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I INTRODUCTION 

1 Equine malignant melanoma 

Equine melanoma or Equine Malignant Melanoma (EMM) as recently named by 

Moore et al. (MOORE 2012) is a common pigmented neoplasm, characterised by an 

uncontrolled growth of melanocytes. It is seen more frequenctly in grey- and white-

coated horses and often in advanced stages presented as a multicentric malignancy.  

The prevalence EMM in grey-horses increases with aging (VALENTINE 1995; 

JEGLUM 1999; SMITH et al. 2002) and independently of the gender, 80% of grey 

horses older than 15 years (VALENTINE 1995; JEGLUM 1999; SELTENHAMMER et 

al. 2003) develop EMM.  

The pathological nature of EMM has been discussed for several years. Some authors 

suggested it was a benign pigment cell dysplasia, while others agree it is a true 

neoplasm. The concept of equine melanoma as a neoplasia with malignant potential 

became commonly accepted in the last years. Further, Scott affirmed that at least 

66% of the melanocytic tumors in horses become malignant (SCOTT 1988). 

Single or multiple to confluent tumors are commonly located in the deep dermis of the 

perineum, undersurface of the tail, anal, perianal and genital regions, perineum, and 

lip commissures (VALENTINE 1995; FLEURY et al. 2000). EMM affecting solid-

coloured horses are usually solitary cutaneous masses, which can be “benign” or 

malignant with no obvious predilection sites (VALENTINE 1995). 

1.1 Clinical presentation 

Many melanomas present initially as single, small, raised nodules in the perineum, 

multiple nodules may be seen at once (FLEURY et al. 2000; SELTENHAMMER et al. 

2003). In the initial stages in which there is little growth, lesions may exist for many 

years without causing clinical problems. This changes when lesions enlarge and 

coalesce. Therefore, the symptoms are generally related to the location and size of 

the tumor, including altered defecation, weight loss, colic, oedema, dyspnoea, 

epistaxis, paresis, or ataxia, dysuria and abnormalities involving the genitalia, 

including priapism. (JEGLUM 1999; FLEURY et al. 2000; MACGILLIVRAY et al. 

2002). Lesions, normally covered by intact epidermis, may ulcerate and become 

infected (FLEURY et al. 2000). 
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Moore et al. suggested that since almost invariably, tumor nodules that are 

expanding are quite firm, this could be due the activation of fibroplasia by tumor cells 

or in response to tumor cell growth. Similarly the well-vascularised tumors may reflect 

enhanced angiogenesis as a result of tumor cell proliferation (MOORE 2012).  

1.2 Current therapies for equine malignant melanoma 

A variety of therapies have been developed and tested, nevertheless there is no 

widely accepted efficient treatment for EMM.  

Excision of small, single melanomas is possible with apparent success (ROWE u. 

SULLINS 2004). Cure is not always achieved since new melanoma might develop in 

other locations and remaining melanoma might continue growing (PASCOE 1999). 

When the lesions are multiple and also invading internal organs, curative surgical 

treatment is not feasible (VALENTINE 1995). Surgical excision may be palliative if 

defecation or other physiological functions are disturbed (ROWE u. SULLINS 2004). 

Recent reports demonstrated that the intratumoral injection of cisplatin reduced the 

size of melanoma with an 81% success rate. Therapy was less effective in larger 

more advanced tumors and the development of new melanoma lesions continued 

outside the treated area (THEON et al. 2007). The antagonisation of histamine 

(which activates T-suppressor cells via H2R) using oral administration of cimetidin 

showed to have an antitumoral effect, reducing the number and size of the tumors 

(GOETZ et al. 1990). However, more recent studies found no significant effect on the 

number or size of the melanomas after cimetidine treatment (WARNICK 1995; LAUS 

2010).  

2 Immune-mediated melanoma therapy 

Conventional therapy only palliates the disease and is not curative in the advanced 

stages. Therefore, a variety of approaches, which rely on the valuable properties of 

the immune system are being developed. Intensive research has been performed 

especially on human, mice (human melanoma model) and canine melanoma.  

Different studies have shown the protective and or curative functions of the immune 

system, particularly against human colon carcinoma (DOHLSTEN et al. 1995; 

CORREALE et al. 2005; UYL-DE GROOT et al. 2005) and melanoma (SEIGLER et 

al. 1979; YEE et al. 2000; HODI et al. 2010).  

Burnet reported, in the mid-nineties, that the immune system influences the 

development of neopastic diseases (BURNET 1967) and Kobayashi observed that 



INTRODUCTION 

3 

immunosuppressed human patients with reduced NK-cell cytotoxicity (Chediak-

Higashi-syndrome) showed a significantly higher risk to develop malignant processes 

(N. KOBAYASHI 1985). Additionally, patients treated with immunosuppressive drugs 

are more likely to get non-viral induced neoplasia than untreated individuals 

(BIRKELAND et al. 1995; SHEIL et al. 1997).  

Immunity against cancer involves several components. Interferon gamma (IFN-γ), 

produced by NK and T cells, with antiproliferative (KOMINSKY et al. 1998) and 

antiangiogenetic effects as well as an innate immune activation function (IKEDA et al. 

2002) is one important factor. It directs the immune answer into a Th1 direction, 

activates the NK cell function, influences antigen-processing and –presentation, 

stimulates antiviral functions and apoptosis (BRUNDA et al. 1995). Mice with 

defective IFN-γ signal transmission developed more neoplasia compared to wild-type 

mice after aging or the treatment with chemical carcinogen 3`-methylcholanthrene 

(IKEHARA et al. 1984; SHANKARAN et al. 2001).  

The cytotoxic effects of T cells classify them as crucial for cancer immunity. Human 

patients with neoplastic disease with lymphocyte infiltration of their tumor have a 

better prognosis than the ones without this infiltration (GALON et al. 2006). 

Immunodeficient mice (unable to generate mature B and T lymphocytes) and mice 

with severe combined immunodeficiency showed higher tumor development than 

wild-type mice (SHANKARAN et al. 2001; SWANN u. SMYTH 2007) 

NK-cells are also essential. Haliotis et al showed that in knockout mice NK-cells were 

responsible for tumor rejection (HALIOTIS et al. 1985). Furthermore, Smyth et al. 

demonstrated that NK-cells are responsible for the elimination of cancer cells not 

expressing the MHCI marker (SMYTH et al. 2000).  

Also antibodies (Abs) play a role in cancer immunity. The activation of the 

complement pathway leads to the production of chemotactic molecules able to 

stimulate a cellular and humoral response (DI GAETANO et al. 2003) and the 

interaction of the Fc-end of antitumor specific Abs with the Fc-receptor of immune 

cells generates Ab-dependent cytotoxicity (CARTRON et al. 2002; NIMMERJAHN u. 

RAVETCH 2006) 

Even though several immune mechanisms are responsible to prevent neoplastic 

changes, tumor cells have different techniques to escape from immune recognition. 

The non-recognition of tumors can occur when tumor antigens (Ags) are missing, the 

Ag expression during tumor growth is reduced or absent and when cells are unable 
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to present the Ags to the immune system (ALGARRA et al. 2000; MARINCOLA et al. 

2000; SELIGER et al. 2000). T-cell recognition of tumor cells can also be reduced by 

decreased binding of the T-cell receptor to MHCI complexes (BUBENIK 2004). 

Tumor cells are able to secrete immunosuppressive mediators like NO (ZHANG u. 

XU 2001), transforming growth factor beta (BECK et al. 2001) and Interleukin 10 

(KAWAMURA et al. 2002). Further, the immune system suppression is also possible 

after the induction or presence of regulatory T cells (CURIEL 2007).  

Based on the immune system mechanisms associated with cancer, a variety of 

therapies that stimulate or inhibit specific immunological responses have been 

evaluated. Some of these approaches are the use of modified autologous tumor cells 

(LOTEM et al. 2009), specific peptides as tumor vaccines (LEWIS et al. 2000; 

GYORFFY et al. 2005), cytokines (ROSENBERG et al. 1994; NAGAI et al. 2000; 

KISHIDA et al. 2001; P. LEE et al. 2001) and vaccines (MORTON et al. 1992; 

SONDAK et al. 2002; BERGMAN et al. 2006; FINOCCHIARO u. GLIKIN 2008). 

3 Interleukin-12 in cancer therapy 

Different cytokines have been evaluated and applied in cancer therapy (e.g. IL-12, IL-

2, IFN-γ, IFN-alfa, etc.)(ROSENBERG et al. 1994; FISHER et al. 2000; KIRKWOOD 

et al. 2000; P. LEE et al. 2001; IKEDA et al. 2002). 

The ability of IL-12 to facilitate cell-mediated immune responses, including 

enhancement of NK cytotoxicity, generation of CTL, and macrophage activation, 

suggests that it could have a role in both the innate and adaptive resistance 

mechanisms against tumors (ANDREWS et al. 1993). 

IL-12 is a potent inducer of cytokine production, particularly IFN-γ, in T and NK cells; 

a growth factor for pre-activated T and NK cells; and an enhancer of cytotoxic activity 

in both CD8+ T and NK cells (KOBAYASHI et al. 1989). IL-12 is produced by 

phagocytes, lymphocytes and dendritic cells (DCs) (D'ANDREA et al. 1992). In 

addition to its role in the phagocytic cell activation mechanism early in the 

inflammatory response to infections, IL- 12 stimulates the generation of IL-2 and IFN-

γ producing Th1 cells (MANETTI et al. 1993) and the optimal differentiation of 

cytotoxic T lymphocytes (GATELY et al. 1992). IL-12 leads to the differentiation and 

proliferation of activated CD8+ and CD4+ cells increasing the cytotoxic potential of 

CD8+ and NK cells (ROBERTSON u. RITZ 1996). IL-12 also up-regulates the 

expression of MHCI, MHCII and ICAM-I molecules, enhancing tumor recognition 
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(YUE et al. 1999). Additionally, IL-12 was shown to inhibit angiogenesis essential to 

stop tumor growth (YAO et al. 2000; L. HEINZERLING et al. 2002).  

IL-12 unlike other cytokines, was shown to have a heterodimeric structure of 70 kD 

(p70), formed by two covalently linked glycosylated chains of approximately 40 kD 

(p40) and 35 kD (p35) (KOBAYASHI et al. 1989). Cotransfection with both cDNA in 

the same cells is required for secretion of the biologically active form of IL-12 

(GUBLER et al. 1991). It was reported that in the mouse recombinant free p40 

inhibits the biologic activity of the p70 heterodimer, suggesting that p40 may act as a 

physiologic antagonist of IL-12 (MATTNER et al. 1993). Further it was observed that 

the inhibitory activity of recombinant murine p40 resides primarily in p40 homodimers 

formed by recombinant protein and it is not clear yet whether natural p40 also has 

antagonistic activity; moreover little if any antagonistic activity was demonstrable with 

human recombinant p40 (TRINCHIERI 1994). The IL-12 receptors are located on 

activated T- and NK-cells (PRESKY et al. 1996) and the receptor production is 

induced by the activation of T-cell receptors, IFN-γ and IL-12 (ROGGE et al. 1997).  

Reduction and remission of neoplasia after applying IL-12 was seen in mice 

(BRUNDA et al. 1993; LUCAS et al. 2002), humans (CEBON et al. 2003; L. 

HEINZERLING et al. 2005) and horses (L. M. HEINZERLING et al. 2001; MÜLLER et 

al. 2011a; MÜLLER et al. 2011b).  

3.1 IL-12 in melanoma therapy 

Research on human melanoma has been largely performed using the mice 

melanoma B16 model. Treatment with recombinant IL-12 or IL-12 gene therapy (IL-

12 cDNA gene gun delivery) of mice bearing the B16 melanoma induced tumor 

regression; however the protein therapy resulted in a high level of mortality, weight 

loss, splenomegaly, fur ruffling and lethargy (RAKHMILEVICH et al. 1999).  

Schultz et al. administered IL-12 as intramuscular plasmid DNA injection (encoding 

both IL-12 subunits) into mice bearing B16 melanoma reaching long-lasting 

antimetastatic effects. Additionally, they reported that the IL-12 DNA treatment is 

required during the early phases of metastasis formation, being the treatment 

ineffective when administered later (SCHULTZ et al. 1999).  

Similarly to this approach, Kishida et al. injected plasmid vectors codeing the IL-12 

and -18 genes intratumorally (B16 melanoma) followed by in vivo electroporation. 

The IL-12 gene transfection resulted in significant suppression of tumor growth, while 

the therapeutic effect was further improved by co-transfection with IL-12 and -18 



INTRODUCTION 

6 

genes. Repetitive co-transfection of the expression plasimds resulted in significant 

prolongation of survival of the animals (KISHIDA et al. 2001)  

Lucas et al. confirmed these results after performing a similar study. B16 melanoma 

bearing mice were treated with plasmid DNA encoding IL-12 (intratumoral and 

intramuscular), followed by in vivo electroporation. The intratumoral treatment 

resulted in the cure of 47% of tumor-bearing mice, and 70% of them became 

resistant to the challenge with B16F10 cells. Interestingly the intramuscular treatment 

did not result in tumor regression. The intratumoral treatment also increased levels of 

IL-12 and IFN-γ within the tumors, the influx of lymphocytes into the tumors, and 

reduction in vascularity. Treatment was not effective in a nude mouse model, 

supporting the role of T cells in the regression of melanoma (LUCAS et al. 2002). 

Recently, a significant anti-tumor activity was achieved after DCs genetically 

engineered by IL-12 plasmid DNA were injected intratumorally into mice carrying a 

B16 melanoma mass (YOSHIDA et al. 2010). 

The intravenous injection of recombinant human IL-12 into twelve human patients 

with melanoma in a phase I dose escalation trial was performed. After treatment, one 

patient showed transient complete response and four had no disease progression. 

The common toxicities reported were fever/chills, fatigue, nausea, vomiting, and 

headache. Also routine laboratory changes like anemia, neutropenia, lymphopenia, 

hyperglycemia, thrombocytopenia and hypoalbuminemia were found. Dose-limiting 

toxicities were oral stomatitis and liver function test abnormalities. The maximum 

tolerated dose was associated with asymptomatic hepatic function test abnormalities 

and an on study death but was otherwise well tolerated by the rest of the patients 

(ATKINS et al. 1997).  

Based on this previous study, the same research group conducted the phase II 

study. The maximum tolerated dose (500ng/kg) of recombinant human IL-12 was 

administered to 17 patients, resulting in severe unexpected toxicities, 12 patients 

were hospitalized and two patients died (LEONARD et al. 1997). 

Bajetta et al. also administered human recombinant IL-12 (subcutaneously) to 10 

patients with progressive metastatic melanoma. Toxicity during the treatment 

consisted mainly in flu-like syndrome and transient increase in transaminasemia and 

triglyceridemia. After the first cycle of treatment, regression of subcutaneous nodules 

(2 of 3 patients), superficial adenopathies (1 of 3 patients), and hepatic metastases (1 

of 3 patients) were observed (BAJETTA et al. 1998). 
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To test the enhancing qualities of IL-12, addition of this cytokine to an immunization 

protocol was performed. Patients with high risk resected stage III and IV melanoma 

were immunized with two tumor antigens epitope peptides (gp100 and tyrosinase). 

Patients received the immunization with or without the addition of IL-12 (30ng/Kg i.v.). 

Local pain and granuloma formation, fever, and letargy were observed. A significant 

proportion of the patients mounted an antigen-specific immune response and IL-12 

increased this response. The authors concluded that these results support further 

development of IL-12 as a vaccine adjuvant (P. LEE et al. 2001). 

Cebon et al. applied melanoma peptide antigens (Melan-A) combined with the 

administration of a low dose of recombinant IL-12 to stage III and IV melanoma 

patients. This low dose approach was introduced by the authors to avoid the toxicity 

results of higher doses of recombinant IL-12. The therapy was well tolerated, being 

the only adverse event influenza-like symptoms. Clinical responses included a 

complete response, a partial response and mixed responses in pulmonary, pleural 

and nodal disease. Clinical and immunological activity (Melan-A lysing capable CD4+ 

and CD8+ lymphocyte infiltration) were observed after the administration of peptides 

either with or without low dose recombinant human IL-12 (CEBON et al. 2003). 

Heinzerling et al. applied DNA encoding human IL-12 into melanomas of human 

patients based on the efficacy obtained previously in preclinical melanoma studies 

with mice and grey horses (L. M. HEINZERLING et al. 2001; L. HEINZERLING et al. 

2002). Low, medium and high doses of plasmid DNA encoding human IL-12 were 

injected into lesions of nine patients with stage IV malignant melanoma. Therapy was 

well tolerated and three of nine patients experienced a clinical response (two with 

stable disease, one complete remission). Biopsies of the responders showed local 

reduction of angiogenesis, lymphocyte infiltration and some increase in IL-12, IP-10, 

and IFN-γ. Serum levels revealed fluctuations (L. HEINZERLING et al. 2005).  

Similarly, Mahvi et al. injected intratumorally DNA coding for human IL-12 to 

melanoma patients reporting a significant size reduction of the primary tumors 

(MAHVI et al. 2007). Further, Daud et al. applied intratumoral IL-12 DNA 

electroporation in humans with metastatic melanoma resulting in complete regression 

(two of 19 patients) and stable disease or partial regression (eight of 19 

patients)(DAUD et al. 2008).  

In dogs the search for a curative therapy against canine malignant melanoma (CMM) 

is still ongoing. CMM is also a spontaneous, aggressive, and metastatic neoplasm. 
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Therefore, similar approaches to the ones used in humans have been developed and 

applied in dogs. Bergman et al. used an intramuscular xenogeneic DNA vaccination 

with genes encoding human tyrosinase (potent stimulator of cytotoxic T-cell 

responses) in dogs with stage II-IV CMM. Vaccination was well tolerated, one dog 

showed complete clinical response in multiple lung metastases for 329 days, four 

dogs had long-term survivals (421, 588+, 501 and 496 days), and four others were 

euthanized because of progression of the primary tumor. The authors concluded that 

this was a safe and a potential good therapeutic modality against advanced CMM 

(BERGMAN et al. 2003). A similar study performed by the same group supported 

these results. Intramuscular xenogeneic DNA vaccination with genes encoding 

human and or murine tyrosinase was applied to stage II-IV CMM dogs. Vaccination 

was also well tolerated, prolonged significantly the median survival time of all treated 

dogs and induced a 2- to 5-fold increase in circulating antibodies to human 

tyrosinase (BERGMAN et al. 2006). 

Recently a vaccine to trat canine stage II-III oral melanoma got an USDA (United 

States Department of Agriculture) approval (February 2010; ONCEPT™ Canine 

Melanoma Vaccine; Merial Company, Duluth, GA, USA). There are still ongoing 

studies and little is known about the therapy success. Nevertheless, Bergman et al. 

results and the introduction of this vaccine are promising approaches in the search 

for CMM cure. The use of the vaccine prolongs survival time, but only in not severe 

stages of the disease remission has been observed. The vaccination certainly 

induces an efficient immune system stimulation, but possibly the solely use of 

tyrosinase is not enough. The addition of IL-12 to the treatment protocol, as a 

vaccine adjuvant, could benefitial. Adding the IL-12 immune system stimulatory 

functions to the proven tyrosinase effects a more efficient respond with possible 

higher remission rates could be reached.  

3.2 Adjuvant effects of IL-12 

IL-12 has been used in combination with other approaches to enhance cell mediated 

immunity (IWASAKI et al. 1997; KIM et al. 1999). Recently, IL-12 is being applied as 

a novel vaccine adjuvant (GHERARDI et al. 2001; PORTIELJE et al. 2003). In tumor 

vaccination, the co-administration of genes encoding for IL-12 and various tumor 

antigens clearly enhanced the anti-tumor effects, with inhibition of tumor growth and 

eradication of established tumors (TAN et al. 1999; AMICI et al. 2000; KIM et al. 

2001). An important and promising vaccination strategy consisted of the addition of 
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IL-12 to DC-based vaccines (ZITVOGEL et al. 1996; FALLARINO et al. 1999; 

MELERO et al. 1999; KOIDO et al. 2000; YOSHIDA et al. 2010), resulting in the 

augmented anti-tumor effect of the vaccine. 

3.3 DCs and the immune-mediated therapy 

DCs are known as potent antigen-presenting cells able to induce effective immune 

responses. Their characteristics make them suitable for different therapeutic 

approaches that aim to stimulate or suppress immune responses (JONULEIT et al. 

2001). In humans, DCs are particularly used in cancer therapy (RIBAS et al. 2002; 

SCHULER et al. 2003); immune-mediated therapy (FIGDOR et al. 2004) and 

prevention and or treatment of autoimmune diseases (LO u. CLARE-SALZLER 

2006). 

3.3.1 DCs in melanoma therapy 

In humans the first DC-vaccination studies used DCs directly isolated ex vivo from 

blood, having the disadvantage of low yield of DCs (HSU et al. 1996; SCHULER et 

al. 2003). However, effective and clinically applicable methods based on magnetic 

cell sorting techniques are now available, making it possible to compare the 

immunogenic properties of distinct DC subsets, such as plasmacytoid DCs, to the 

various myeloid DC subsets that have been used so far (SCHULER et al. 2003). DC 

vaccination of melanoma patients appears to be safe and to produce encouraging 

clinical responses. A single deep dermal injection of matured Mo-DCs pulsed with 

foreign peptides (keyhole limpet hemocyanin (KLH), tetanus toxoid (TT), flu matrix 

peptide) rapidly induced the proliferation of KLH-specific Th1 cells and expanded the 

flu-specific CD8+ CTL population (DHODAPKAR et al. 2000). Similarly, Mo-DCs 

loaded with KLH and tumor peptides or tumor cell lysates were intranodally delivered 

inducing antigen-specific immunity during DC vaccination (NESTLE et al. 1998). 

Responses were evident in 5 out of 16 evaluated patients (two complete responses, 

three partial responses) with regression of metastases in various organs and most of 

the clinical responses were durable over several years (NESTLE et al. 1998). 

Banchereau and colleagues pulsed CD34+-derived DCs simultaneously with KLH and 

four HLA-A2.1 restricted melanoma antigens (melanA, tyrosinase, gp100 and Mage-

3), vaccinated subcutaneously 18 stage IV melanoma patients and found that 

regression of tumor metastasis was observed in 7 out of 17 evaluated patients 

(BANCHEREAU et al. 2001). The overall immunity to melanoma antigens after 
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vaccination was clearly associated with the clinical outcome (BANCHEREAU et al. 

2001). 

In horses, DCs are currently also being generated and used for the treatment of 

some skin tumours or DC-based immunotherapy (VECCHIONE et al. 2002; 

LOEWENSTEIN u. MUELLER 2009; STEINBACH et al. 2009). 

A preliminary study treated horses with sarcoids intradermally using a DC-based 

vaccine (DCs were activated with autologous tumor lysates), the treatment was well 

tolerated but no correlation was found between the used therapy and the clinical 

outcome (STEINBACH et al. 2009).  

Dietze et al. generated high quantities of equine DCs to develop a DC-based 

immunotherapy against equine summer eczema. Generated DCs were activated with 

fluorescence-labelled culicoides protein and the subsequent mRNA expression of IL-

12 was analysed. After stimulation increased IL-12 mRNA expression by DCs was 

detected, suggesting that these loaded DCs could be able to induce Th1 polarisation, 

enabling a deviation from pathogenic Th2 response in patients with summer eczema 

(DIETZE 2009). 

Monocyte-derived DCs can be generated in vitro from peripheral blood CD14+ 

monocytes after adding specific growth factors to the culture medium (KIERTSCHER 

u. ROTH 1996; ROMANI et al. 1996). Different protocols were reported to allow DC 

generation in horses and modification of these protocols resulted in increased 

numbers of generated DCs (HAMMOND et al. 1999; MAUEL et al. 2006; DIETZE et 

al. 2008). Unfortunately, the achieved efficiency of this process in horses is still poor, 

resulting in unsatisfying yields of generated DCs.  

4 Equine malignant melanoma immune-mediated therapy 

Research results for human melanoma, particularly the IL-12 mediated approaches, 

contributed to develop immune-mediated studies in horses. Heinzerling et al. 

suggested that the spontaneous developed metastatic melanoma in horses is similar 

to the development of human melanoma, and therefore this specie would be a more 

optimal animal model than the mice model (induced melanoma) to study new 

immunotherapy protocols (L. M. HEINZERLING et al. 2001). In their first study, 

plasmid DNA coding for IL-12 applied intratumorally into established metastases 

induced significant regression in all twelve treated lesions (seven horses), complete 
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disappearance was observed in one lesion and the treatment was well tolerated (L. 

M. HEINZERLING et al. 2001). 

Based on these positive results, a larger study using 26 grey horses was performed 

to confirm the ability of IL-12 and -18 to inhibit tumor growth after intratumoral DNA 

injection (PATRIZIA STÄHLI 2005). Animals were treated intratumorally with plasmid 

DNA encoding equine IL-12 or -18. Significant tumor size regression after IL-18 

treatment was observed, whereas the IL-12 group showed a regression tendency 

(calliper measurement). No significant change in size or vascularisation was reported 

after ultrasound measurement. Peritumoral infiltration of inflammation cells was seen 

in six of 15 horses treated with IL-12 or -18 (PATRIZIA STÄHLI 2005). A similar study 

was recently published by Müller et al.. Grey horses with metastatic melanoma were 

used for a double-blind placebo-controlled study (MÜLLER et al. 2011a). Empty 

plasmid DNA, plasmid DNA encoding IL-12 or -18 was applied intratumorally. 

Treatment response was assessed measuring tumor size (calliper and ultrasound 

measurement) and histological analysis of tumor biopsies. The treatment was safe 

and well tolerated by all animals. Significant tumor regression was reported in both 

treated groups, while in the control group (empty plasmid DNA treatment) slight 

tumor growth was detected. Peritumoral infiltration of inflammatory cells was seen in 

seven of ten treated tumors (IL-12 or -18 treatments). Finally, authors concluded that 

the obtained results indicate that intratumoral treatment with IL-12 and -18 encoding 

plasmid DNA has antitumor effects in horses and holds promise for the treatment of 

patients with metastatic melanoma (MÜLLER et al. 2011a). A follow up study was 

performed by the same group to assess the in vivo gene transfer in the IL-12 

treatment of grey horse melanoma (MÜLLER et al. 2011b). The in-vivo induction of 

IFN-γ expression in grey horses with metastatic melanoma after the intratumoral 

injection of plasmid DNA coding for equine IL-12 was evaluated. After the 

intratumorally injection of plasmid DNA coding for IL-12 in seven horses, peripheral 

blood and tumor biopsies from the injection site were taken. Quantitative real-time 

PCR results showed fast elimination kinetics of plasmid DNA in peripheral blood and 

increased IFN-γ expression after IL-12 plasmid injection in the taken biopsies 

(MÜLLER et al. 2011b). These last results from Müller et al. confirmed in horses the 

biological activity of the injected IL-12 plasmid DNA after intratumoral injection 

(MÜLLER et al. 2011b).  
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The analysis of the obtained results (cell infiltration, change in tumor growth, etc.) 

after the IL-12 immune-mediated melanoma transfection approaches, it is essential to 

determine the biological activity of the transfected DNA. Ideally the IL-12 

concentrations in serum or biopsies after treatment should be measured. 

Unfortunately a specific equine enzyme linked assay for IL-12 and or IFN-gamma 

quantification is so far not available. Therefore, previous studies determined indirectly 

the presence of IL-12 in samples performing in vitro stimulation of PBMCs or 

analysing biopsies from the treated tumors using RT-PCR for IFN-gamma detection 

(PATRIZIA STÄHLI 2005; MÜLLER et al. 2011a). 

5 Recombinant IL-12 toxicity and gene therapy 

The application of recombinant IL-12 into patients caused several side effects like 

fever, chills, fatigue, headache, nausea and vomiting (ATKINS et al. 1997; BAJETTA 

et al. 1998; PORTIELJE et al. 1999) and the unexpected death of two patients 

(LEONARD et al. 1997). Researchers investigated the death cause and concluded 

that the toxic reactions that killed the patients were caused by the administration of 

recombinant IL-12, a highly toxic drug when given in multiple high doses (COHEN 

1995). Negative effects could be avoided if multiple doses are preceded by a single 

dose followed by a rest period. This initial dose apparently imprints a memory on the 

immune system and avoids detrimental overreactions (COHEN 1995).  

The side effects caused by using recombinant IL-12 stimulated further studies to use 

low dose recombinant IL-12 or gene therapy, applying DNA encoding IL-12. Cytokine 

DNA is able to potentiate the same immune reaction but shows less toxicity than 

recombinant proteins due to the body’s own protein production with a constant 

plasma level, rather than high, toxic and short-lived plasma levels of recombinant 

proteins (SCHULTZ et al. 1999; COLOMBO u. TRINCHIERI 2002).  

6 Gene therapeutic approaches 

Gene therapy is currently being applied to treat different diseases. Several trials 

employing gene therapy protocols were used in melanoma patients (PORTIELJE et 

al. 2003; L. HEINZERLING et al. 2005; MAHVI et al. 2007). Successful gene therapy 

requires the development of an efficient method to introduce therapeutic genes into 

target cells in vivo. The vector needs to be selective and efficient, delivering 

exogeneous DNA to target cells with minimal toxicity. The used vectors can be 

separated into two categories: viral and non-viral vectors. 
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6.1 Viral vectors 

To enter the cells they use the natural ability of viruses (retrovirus, adenovirus, 

adeno-associated viruses) and express their own proteins, allowing a high 

transfection rate with rapid transcription of the foreign material inserted in the viral 

genome. However, their use is limited by various factors. Safety issues were raised 

following death of a patient during a clinical trial using viral vectors (SOMIA u. 

VERMA 2000). Only small sequences of DNA can be inserted in the virus genome 

and large-scale production is difficult to achieve. Further, viruses induce severe 

immune and inflammatory responses in patients. Lastly, also insertional mutagenesis 

and oncogenic effects can occur (K. Y. LEE et al. 1998).  

6.2 Non-viral vectors 

The limitations of viral vectors, particularly regarding safety, have led to the 

evaluation and development of alternative vectors based on non-viral systems. Non-

viral vectors are less toxic, less immunogenic (lack of specific immune response), 

and easier to prepare (large-scale production) than viral vectors (NISHIKAWA u. 

HUANG 2001). Nevertheless, they have also some disadvantages including lower 

efficiency compared with viral vectors and short duration of gene expression (LI u. 

HUANG 2000). The physicochemical properties of the DNA-vector complex affect its 

passage through capillaries, extravasation, capture by the mononuclear phagocytes 

and uptake by target cells. Therefore, successful gene therapy will be achieved by 

developing a well designed efficient non-viral vector that overcomes these delivery 

barriers (NISHIKAWA u. HUANG 2001). 

6.2.1 Non-viral transfection methods 

6.2.1.1 Naked DNA injection 

The simplest approach for DNA delivery is the injection of naked DNA. The first 

report was made by Wolf et al were gene expression after intramuscular injection of 

naked plasmid DNA was achieved (WOLFF et al. 1990). Intratumoral injection of 

naked DNA can also induce transgene expression at a level that it is enough to elicit 

therapeutic effects (NOMURA et al. 1999). However, when injected intramuscularly 

the uptake of plasmid DNA by muscle cells is relatively inefficient and limited to cells 

adjacent to the track of injection (WOLFF et al. 1991). For systemic administration 

plasmid DNA should be protected from degradation before reaching target cells 
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(NISHIKAWA u. HUANG 2001). In mice, after systemic administration of plasmid 

DNA, rapid degradation by nucleases and clearance by the mononuclear phagocyte 

system with a disappearance half-life of less than 5 minutes was reported 

(KAWABATA et al. 1995). Hence, administered systemically plasmid DNA requires a 

delivery system, such as cationic liposomes, that protects it from in vivo degradation 

(NISHIKAWA u. HUANG 2001).  

6.2.1.2 Gene gun 

Shooting naked plasmid DNA into target cells or tissues can be carried out by using a 

gene gun which uses gold nanoparticles coated with DNA (NISHIKAWA u. HUANG 

2001). Transfection efficiency varies among tissues (10-20% skin, 1-5% muscle) 

(YANG et al. 1990) and gene expression can last up to 14-60 days (NISHIKAWA u. 

HUANG 2001). However, the major limitation is the shallow penetration into the 

tissue (in mice the depth did not exceed 0.5 mm) (ZELENIN et al. 1997). 

6.2.1.3 Electroporation 

Intense short electric pulses are applied reversibly to permeabilize the cell membrane 

allowing extracellular molecules to enter the cell. It has been applied to introduce 

plasmid DNA into tissues such as skin, liver, melanoma, and muscle (NISHIKAWA u. 

HUANG 2001). Naked plasmid DNA is injected into the tissue and electric pulses are 

applied with needle- or calliper-type electrodes. This pulses generally increase gene 

expression up to 1000-fold compared with injection of naked plasmid DNA without 

electroporation (NISHIKAWA u. HUANG 2001). Nevertheless, electroporation 

parameters and outcome greatly differ depending on the target tissue (NISHIKAWA 

u. HUANG 2001). 

6.2.1.4 Cationic lipid (liposome)-DNA complex (lipoplex) 

The addition of cationic lipids to plasmid DNA decreases its negative charge and 

facilitates its interaction with cell membranes. Cationic lipid-DNA complex has been 

used successfully to deliver plasmid DNA to lung, brain, tumors and skin by local 

administration or after intravenous injection (NISHIKAWA u. HUANG 2001). 

Complexes formed between the cationic lipid and DNA are rapidly cleared from the 

bloodstream and have been found to be widely distributed in the body (LIU u. 

HUANG 2002). The transfection efficiency of liposome-DNA complexes in vivo has 

been shown to be relatively low, especially when compared to viral vectors 
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(AUDOUY et al. 2002). One explanation for the relatively poor transfection efficiency 

is that they are susceptible to disruption by serum proteins (LIU u. HUANG 2002). 

Various proteins are known to bind to liposomes in vitro and in vivo, which may lead 

to membrane destabilization (MANSOURI et al. 2004). Additionally, it is also well 

documented that in vitro liposome-DNA complexes are directly cytotoxic.  

6.2.1.5 Cationic polymer-DNA complex (polyplex)  

High molecular weight cationic polymers are more effective in condensing DNA than 

cationic liposomes and can enhance cellular uptake of plasmid DNA by nonspecific 

adsorptive endocytosis (NISHIKAWA u. HUANG 2001). Transfection efficiency 

largely depends on its molecular weight and iso-form (FISCHER et al. 1999). In 

addition to natural polymers, synthetic ones have been developed to increase 

transfection efficiency, decreasing toxicity. Maheshwari et al. reported that 

Intratumoral injection of a biodegradable synthetic polymer increased significantly 

gene expression (MAHESHWARI et al. 2000). Cationic polymer-DNA complexes 

have also some disadvantages such as toxicity, lack of biodegradability, low field of 

gene transfection, biocompatibility and in particular, low transfection efficiency 

(OUPICKY et al. 2002). 

7 Transfection reagents 

Several reagents have been developed to overcome the limitations of transfection. 

The majority of the available transfection reagents introduce foreign DNA into cells by 

lipofection. The reagents generally contain lipid subunits that form liposomes in an 

aqueous environment entrapping the DNA, the generated DNA-containing liposomes 

can then fuse with the plasma membrane of cells and the DNA is able to enter the 

cell for replication. Transfection reagents commonly applied and also used in this 

study were Lipofectamine® (Invitrogen Life Technologies, Darmstadt, Germany), 

FuGENE® HD (Promega, Mannheim, Germany), X-tremeGENE (Roche applied 

sciences, Mannheim, Germany) and Mirus TransIT® (Mirus, MoBiTec GmbH, 

Göttingen, Germany). 

8 Transfection efficiency 

The effectiveness of the protocols applying plasmid DNA, in some cases, has not 

been well achieved, mainly because of the inefficiency of the gene transfer vectors 

used (MANSOURI et al. 2004).  
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Most of the results presented above after applying DNA encoding for IL-12 in 

melanoma therapy report tumor regression or tumor growth stop and in rare cases 

complete remission. Several limitations could explain this poor treatment respond. 

Immune system suppression or escape mechanisms of tumor cells are reasonable 

causes, but also reduced transfection efficiency with low protein expression. 

8.1 Transfection efficiency enhancers 

Various methods and modifications are currently evaluated to increase efficiency and 

reduce toxicity. 

8.1.1 Nanoparticles (NPs) 

The valuable characteristics of NPs make them suitable to act as plasmid DNA 

carriers and transfection enhancers. Transfection protocols using NPs have been 

evaluated in recent studies (BERTRAM 2006; P. GHOSH et al. 2008a; S. 

PETERSEN et al. 2009). 

8.1.2 Gold Nanoparticles (AuNPs) 

AuNPs are a good complement for the existing transfection protocols. AuNPs have a 

big surface, adjustable stability, low toxicity and can protect DNA from enzymatic 

disassembling (P. S. GHOSH et al. 2008b). AuNPs are in the focus of intense 

research due to their chemical stability, electro-density and -affinity to biomolecules 

such as DNA, when charged (ROSI et al. 2006). This inherent charge given to these 

AuNPs, make them interesting for DNA-binding and cell transfection.  

8.1.3 Magnetic Nanoparticles 

Magnetic NPs loaded with the nucleic acid of interest have been used to increase 

transfection efficiency by applying magnetic force to the DNA-NP complexes. These 

magnetic DNA-NP complexes are drawn towards the outer cell membrane via 

magnetic force and are subsequently taken up by the cell via endocytosis 

(BERTRAM 2006).  

9 Equine IL-12 mammalian expression vectors 

The heterodimeric nature of IL-12 presents challenges to the expression of the 

protein in vitro and in vivo. Both IL-12 subunits are translated separately and then 

processed by the cell to a joint complex. IL-12 expression strategies developed to 

overcome these limitations and achieve equimolar expression of each subunit include 
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the separation of the cDNAs (p35 and p40) by an internal ribosome entry site (IRES) 

(ZITVOGEL et al. 1994) or physical linking through a flexible peptide coding region 

(flexi) (ANDERSON et al. 1997). Equine IL-12 p35 and p40 subunits were cloned and 

sequenced by Nicolson et al. (NICOLSON et al. 1999) and the production of 

biologically active equine IL-12 in different expression systems was reported by 

McMonagle et al. (MCMONAGLE et al. 2001). The production of equine IL-12 after 

applying different expression vectors was measured and the “flexi” constructs were 

associated with superior expression of bioactive IL-12 than the IRES IL-12 constructs 

(MCMONAGLE et al. 2001). The lack of incorporated markers in these constructs 

(like GFP) makes it difficult to assess transfection efficiency. Therefore, to analyse 

accurately and if needed improve transfection efficiency one of the aims of these 

study was to built additional IL-12 DNA expression constructs using a pIRES-hrGFPII 

expression vector for the simultaneous but separate expression of a green 

fluorescent protein (hrGFP) and the protein of interest (equine IL-12) allowing to 

assess easily transfection efficiencies by GFP detection using fluorescence 

microscopy or flow cytometry. 

 

10 Protein Expression verification/quantification after IL-12 treatment 

The evaluation and further improvement of IL-12 mediated equine melanoma therapy 

requires an assay that directly or indirectly measures the actual concentration of 

equine IL-12 in serum or plasma of treated patients. Müller et al. assessed indirectly 

in vitro the IL-12 expression of transfected cells with equine IL-12 encoding vectors. 

The ability of the supernatants of transfected cells to induce IFN-gamma (IFN-γ) 

expression in equine PBMCs -by measuring the IFN-γ expression via RT-PCR- was 

determined (MÜLLER et al. 2011a), reporting an increased IFN-γ production in 

PBMCs stimulated with transfection supernatants. Furthermore, the IFN-γ mRNA 

expression was increased in biopsies of equine melanomas treated intratumorally 

with equine IL-12 coding vectors (MÜLLER et al. 2011b). A direct quantitative 

analysis of the acting cytokines (IL-12 and IFN-γ) could not be performed due to 

missing options for an accurate estimation of the present protein concentration.  

So far, no specific functional enzyme linked assays for equine IL-12 or IFN-γ have 

been reported. Therefore, IL-12 expression after cell transfection with equine IL-12 

encoding vectors was herein primarily assessed using immunofluorescence and 
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Western Blotting. Afterwards, different antibodies against human and bovine IL-12 

and, bovine IFN-γ were evaluated for cross reactivity with equine IL-12 and IFN-γ to 

establish a bead-based Luminex cytokine assay. These established and evaluated 

bead-based assays were subsequently used to quantify separately and 

simultaneously equine IL-12 and IFN-γ concentrations in supernatants from 

stimulated PBMCs, lysates/supernatants of transfected cells with equine IL-12 

encoding vectors and in several equine serum dilutions.  
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II HYPOTHESIS AND AIMS 

 

In the beginning of this study, the state of research was that DNA encoding for 

equine IL-12 and -18 could be used without risks as a therapy approach in melanoma 

bearing horses. An evaluation of the reached transfection efficiency as well as the 

quantification of the cytokine (IL-12 and -18) production after transfection could not 

be determined.  

 

Therefore, the hypothesis of the study was that tumor size regression without 

complete remission after IL-12/-18 plasmid DNA therapy in horses could be due to 

low transfection efficiencies reached after treatment.  

 

The aims were to accurately analyse the transfection efficiency after in vitro 

transfection with plasmid DNA vectors encoding equine IL-12 and to analyse 

subsequently the equine IL-12 protein expression.  

 

Transfection efficiency was assessed qualitatively via GFP-based Fluorescence 

Microscopy and quantitatively using green fluorescent protein (GFP)-based flow 

cytometry. To do so, vectors able to express simultaneously but separately the 

marker protein GFP and a particular expression protein (IL-12) were built.  

Equine IL-12 expression was primarily confirmed with currently available techniques 

(immune fluorescence, western blot, ELISA) and, later on using a newly establish 

Luminex X-map technology method that allows the simultaneous quantification of 

equine IL-12 and IFN-gamma concentrations. 

 

Additionally, considering the role of dendritic cells in the immune mediated tumor 

therapy, a method to improve the equine DC outcome after monocyte isolation and 

culture was developed. 
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III RESULTS I:  

Comparison of nanoparticle-mediated transfection methods for 
DNA expression plasmids: efficiency and cytotoxicity 
 
 
Durán et al., Journal of Nanobiotechnology 2011, 9:47; doi:10.1186/1477-3155-9-47 
 
 
Transfection efficiency and methodology-induced cytotoxicity were analysed after 

transfection with NP-mediated and conventional approaches. Two eukaryotic DNA-

expression-plasmids were used to transfect the mammalian cell line MTH53A 

applying six different transfection protocols: conventional transfection reagent 

(FuGENE HD, FHD), FHD in combination with two different sizes of stabilizer-free 

laser-generated AuNPs (PLAL-AuNPs_S1,_S2), FHD and commercially available 

AuNPs (Plano-AuNP), and two magnetic transfection protocols. 24h post transfection 

efficiency of each protocol was analysed using fluorescence microscopy and GFP-

based flow cytometry. Toxicity was assessed measuring cell proliferation and 

percentage of propidium iodide (PI%) positive cells. Expression of the respective 

recombinant proteins was evaluated by immunofluorescence.  

The addition of AuNPs to the transfection protocols significantly increased 

transfection efficiency in the pIRES-hrGFPII-eIL-12 transfections (FHD: 16%; AuNPs 

mean: 28%), whereas the magnet-assisted protocols did not increase efficiency. 

Ligand-free PLAL-AuNPs had no significant cytotoxic effect, while the ligand-

stabilized Plano-AuNPs induced a significant increase in the PI% and lower cell 

proliferation. For pIRES-hrGFPII-rHMGB1 transfections significantly higher 

transfection efficiency was observed with PLAL-AuNPs (FHD: 31%; PLAL-

AuNPs_S1: 46%; PLAL-AuNPs_S2: 50%), while the magnet-assisted transfection led 

to significantly lower efficiencies than the FHD protocol. With PLAL-AuNPs_S1 and 

_S2 the PI% was significantly higher, yet no consistent effect of these NPs on cell 

proliferation was observed. The magnet-assisted protocols were least effective, but 

did result in the lowest cytotoxic effect.  
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Manuscript I 

Comparison of nanoparticle-mediated transfection methods for 
DNA expression plasmids: efficiency and cytotoxicity 
 

María Carolina Durán, Saskia Willenbrock, Annette Barchanski, Jessika-M. V. Müller, 
Arianna Maiolini, Jan T. Soller, Stephan Barcikowski, Ingo Nolte, Karsten Feige, Hugo Murua 
Escobar 
 

Journal of Nanobiotechnology 2011, 9:47; doi:10.1186/1477-3155-9-47. 
 

Abstract 

Background 

Reproducibly high transfection rates with low methodology-induced cytotoxic side 

effects are essential to attain the required effect on targeted cells when exogenous 

DNA is transfected. Different approaches and modifications such as the use of 

nanoparticles (NPs) are being evaluated to increase transfection efficiencies. Several 

studies have focused on the attained transfection efficiency after NP-mediated 

approaches. However, data comparing toxicity of these novel approaches with 

conventional methods is still rare.  

Transfection efficiency and methodology-induced cytotoxicity were analysed after 

transfection with different NP-mediated and conventional approaches. Two 

eukaryotic DNA-expression-plasmids were used to transfect the mammalian cell line 

MTH53A applying six different transfection protocols: conventional transfection 

reagent (FuGENE HD, FHD), FHD in combination with two different sizes of 

stabilizer-free laser-generated AuNPs (PLAL-AuNPs_S1,_S2), FHD and 

commercially available AuNPs (Plano-AuNP), and two magnetic transfection 

protocols. 24h post transfection efficiency of each protocol was analysed using 

fluorescence microscopy and GFP-based flow cytometry. Toxicity was assessed 

measuring cell proliferation and percentage of propidium iodide (PI%) positive cells. 

Expression of the respective recombinant proteins was evaluated by 

immunofluorescence.  

Results 

The addition of AuNPs to the transfection protocols significantly increased 

transfection efficiency in the pIRES-hrGFPII-eIL-12 transfections (FHD: 16%; AuNPs 

mean: 28%), whereas the magnet-assisted protocols did not increase efficiency. 

Ligand-free PLAL-AuNPs had no significant cytotoxic effect, while the ligand-
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stabilized Plano-AuNPs induced a significant increase in the PI% and lower cell 

proliferation. For pIRES-hrGFPII-rHMGB1 transfections significantly higher 

transfection efficiency was observed with PLAL-AuNPs (FHD: 31%; PLAL-

AuNPs_S1: 46%; PLAL-AuNPs_S2: 50%), while the magnet-assisted transfection led 

to significantly lower efficiencies than the FHD protocol. With PLAL-AuNPs_S1 and 

_S2 the PI% was significantly higher, yet no consistent effect of these NPs on cell 

proliferation was observed. The magnet-assisted protocols were least effective, but 

did result in the lowest cytotoxic effect.  

Conclusions 

This study demonstrated that transfection efficiency of DNA-expression-plasmids was 

significantly improved by the addition of AuNPs. In some combinations the respective 

cytotoxicity was increased depending on the type of the applied AuNPs and the 

transfected DNA construct. Consequently, our results indicate that for routine use of 

these AuNPs the specific nanoparticle formulation and DNA construct combination 

has to be considered. 

 

Background  

Transfection of eukaryotic cells is a key technology in cell biology being used in 

several areas of basic and therapeutic research. The critical points in these 

experimental approaches are the achieved transfection efficiencies and the 

reproducibility of the performed experiments. Therefore, a stable high transfection 

rate with low methodology induced side effects in terms of toxicity would be 

desirable. Furthermore, the methods used should not interfere with the functionality 

of the delivered molecules such as large DNA expression plasmids or small RNAs 

such as siRNAs and miRNAs.  

Currently, several non-viral transfection methods for eukaryotic cells are used to 

introduce membrane impermeable molecules into the cells. However, the efficiency, 

toxicity, and reproducibility, which may vary depending on the characteristics of the 

cells used, remain a crucial aspect in cell transfection. Consequently, various 

methods and modifications are currently being evaluated to increase efficiency and 

reduce toxicity. Thus, both novel laser-based transfection methods [1] as well as 

nanoparticle (NP) approaches have been evaluated in recent studies [2-4]. 

Considering the latter, gold Nanoparticles (AuNPs) are in the focus of intense 

research due to their chemical stability, electro-density and -affinity to biomolecules 
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such as DNA, when these AuNPs are charged [5]. However, the inherent 

characteristics of the applied NPs could induce different toxic effects on cells due to 

several factors such as particle number and size, surface dose, surface coatings, 

degree of agglomeration, surface charges on particles and method of particle 

synthesis as well as post-synthetic modifications. During or after most forms of NP 

synthesis, the generated NPs are modified to prevent aggregation or induce 

disaggregation. The surface modification and surface charge can have a major 

impact on the biological response to various particles, therefore, the particle specific 

surface modification and the agents are an important factor that must be considered 

when choosing particular NPs [6]. 

The valuable characteristics of AuNPs make them suitable to act as plasmid DNA 

carriers and transfection enhancers. Similarly, magnetic NPs loaded with the nucleic 

acid of interest are used to increase transfection efficiency by applying magnetic 

force to the DNA-NP complexes. These magnetic DNA-NP complexes are drawn 

towards the outer cell membrane via magnetic force and are subsequently taken up 

by the cell via endocytosis.  

AuNPs can be generated using various methods, most of which rely on chemical 

reactions or gas pyrolysis, which carry the risk of agglomeration or contamination 

with impurities such as citrate and residual precursors like chloroauric acid [7].  

Pulsed laser ablation in liquids (PLAL) has been reported to present advantages in 

NP generation such as low restriction for the choice of the source material allowing 

the generation of highly pure colloidal particles [8]. The generated pure AuNPs with 

the oxidation states Au+ and Au+3 were reported to have a unique surface chemistry 

and to be free of stabilizers, as a result of the chemical composition of the liquid 

media used during synthesis [8]. This inherent charge given to these AuNPs, without 

adding a special coating that could have a potential cytotoxic effect make these NPs 

interesting for DNA-binding and cell transfection. Previous studies demonstrated that 

unmodified, circular, negatively charged DNA molecules adsorb easily onto these 

positively charged NPs [2]. Moreover, the incubation of these AuNPs with plasmid 

DNA did not alter the uptake of the vector through the plasma membrane in presence 

of a transfection reagent, and showed no apparent effect on the biological activity of 

the produced recombinant protein [9]. However, although AuNP approaches have 

gained popularity, the data concerning the toxic potential of these particles is still 
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marginal and the characterisation of the toxic potential of AuNPs in combination with 

complex DNA expression plasmids is mostly limited to model molecules.  

Herein, we analysed the transfection efficiency and cytotoxicity of different NP-

mediated transfection approaches after the transfection of a mammalian cell line with 

two different eukaryotic expression vectors encoding simultaneously for an 

expression protein (canine HMGB1 or equine IL-12) and the humanized renilla Green 

Fluorescent Protein (hrGFP). Results were compared to those obtained using a 

conventional standard transfection protocol (FuGENE HD, Roche, Mannheim, 

Germany).  

 

Results 

Transfection Efficiency 

Fluorescence Microscopy 

The uptake of plasmid DNA was primarily evaluated by comparing the GFP positive 

cells to the total quantity of cells showing blue DAPI fluorescence dye staining, thus 

attaining an estimate of the transfection efficiency. After 24h incubation, the 

transfection process both with the plasmid DNA and with the transfection reagents 

alone did not induce major negative effects on the cells. An exception to this was the 

addition of the Plano-AuNP to the cells, where 24h post-transfectional cells showed 

advanced apoptotic signs. The transfection efficiency of cells transfected with the 

Plano-AuNP, PLAL-AuNP Size 1 and Size 2 protocol was apparently higher than that 

achieved with the conventional FHD transfection reagent or with the magnetic 

transfection protocols (MATra-A, MA Lipofection) (Images not shown). 

Flow cytometry analysis of GFP expression 

The mean transfection efficiencies of the FHD transfection were 16.22% and 31.52% 

for pIRES-hrGFPII-eIL-12 (Figure 1; Table 1) and pIRES-hrGFPII-rHMGB1 (Figure 2; 

Table 1), respectively. 

When AuNPs (Plano-AuNP and PLAL-AuNPs Size 1 and 2) were added, transfection 

efficiencies were significantly increased for the pIRES-hrGFPII-eIL-12 vector, 

reaching an almost two fold increase with PLAL-AuNPs Size 2 and Plano-AuNP 

(FHD: 16.22%; PLAL-AuNPs Size 2: 27.80%; Plano-AuNP: 28.01%; Figure 1; Table 

1). For the pIRES-hrGFPII-rHMGB1 vector a slighter but still significant increase was 

observed when PLAL-AuNPs Size 1 and 2 were applied (FHD: 31.52%, PLAL-

AuNPs_S1: 46.33%, PLAL-AuNPs_S2: 50.56%; Figure 2; Table 1). 
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Table 1- Transfection efficiency 
GFP positive cells 24h after transfection with pIRES-hrGFPII-eIL-12 or pIRES-hrGFP-HMGB1. Results 
are expressed as mean ± SD. * p ≤ 0.05. 
 

pIRES-hrGFPII-eIL-12 pIRES-hrGFPII-rHMGB1  
GFP % GFP % 

FHD 16.22 ± 9.69            31.52 ± 4.33 
Plano®-AuNP     27.80 ± 3.90  *            22.93 ± 0.98  * 
PLAL-AuNP S1     28.01 ± 1.97  *            46.33 ± 2.07  *    
PLAL-AuNP S2     25.41 ± 2.22  *            50.56 ± 4.71  *    
MA Lipofection 18.11 ± 0.60            22.29 ± 1.36  * 
MATra-A 11.33 ± 1.30            16.24 ± 1.25  * 
MTH53A Cells   1.98 ± 0.17  1.15 ± 0.56  * 
 
 

Figure 1- Transfection efficiency and toxicity of pIRES-hrGFPII-eIL-12 
GFP- (■) and PI- (◊) positive cells 24h after transfection with pIRES-hrGFPII-eIL-12. Mean cell 
proliferation (▲) (48h and 72h after transfection with pIRES-hrGFPII-eIL-12). Each bar represents a 
mean ± SD. * p ≤ 0.05. 

pIRES_hrGFPII_eIL12

0 1 2 3 4 5 6 7 8 9 10 11 12
0

25

50

75

100
GFP%
PI%
Cell Proliferation

0
10

70

120

170

220

*
*
*

**   
  G

F
P

%
   

 P
I%

        M
axV

 B
lk370-492

F
H

D

P
la

no
®

-A
uN

P

P
L

A
L-

A
uN

P
 S

1

P
L

A
L-

A
uN

P
 S

2

M
A

 L
ip

of
ec

tio
n

M
A

T
ra

-A

M
T

H
53

A
 C

el
ls

*

pIRES_hrGFPII_eIL12

0 1 2 3 4 5 6 7 8 9 10 11 12
0

25

50

75

100
GFP%
PI%
Cell Proliferation

0
10

70

120

170

220

*
*
*

**   
  G

F
P

%
   

 P
I%

        M
axV

 B
lk370-492

F
H

D

P
la

no
®

-A
uN

P

P
L

A
L-

A
uN

P
 S

1

P
L

A
L-

A
uN

P
 S

2

M
A

 L
ip

of
ec

tio
n

M
A

T
ra

-A

M
T

H
53

A
 C

el
ls

pIRES_hrGFPII_eIL12

0 1 2 3 4 5 6 7 8 9 10 11 12
0

25

50

75

100
GFP%
PI%
Cell Proliferation

0
10

70

120

170

220

*
*
*

**   
  G

F
P

%
   

 P
I%

        M
axV

 B
lk370-492

F
H

D

P
la

no
®

-A
uN

P

P
L

A
L-

A
uN

P
 S

1

P
L

A
L-

A
uN

P
 S

2

M
A

 L
ip

of
ec

tio
n

M
A

T
ra

-A

M
T

H
53

A
 C

el
ls

*

 

Figure 2- Transfection efficiency and toxicity of pIRES-hrGFP-rHMGB1 
GFP- (■) and PI- (◊) positive cells 24h after transfection with pIRES-hrGFP-rHMGB1. Mean cell 
proliferation (▲) (48h and 72h after transfection with pIRES-hrGFP-rHMGB1). Each bar represents a 
mean ± SD. * p ≤ 0.05. 
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Toxicity Analyses  

Flow cytometry analysis with propidium iodide staining 

For the pIRES-hrGFPII-eIL-12 vector the mean propidium iodide percentages (PI%) 

of each protocol were similar to those reached by the cells transfected with the 

conventional FHD protocol. An exception was the Plano-AuNP protocol, showing a 

three-fold increase of the mean PI% to 35.43% when compared to the FHD protocol 

(9.69%; Figure 1; Table 2). 

Transfection of the pIRES-hrGFPII-rHMGB1 vector with the different protocols 

resulted in significantly higher PI% using the PLAL-AuNPs_S1 and _S2. The PLAL-

AuNPs_S1 (PI 26.45%) showed a PI% nearly twice that of the FHD protocol 

(13.75%; Figure 2; Table 2). 

 

Table 2- Transfection toxicity  
PI positive cells 24h after transfection with pIRES-hrGFPII-eIL-12 or pIRES-hrGFP-HMGB1. Results 
are expressed as mean ± SD. * p ≤ 0.05. 
 

pIRES-hrGFPII-eIL-12 pIRES-hrGFPII-rHMGB1  
PI % PI % 

FHD   9.69 ± 2.92 13.75 ± 1.35 
Plano®-AuNP      35.43 ± 5.53   * 12.56 ± 3.72 
PLAL-AuNP S1   8.65 ± 1.24      26.45 ± 2.93   * 
PLAL-AuNP S2   7.92 ± 0.49      19.37 ± 4.28   * 
MA Lipofection   5.56 ± 1.43 12.67 ± 1.33 
MATra-A   13.6 ± 3.74   7.25 ± 0.29 
MTH53A Cells   1.14 ± 0.17   1.01 ± 0.28 
 

 

Proliferation Assay 

The effect of the different transfection protocols on cell vitality was investigated by 

determining cell proliferative activity with a standard proliferation test (Cell 

Proliferation ELISA BrdU (colorimetric), Roche Diagnostics, Mannheim, Germany). 

The BrdU incorporation assayed 48h after transfection was significantly reduced 

when pIRES-hrGFPII-eIL-12 was transfected using the Plano-AuNP and the PLAL-

AuNPs_S2 protocol. Seventy-two hours after transfection, a decreased BrdU 

incorporation was observed in the Plano-AuNP and in the FHD transfection protocols 

(Figure 1; Table 3). The pIRES-hrGFPII-rHMGB1 transfections showed a significantly 

reduction in incorporation of BrdU 48h after transfection using the PLAL-AuNPs_S1 

protocol. Similar results were observed for the FHD and Plano-AuNP protocols 72h 

post transfection (Figure 2; Table 3). 
 



RESULTS I 

 

27 

Table 3- Cell proliferation after transfection  
Cell proliferation 48h and 72h after transfection with pIRES-hrGFPII-eIL-12 or pIRES-hrGFP-HMGB1. 
Results are expressed as mean absorbance values ± SD. * p ≤ 0.05. 
 

 pIRES-hrGFPII-eIL-12 pIRES-hrGFPII-rHMGB1 
 48 h 72 h 48 h 72 h 
FHD 172.57 ± 53.44 111.06 ± 18.72* 201.13 ± 52.57   91.23 ± 1.04* 
Plano®-AuNP   72.99 ± 39.32*   64.65 ± 14.19* 154.49 ± 28.71   83.81 ± 8.34* 
PLAL-AuNP S1 126.19 ± 41.31 174.86 ± 18.54 103.00 ± 21.84* 193.48 ± 14.05
PLAL-AuNP S2   98.95 ± 25.09* 200.93 ± 7.52 140.53 ± 30.20 196.35 ± 15.79
MALipofection 132.24 ± 21.05 153.30 ± 12.38 153.17 ± 47.41 179.62 ± 24.20
MATra-A 165.15 ± 42.89 145.88 ± 40.31 143.72 ± 22.50 153.77 ± 13.07
MTH53A Cells 191.84 ± 25.75 188.01 ± 20.11 185.07 ± 21.15 178.11 ± 21.01
 

Protein Expression 

Protein expression detection via immunofluorescence 

Control cells showed only background staining, whereas cells transfected with 

pIRES-hrGFPII-eIL-12 revealed a diffuse accumulation of eIL-12 protein in the 

cytoplasm and nuclei (Figure 3; a-c). Cells transfected with pIRES-hrGFPII-rHMGB1 

showed a concentration of HMGB1 protein located in the nuclei (Figure 3; d-f). 

Transfection of the cells with the pIRES-hrGFPII-eIL-12 or the pIRES-hrGFPII-

rHMGB1 vector led to the expression of biological functional recombinant proteins 

localized in their final destination.  

The transfections using both gold NP and Ma Lipofection protocols in combination 

with pIRES-hrGFPII-rHMGB1 showed a HMGB1 protein expression similar to the 

FHD protocol (Figure 4).  
 

Figure 3- Immunofluorescence 24h after transfection. 
pIRES-hrGFPII-eIL-12 transfection with the FHD protocol, primary antibody goat IgG anti-p35 and a 
donkey anti-goat secondary antibody (Texas Red fluorochrome). (a) GFP and Red Fluorescence 
merged image, (b) GFP Fluorescence and (c) Red Fluorescence images. Scale bar 50 µm. 
pIRES-hrGFP-HMGB1 transfection with the FHD protocol, primary antibody mouse anti-HMGB1 and 
secondary antibody goat anti-mouse (Texas Red fluorochrome). (d) GFP and Red Fluorescence 
merged image, (e) GFP Fluorescence and (f) Red Fluorescence images. Scale bar 75 µm. 
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Figure 4- Immunofluorescence 24h after NP-mediated transfection. 
pIRES-hrGFP-HMGB1 transfection with NP-mediated protocols. Plano-AuNP (a, b, c), PLAL-AuNP 
Size 2 (d, e, f), and MA Lipofection (g, h, i)). Primary antibody: mouse anti-HMGB; secondary 
antibody: goat anti-mouse (Texas Red fluorochrome). a, d, g: GFP and Red Fluorescence merged 
image; b, e, h: GFP Fluorescence and (c, f, i) Red Fluorescence images. Scale bar 75 µm. 
 

 

 

Figure 5- Vital cells after transfection 
Number of vital MTH53A cells (GFP positive cells minus PI positive cells) 24h after transfection with 
pIRES-hrGFP-eIL12 ( ) or pIRES-hrGFP-rHMGB1 (■). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RESULTS I 

 

29 

Figure 6- Size distribution of pulsed laser ablation in liquid generated AuNPs  
Size distribution (Feret diameter) of PLAL-AuNP size 1 (hydrodynamic sizes d50=28.5 nm and 
d90=43.4 nm, Feret diameter: 14±3 nm) and size 2 (hydrodynamic sizes d50=52.4 nm and 90=78.6 
nm, Feret diameter: 41±8 nm). 

 

Discussion 

Advances in immunology and cancer research would benefit from improved 

transfection efficiencies, high reproducibility and low toxicity of the required 

transfection approach. High transfection efficiency for plasmid DNA delivery into cells 

is still an important issue in gene therapy. Thus, a number of different approaches 

have been used to increase efficiency [10-12]. Unfortunately, the majority of the 

studies involving transfection of mammalian cells with non-viral vectors primarily 

assess transfection efficiency, lacking toxicity data. Therefore, the present study 

compared several NP-mediated transfection protocols in which plasmid DNA vectors 

were transfected into a mammalian cell line and the transfection efficiency and 

cytotoxicity of each protocol was analysed after transfection.  

The addition of AuNPs (PLAL-AuNPs_S1 and _S2 and Plano-AuNPs) to the pIRES-

hrGFPII-eIL-12 transfection protocols significantly increased transfection efficiency 

(FHD: 16%; AuNP transfection efficiency mean: 28%; p=0.05). Compared to this, the 

magnet-assisted protocols did not improve the transfection efficiency of pIRES-

hrGFPII-eIL-12, resulting in values similar to the FHD protocol. An increase of the 

transfection efficiency for the pIRES-hrGFPII-rHMGB1 was only detectable with the 
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PLAL-AuNPs (FHD: 31%; PLAL-AuNPs_S1: 46%; PLAL-AuNPs_S2: 50%; p=0.05). 

As for pIRES-hrGFPII-eIL-12, with the recombinant pIRES-hrGFPII-rHMGB1 vector 

no improvement of transfection efficiency was achieved through the use of the 

magnet-assisted transfection protocols. On the contrary, the efficiency was 

significantly lower when compared to the conventional FHD protocol.  

Remarkably, the AuNP-mediated transfection efficiencies achieved in this study are 

higher than those reported by Schakowski et al. (2001) [12] in which a colon 

carcinoma cell line was transfected with minimal size gene transfer (MIDGE) vectors 

and corresponding plasmids (containing coding sequences for eGFP or human IL-2). 

Here, the transfection efficiency was up to 36% (MIDGE Vectors) and 33% (plasmid 

vectors) respectively [12]. A previous study by Petersen et al. (2009) [2] reported an 

apparent increase of the transfection rates when the biocompatibility of PLAL-AuNPs 

was analysed. The transfection reactions with plasmid DNA and PLAL-AuNPs of 

different hydrodynamic size classes (14, 24, 59 and 89 nm) showed transfection 

efficiencies ranging from 10 to 60%, reaching the highest efficiency using a NP size 

of 59 nm [2]. With regard to the many potential applications of these PLAL-AuNPs in 

the fields of research and therapy, the promising results described above indicated 

the necessity of analysing the definitive transfection efficiencies and the possible 

cytotoxicity of PLAL-AuNPs. Two of the former four PLAL-AuNPs size classes were 

selected for our experiments based on the results of Petersen et al. [2]. The chosen 

AuNP sizes should be considered relevant to the transfection outcome. The results of 

Chithrani et al. [13] showed that for mammalian cells (HeLa) the maximum uptake of 

spherical and rod-shaped AuNPs, in a size range of 10-100 nm (fully or partially 

modified by citric acid ligands), was reached with the 50 nm AuNPs (Feret diameter). 

The transfection efficiencies for both expression vector constructs used in our study 

were similarly affected by the different protocols applied. The overall higher 

transfection efficiencies attained using the pIRES-hrGFPII-rHMGB1 vector could be 

explained due to the different vector and insert sizes. The pIRES-hrGFPII-rHMGB1 

vector has a size of 5531 bp whereas pIRES-hrGFPII-eIL-12 has a molecular length 

of 7709 bp. Such size mediated effects in transfections were studied by Yin et al. 

(2005) [14]. They demonstrated an inverse correlation between the construct size 

and the promoter/enhancer activity measured by the dual luciferase system in a 

transient transfection assay of mammalian cells. Larger plasmid or recombinant 



RESULTS I 

 

31 

plasmid constructs resulted in lower transfection efficiencies than when smaller ones 

were used [14]. 

In the present study, in contrast to our expectation, the magnet-assisted protocols 

using magnetic nanoparticle-mediated DNA-uptake did not increase the transfection 

ratio of pIRES-hrGFPII-eIL-12, resulting in transfection efficiencies and PI% 

comparable to those achieved by the FHD protocol. When pIRES-hrGFPII-rHMGB1 

was transfected, the efficiency was significantly lower than that reached with the 

conventional FHD protocol, but with significantly lower toxicity results. A study by 

Bertram [3] suggested that the directed delivery of the cargo (e.g. DNA) towards the 

cells applying magnet-assisted transfection technology may increase the overall 

transfection efficiency depending on the cell type used. Although an improvement of 

the transfection efficiency could not be observed using the magnet-assisted protocol, 

it is important to highlight that as published by Renker et al. [15], in our study, when 

pIRES-hrGFPII-rHMGB1 was transfected using the MATra-A transfection protocol, a 

significantly low PI% and a cell proliferation similar to non-transfected control cells 

was detected. This attribute of the MATra-A protocol should be taken into 

consideration when gentler transfection methods on sensitive cells are required.  

The protein expression results for canine HMGB1 and eIL-12 show that the protein 

expression is sufficient. After transfection, the expression of simple proteins as GFP 

and the nuclear acting HMGB1 and of complex proteins consisting of two separate 

subunits as IL-12 is possible. Furthermore, the addition of NP or magnetic reagent to 

the pIRES-hrGFPII-rHMGB1 transfections did not interfere with protein expression as 

shown in figure 4. 

Even though the use AuNPs improved the transfection efficiency achieved in this 

study, the required amount of reagent and type of enhancers (e.g. AuNPs) must be 

considered specifically for each cell type and vector in order to achieve an 

appropriate recombinant vector expression without incurring cell toxicity. Despite the 

potential benefits of the AuNPs described, the safety of their use in biological 

organisms has to be evaluated in full. In this study, when the pIRES-hrGFPII-eIL-12 

vector was transfected, the addition of the ligand-free PLAL-AuNPs (S1 and S2) had 

no significant toxic effect on the cells. Nevertheless, when commercially purchased 

poly-L-lysine-coated colloidal gold NPs (Plano-AuNP) were applied, an increased 

PI% and decreased cell proliferation could be observed confirming a toxic effect of 

these particle formulations on cell vitality. For the pIRES-hrGFPII-rHMGB1 
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transfections a significantly higher PI% was measured when PLAL-AuNPs (S1 and 

S2) were applied. This was not supported by the cell proliferation analysis where a 

NP-mediated toxic effect was observed neither 48h nor 72h after transfection. 

The potential toxicity of AuNPs has been an issue in previous studies [4, 16-18]. 

Recently, the uptake of ligand-free positively charged gold NPs during coincubation 

with a bovine cell line (GM7373) occurred apparently by diffusion [19]. At the same 

time, the assessment of cell morphology, membrane integrity, and apoptosis 

revealed no AuNP-related loss of cell vitality at gold concentrations of 25 M or 

below, and no cytotoxic effect was observed in a proliferation assay after exposing 

low cell numbers to the same PLAL-AuNP concentrations [19]. Interestingly, cell 

proliferation was reduced when cells were coincubated with ligand-free gold NPs 

concentrations of 50 M and above [19]. Although, AuNP cytotoxicity was not the aim 

of the study by Petersen et al. [2], they observed that the PLAL-AuNP application 

apparently had no cytotoxic effect, since normal cell density and appearance in all set 

ups was similar prior- and posttransfectional. In this context, Shukla et al. (2005) [20] 

concluded that chemically synthesized AuNPs (35±7 Å in size, Feret diameter) are 

inert and nontoxic to the cells and that no stress-induced secretion of 

proinflammatory cytokines as TNF-α and IL-1β by macrophage cells (RAW264.7) 

was detectable.  

In our study, the average PI% of the transfected cells (12.3% for pIRES-hrGFPII-eIL-

12; 13.9% for pIRES-hrGFPII-rHMGB1) can be compared with the 10-20% reported 

by Schakowski et al. [12] after the transfection of a colon carcinoma cell line with 

plasmid and MIDGE vectors. Regarding the size of NPs in relation to cell toxicity, 

Pernodet et al. (2006) [21] demonstrated that 13 nm AuNPs (Feret diameter) 

generate apoptosis and morphological deformation at 2-6 days in CF-31 human 

dermal fibroblast cells. Additionally, Pan et al. (2007) [16] reported that AuNPs with a 

diameter of 2 nm or less (Feret diameter) were cytotoxic for different cell lines 

(termed HeLa, SK-Mel28, L929 mouse fibroblasts and J774A1 mouse 

monocytic/macrophage cells), whereas 15 nm AuNPs were nontoxic to the cells. 

These NP size dependent results could be due to the larger surface area per unit 

mass of smaller sized NPs. Related to this, particle toxicology suggests that, for toxic 

particles generally, more particle surface equals more toxicity [6]. 

Interestingly, the significant toxicity we observed when using the 20 nm Plano-AuNP 

(with pIRES-hrGFPII-eIL-12) differs from the recent study by Brandenberger et al. 
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[22]. They applied similar commercially available aqueous colloidal AuNPs, 15 nm in 

size and coated with poly-L-lysine. The AuNPs entered the cells, but no cytotoxic 

effects of these AuNPs were observed [22]. These results suggest that possibly the 

poly-L-lysine coating does not induce a direct toxic effect on cells, although impurities 

in the AuNP colloid formulations are supposed to increase the toxicity compared to 

pure AuNPs.  

The results presented herein suggest that further use of each protocol should be 

evaluated under consideration of the transfection efficiency results together with the 

toxicity results. To do so, we subtracted the PI% from the total number of GFP 

positive cells (Figure 5). For the pIRES-hrGFPII-eIL-12 transfections, this calculation 

showed that even though the Plano protocol generated almost the highest 

transfection efficiency, the outcome was not as good when considered in combination 

with the cell toxicity results. In contrast, the PLAL-AuNP_S1 protocol provided the 

best overall (combined) results. For the pIRES-hrGFPII-rHMGB1 transfections the 

use of the PLAL-AuNPs_S2 protocol showed the highest efficiency and just a slightly 

increased toxicity, making this protocol the one with the best final outcome. 

Hence, both test series (Figure 1 and 2, Table 1) indicate that AuNPs, in particular 

the physically made pure colloids, are able to significantly increase transfection 

efficiency and that a trade-off in cell vitality becomes significant in particular with the 

chemically made AuNPs. The residual nanoparticle ligands of these NPs may play an 

unintended, yet underestimated role in NP-mediated cellular uptake. However, further 

studies with different cell lines and expression vectors should be performed to be 

able to decide if the observed cytotoxic effects can be explained by simple NP cell 

intolerance or by incompatibility of the cells with the transfected recombinant vector 

or the expressed recombinant protein. 

Conclusions 

Transfection efficiency of plasmid DNA vectors can be significantly improved by the 

addition of ligand-free PLAL-AuNPs (29 nm and 52 nm in size) to conventional 

transfection reagents like FuGENE HD. Cell vitality was negatively affected mainly by 

the addition of chemically generated AuNPs (Plano-AuNPs), but also slightly by 

physically made AuNPs (PLAL-AuNPs_S1) resulting in increased cytotoxic effects 

and reduction of cell proliferation. Among the transfection methods investigated 

comparatively in this study, 29nm AuNPs made by PLAL span the widest window in 

terms of high transfection efficiency with minimized trade-off in vitality.  
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Methods 

Mammalian expression vectors 

Two different mammalian expression vectors simultaneously encoding for an 

expression protein (canine HMGB1 (HMGB1) or equine IL-12 (eIL-12)) and the 

hrGFP were constructed. The expression of the inserted genes of interest can be 

assessed by the simultaneous but separate expression of hrGFP due to a bicistronic 

expression cassette in the respective pIRES-hrGFPII plasmids used here. 

Accordingly, the successful transfection of the cells may be analysed using GFP-

based fluorescence microscopy as well as flow cytometry. The used vectors differ in 

that, apart from the GFP, the HMGB1 vector encodes a single chain protein, while 

the IL-12 vector encodes a complex protein consisting of two different subunits which 

are posttranslationally processed by the cell to a joint complex. Thus, a successful 

assembling of recombinant IL-12 is dependent on the ability of the transfected cell to 

correctly process complex posttranslational protein modifications. 

pIRES-hrGFPII-eIL-12 

DNA encoding for eIL-12 (Vetsuisse-Faculty, University of Zurich) was amplified by 

PCR (primer pair: NotI_IL-12_f 5’-CGGCGGCCGCATATGTGCCCGCCGCGC-3’ 

(forward primer); NotI_IL-12_r 5’-CGGCGGCCGCAACTGCAGGATACGG-3’ (reverse 

primer)). The DNA contains the p35 and p40 IL-12 subunit cDNAs (p35: Acc. No. 

Y11129; p40: Acc. No. Y11130) separated by an IRES element, both IL-12 subunits 

are translated separately and then processed by the cell to a joint complex. The PCR 

products were separated on a 1.5% agarose gel, eluted using QIAquick Gel 

Extraction Kit (QIAGEN, Hilden, Germany), and cloned into the bicistronic pIRES-

hrGFPII mammalian expression vector (Stratagene , La Jolla, CA, USA). Verification 

of the constructed plasmid was done by NotI restriction digest and sequencing.  

pIRES-hrGFPII-rHMGB1 

For construction of the pIRES-hrGFPII-rHMGB1 expression plasmid, the canine 

HMGB1 coding sequence (Acc. No. AY135519) without the terminal stop codon was 

inserted into the bicistronic pIRES-hrGFP II vector (Stratagene, La Jolla, CA, USA). 

Expression of the inserted HMGB1 coding sequence results in an HMGB1 fusion 

protein with a recombinant short 3xFLAG peptide sequence at its C-terminal part 

(rHMGB1).  

The following primer pair was used for PCR-amplification: EcoRI-B1-CFA-Fwd 

(5’-GGAATTCCACCATGGGCAAAGGAGA-3’; forward primer) and 
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NotI-B1-CFA-Rev/-TAA (5’-AAGAATGATGATGATGAAGCGGCCGCGC-3’, reverse 

primer).  

The amplified PCR product was separated on a 1.5 % agarose gel, purified using 

QIAquick Gel Extraction Kit (QIAGEN, Hilden, Germany) and ligated into the pIRES-

hrGFPII vector plasmid (Stratagene, La Jolla, CA). Verification of the constructed 

plasmid was done by NotI/EcoRI double restriction digest and sequencing.  

 

Cell culture and in vitro transfection assays 

The MTH53A canine mammary cell line used for the experiments was derived from 

epithelial healthy canine mammary tissue. 

Eight hours prior to the transfection, 3×105 MTH53A cells were seeded in 6-well 

plates with 2 ml cell culture medium. The cells were grown as adherent cultures in a 

humidified atmosphere at 37°C and 5% CO2 in complete medium 199 (medium 199; 

Invitrogen, Karlsruhe, Germany) supplemented with 10% heat-inactivated fetal calf 

serum (PAA Laboratories GmbH, Pasching, Austria), 200 U/ml penicillin and 200 

ng/ml streptomycin (Biochrom AG, Berlin, Germany)).   

For transfection the following different protocols were applied in triplicate: 

1) FHD: 5 µL of FuGENE HD (FHD, Roche, Mannheim, Germany) were added to 2 

µg of pIRES-hrGFPII-eIL-12 or pIRES-hrGFPII-rHMGB1 at a total volume of 100 µL 

ddH2O, incubated for 10 minutes at room temperature and added to the seeded cells.  

2) Plano-AuNP (EM CGC20, 20 nm; Plano GmbH, Wetzlar, Germany): 20 µL of 

Plano-AuNP were incubated for 24h at room temperature with 2 µg of pIRES-

hrGFPII-eIL-12 or pIRES-hrGFPII-rHMGB1 at a total volume of 95 µL ddH2O. For 

transfection 5 µL aliquots of FHD reagent (Roche, Mannheim, Germany) were added 

to 95 µL of the AuNP / vector suspension, incubated for 10 minutes at room 

temperature and added to cell cultures. 

3) PLAL-AuNP size 1 (d50=28.5 nm and d90=43.4 nm hydrodynamic sizes; 14±3 nm 

Feret diameter (Figure 6)) and size 2 (d50=52.4 nm and d90=78.6 nm hydrodynamic 

sizes; 41±8 nm Feret diameter (Figure 6)): The PLAL-AuNP suspensions were 

sterilized by filtration through a 0.2 µm filter device (Millex-GV Sterilizing Filter Unit, 

Millipore, Billerica, USA). Subsequently, 20 µL of each sized AuNPs were incubated 

for 24h at room temperature with 2 µg of pIRES-hrGFPII-eIL-12 or pIRES-hrGFPII-

rHMGB1 at a total volume of 95 µL of ddH2O. For transfection 5 µL aliquots of FHD 

reagent (Roche, Mannheim, Germany) were added to 95 µL of the AuNP / vector 
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suspension, incubated for 10 minutes at room temperature and added to cell 

cultures. 

3.1) Nanoparticle generation: AuNPs were generated by pulsed laser ablation in 

liquid (PLAL) [9]. The beam of a femtosecond laser system (Spitfire Pro, Spectra-

Physics), delivering 120 fs laser pulses at a wavelength of 800 nm was focused with 

a 40 mm lens on a 99.99 % pure gold target placed at the bottom of a Petri dish filled 

with 2 mL of ddH2O. Pulse energy of 200 µJ at 5 kHz repetition rate was employed 

for 12 minutes of irradiation. The target position was set 4 mm or 2 mm below the 

determined focal point in air, in order to obtain colloidal suspensions containing 

AuNPs with mean hydrodynamic diameters of dh = 29 nm (size 1) and dh = 52 nm 

(size 2), respectively. The remaining small particles were removed by centrifugation. 

Characterisation of NP colloids was performed by dynamic light scattering using a 

Malvern Zetasizer ZS and by UV-Vis spectroscopy using a Shimadzu 1650.  

4) Magnet-assisted transfection: (MA Lipofection & MATra-A): 

4.1) MA Lipofection: 5 µL of FHD (Roche, Mannheim, Germany) were added to 2 µg 

of pIRES-hrGFPII-eIL-12 or pIRES-hrGFPII-rHMGB1 to a total volume of 97 µL 

ddH2O and incubated for 10 minutes at room temperature. Afterwards, 3 µL of MA 

Lipofection enhancer (PromoKine, Heidelberg, Germany) were added and incubated 

at room temperature for 15 minutes. 

4.2) MATra-A: 3 µL of the magnetic reagent MATra-A (PromoKine, Heidelberg, 

Germany) were added to 2 µg of pIRES-hrGFPII-eIL-12 or pIRES-hrGFPII-rHMGB1 

to a total volume of 97 µL of complete medium 199 (without FCS) and incubated for 

15 minutes at room temperature. 

For MATra-A and MA Lipofection, after final incubation, the 100 µL suspension was 

added to the cell cultures and each of the 6-well plates were placed on a magnetic 

plate at 37°C and 5% CO2 for 15 minutes (Universal Magnet Plate; PromoKine, 

Heidelberg, Germany). Afterwards, the plate was removed.   

After each transfection, cells were incubated for 24 hours in complete medium 199 at 

37°C and 5% CO2.  

For each protocol the incubation of cells with the transfection reagents and without 

DNA was considered as the negative control. 

The plasmid DNA uptake of pIRES-hrGFPII-eIL-12 and pIRES-hrGFPII-rHMGB1 was 

verified by fluorescence microscopy and measured by flow cytometry (FACSCalibur 

flow cytometer).  
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Each protocol was performed in triplicate.  

Results are expressed as means. 

 

Transfection Efficiency Analyses 

Fluorescence Microscopy 

Transfected cells were fixed in a 4% paraformaldehyde/PBS solution for 15 minutes 

at room temperature. After fixation 10 µL of Vectashield Mounting Medium with DAPI 

(4’-6-diamidino-2-phenylindol, Vector Laboratories, Burlingame, CA, USA) was 

applied for fluorescent visualization of nucleic DNA. Fluorescence microscopy was 

performed using an Axio Imager.Z1 fluorescence microscope (Carl Zeiss 

MicroImaging GmbH, Jena, Germany) and images were recorded using the 

AxioVision Software (Rel. 4.7). The hrGFP fluorescence was measured employing 

wavelength filter set 10 (Carl Zeiss MicroImaging, Goettingen, Germany), while DAPI 

fluorescence was measured employing wavelength filter set 2.  

Flow cytometry 

GFP expression of the transfected cells was analysed measuring green fluorescence 

by flow cytometry in order to determine the transfection efficiency of each protocol. 

Cells were trypsinized for 3–5 min, washed with PBS, resuspended in the medium, 

and measured with a FACScan flow cytometer (Becton, Dickinson and Company, 

Heidelberg, Germany). Fluorescence intensities were analysed with Cell Quest 

software (Becton, Dickinson and Company, Heidelberg, Germany). The percentage 

of positive cells was assessed comparing dot plot analysis of the transfected cells to 

cells incubated only with transfection reagent with or without the addition of NPs 

(depending of the protocol used). 

Results are expressed as percentage of positive cells, as indicator for transfection 

efficiency. 

The transfection efficiency results of each protocol were finally compared with those 

of the conventional FHD protocol.  

 

Toxicity Analyses 

Flow cytometry 

Propidium iodide (PI) staining was used to identify the cell death percentage after 

transfection. Cells were trypsinized, resuspended in complete medium 199 and PI (5 

µg/mL) was added. The cytometry analysis was performed using a FACSCalibur 
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device (Becton, Dickinson and Company, Heidelberg, Germany) with Cell Quest 

software (Becton, Dickinson and Company, Heidelberg, Germany). Thereafter, the 

cells were assessed for PI florescence by dot plot analysis and compared to cells 

incubated only with transfection reagent with or without the addition of NPs 

(depending of the protocol used).  

Results are expressed as percentage of positive cells. 

The toxicity results of each protocol were compared with those of the conventional 

FHD protocol.  

Proliferation Assay 

Proliferation of cells in response to each transfection protocol was evaluated using a 

colorimetric cell proliferation ELISA (Roche Applied Science, Mannheim, Germany) 

which measures the incorporation of 5-bromo-2-deoxyuridine (BrdU), a thymidine 

analogue, into DNA by ELISA using an anti-BrdU monoclonal antibody.  

Eight hours prior to transfection, 1.5×104 MTH53A cells were placed in 96-well 

plates. Cells were grown at 37°C and 5% CO2 in complete medium 199 (Invitrogen, 

Karlsruhe, Germany) supplemented with 10% heat-inactivated FCS (PAA 

Laboratories GmbH, Pasching, Austria), 200 U/ ml penicillin and 200 ng/ml 

streptomycin (Biochrom AG, Berlin, Germany). Each protocol was performed in 

triplicate as explained above. The proliferation assay was carried out according to 

manufacturer’s recommendations (Cell proliferation ELISA, colorimetric, Cat. No. 

11647229001, Roche Applied Science, Mannheim, Germany). The reaction products 

were quantified by measuring the absorbance at 370 nm (reference wavelength 492 

nm) using a scanning multiwell spectrophotometer equipped with the analysis 

software Gen 5 (Synergy HT multi-mode microplate reader, BioTek Instruments Inc., 

Bad Friedrichshall Germany). The absorbance results directly correlate to the amount 

of DNA synthesis and hereby to the number of proliferating cells.  

Results are expressed as mean absorbance values. 

The proliferation results of each protocol were compared to those of non-transfected 

cells.  

 

 

Protein Expression 

To confirm biological functionality of the expressed proteins, immunofluorescence 

directed against eIL-12 and canine HMGB1 was performed after transfection. 
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Equine IL-12 

The expression of eIL-12 was evaluated in MTH53A cells. Eight hours prior to 

transfection 3×105 MTH53A cells were seeded in 6-well plates. Cells were grown 

under standard conditions as described above. Transfection was performed as 

explained for the FHD protocol. Subsequently, 24h after transfection cells were fixed 

in a 4% paraformaldehyde/PBS solution for 20 minutes at room temperature, 

permeabilized and blocked. Immunofluorescence was performed using a goat IgG 

anti-p35 polyclonal primary antibody (IL-12 p35, sc-1280, Santa Cruz Biotechnology, 

Inc.; Santa Cruz, CA, USA; dilution 1:40) and a donkey anti-goat secondary antibody 

(IgG-TR, sc-2783; Santa Cruz Biotechnology, Inc.; Santa Cruz, CA; dilution 1:180). 

Fluorescence microscopy was carried out using a Leica DMI 6000 fluorescence 

microscope (Leica Microsystems GmbH, Wetzlar Germany). 

Canine HMGB1 

The expression of HMGB1 was also evaluated in MTH53A cells. Cells were prepared 

as described for the eIL-12 expression. Twenty four hours after transfection with four 

different protocols (FHD, Plano-AuNP, PLAL-AuNP_S2 and Ma Lipofection), 

immunofluorescence was performed using an anti-HMGB1 mouse monoclonal 

antibody (HMGB1 antibody [HAP46.5], ab12029-100, Abcam, Cambridge, UK; 1:60) 

and a goat anti-mouse antibody (DyLightTM 549-TFP ester, Code Nr. 115-505-062, 

Jackson ImmunoResearch, West Grove, PA, USA; dilution 1:220). Fluorescence 

microscopy was also performed as described above. 

Statistics 

Results are presented as mean ± standard deviation. Statistical significance was 

determined using the 1-tailed Wilcoxon-Mann-Whitney test. Differences were 

considered statistically significant for p ≤ 0.05. 
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IV RESULTS II:  

Establishment and evaluation of a bead-based Luminex assay 
allowing simultaneous quantification of equine IL-12 and IFN-
gamma 
 
 
Durán et al., BMC Veterinary Research Journal, Manuscript ID:8969527257640014, 
under review. 
 
 
In horses, a method for accurate simultaneous quantification of IL-12 and IFN-

gamma, key cytokines in immune-mediated melanoma therapy, is currently missing. 

Herein we evaluated several antibodies for cross reactivity against equine IL-12 and 

IFN-gamma and established of a bead-based Luminex assay allowing accurate 

detection of this equine cytokines. These verified assays were subsequently used to 

quantify separately and simultaneously equine IL-12 and IFN-gamma concentrations 

in biological samples as stimulated PBMC supernatants, lysates/supernatants of 

transfected cells and equine serum.  

The achieved cytokine detection ranged from 31.5-5000 pg/ml and 15-10000 pg/ml 

for equine IL-12 and IFN-gamma, respectively. IL-12 could be accurately detected in 

supernatants of stimulated PBMCs as well as in supernatants/cell lysates of IL-12-

expression-plasmid transfected cells expressing recombinant IL-12. Additionally the 

accurate detection of equine IL-12 in serum samples could be analysed resulting in 

1374±8 pg/ml. The bead-based detected IFN-gamma concentrations in supernatants 

of stimulated PBMCs were comparable to the concentrations detected by anti-

equine-IFN-gamma ELISA analyses.  
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Hugo Murua Escobar 

 

BMC Veterinary Research Journal, Manuscript ID:8969527257640014, under review. 
 

Abstract  

Background 

In veterinary medicine cytokine profiling is hampered by the absence of 

conventionally available species-specific antibodies. In horses, a method for accurate 

simultaneous quantification of IL-12 and IFN-gamma, key cytokines in immune-

mediated melanoma therapy, is currently missing. Herein we evaluated several 

antibodies for cross reactivity against equine IL-12 and IFN-gamma and established 

of a bead-based Luminex assay allowing accurate detection of this equine cytokines. 

These verified assays were subsequently used to quantify separately and 

simultaneously equine IL-12 and IFN-gamma concentrations in biological samples as 

stimulated PBMC supernatants, lysates/supernatants of transfected cells and equine 

serum.  

Results 

The achieved cytokine detection ranged from 31.5-5000 pg/ml and 15-10000 pg/ml 

for equine IL-12 and IFN-gamma, respectively. IL-12 could be accurately detected in 

supernatants of stimulated PBMCs as well as in supernatants/cell lysates of IL-12-

expression-plasmid transfected cells expressing recombinant IL-12. Additionally the 

accurate detection of equine IL-12 in serum samples could be analysed resulting in 

1374±8 pg/ml. The bead-based detected IFN-gamma concentrations in supernatants 

of stimulated PBMCs were comparable to the concentrations detected by anti-

equine-IFN-gamma ELISA analyses.  

Conclusions 

The presented results demonstrate for the first time that cross reactive antibody pairs 

against equine IL-12 and IFN-gamma can be used for accurate simultaneous 

multiplexed quantification of these equine key cytokines by Luminex bead-based 

technology in biological samples.  
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Using this new diagnostic tool, two of the main cytokines involved in IL-12-mediated 

equine melanoma therapy can now be accurately evaluated for monitoring and 

determination of therapeutic effects and used for further development and 

improvement of therapeutic approaches.  

 

Background  

In horses studies targeting equine melanoma therapy using cytokines as interleukin 

12 (IL-12) have shown some promising results. The direct intratumoral injections of 

IL-12 plasmid DNA into spontaneously developed equine melanomas led to tumor 

size regression, infiltration of inflammatory cells and even complete regression in 

some equine patients (L. M. HEINZERLING et al. 2001; MÜLLER et al. 2011a). 

Müller et al. assessed indirectly in vitro the IL-12 expression of transfected cells with 

equine IL-12 encoding vectors. The authors determined the ability of the 

supernatants of transfected cells to induce IFN-gamma (IFN-gamma) expression in 

equine PBMCs -by measuring the IFN-gamma expression via RT-PCR- finding an 

increased IFN-gamma production in PBMCs stimulated with transfection 

supernatants (MÜLLER et al. 2011a). Additionally, the IFN-gamma mRNA expression 

was found to be increased in biopsies of equine melanomas treated intratumorally 

with equine IL-12 coding vectors (MÜLLER et al. 2011b). These studies analysed the 

induced cytokine effects indirectly by the evaluation of tumor sizes, biopsies and in 

vitro PBMC stimulation while a direct quantitative analysis of the acting cytokines IL-

12 and IFN-gamma could not be performed due to missing options for an accurate 

estimation of the present protein concentration. However, to further understand and 

improve IL-12 mediated therapeutic approaches targeting equine melanoma, an 

assay that allows direct or indirect measuring of the actual concentration of equine IL-

12 in serum or plasma of treated patients is precondition. IL-12 and IFN-gamma are 

considered to be the major cytokines for promoting Th1 differentiation and therefore 

crucial in immune mediated tumor therapeutic approaches. Currently specific 

functional enzyme linked assays for equine IL-12 and IFN-gamma are not available. 

Immune-mediated assays (ELISAs, Western blotting) depend on the availability of 

species-specific monoclonal antibodies (mAb). Generally, in veterinary medicine 

cytokine research is hampered by the lack of specific mAbs. Polyclonal antibodies 

may be used as well, but have disadvantages, such as generating less specific 

staining patterns and higher background signals. Furthermore, antibodies developed 
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for Western blotting often only react with denatured epitopes and therefore do not 

work in flow cytometry, where the specific antibody binding depends on the ability to 

detect the native protein (PEDERSEN et al. 2002). As long as the species-specific 

mAb are hardly available, mAbs showing cross species reactivity with the desired 

target are a useful tool. Up to date no species-specific mAbs against equine IL-12 or 

IFN-gamma have been described in the literature.  

Considering the synergetic effects of IL-12 and IFN-gamma in the Th1 immune 

response and immune mediated tumor therapy, an assay allowing the direct and 

simultaneous measurement of actual concentrations of equine IL-12 and IFN-gamma 

would be of major value.  

The bead-based Luminex technology has been applied to different types of samples 

to detect soluble analytes, such as cytokines, especially in human research. This 

technology uses fluorescent antibody-coupled beads that detect soluble analytes in 

various biological samples (e.g. serum, culture supernatants). Each bead set can be 

coated with a reagent specific to a particular target (assay), to detect a particular 

analyte in the analysed sample. The respective bead specific fluorescent dyes are 

excited by lasers in the Luminex analyzer allowing the independent specific detection 

of each bead and also any reporter dye captured during the assay. Multiple readings 

are made on each bead set resulting in an individual fluorescent signal for each 

assay. This technology allows rapid and accurate analysis of up to 100 unique 

assays within a single sample (multiplexing). Different multiplex systems are 

commercially available and are used in a wide variety of protein expression profiling 

applications in human diagnostics (e.g. infectious diseases, cancer, autoimmune and 

allergic diseases, cardiac diseases, and in neurobiological applications) (DUPONT et 

al. 2005). In basic immunological research, Luminex assays are frequently used for 

cytokine and chemokine analysis. In humans it has been shown that multiplexed 

Luminex assays show enhanced sensitivity and greater dynamic quantification 

ranges compared to conventional ELISA tests (DE JAGER et al. 2003; PRABHAKAR 

et al. 2004; DUPONT et al. 2005). Simultaneous detection of cytokines using the 

bead-based multiplex xMAPTM technology has been reported in cattle and swine 

(JOHANNISSON et al. 2006; DERNFALK et al. 2007). In horses, Wagner et al. 

(2010) developed the first bead-based multiplex assay for simultaneous IL-4, IL-10 

and TNF-α quantification and demonstrated that when using the same antibodies of 

the ELISAs, the Luminex multiplexing approach improved the analytical sensitivity 
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between 13- and 150-fold when compared to the ELISAs (WAGNER u. FREER 

2009). Nevertheless, in veterinary medicine the lack of specific cytokine antibody 

pairs suitable for the detection of soluble cytokines and chemokines is still a major 

hindrance.  

Herein we evaluated different antibodies against human and bovine IL-12 for cross 

reactivity with equine IL-12 for further application in the establishment of a bead-

based Luminex assay. Additionally, two mAb against bovine IFN-gamma reported to 

be cross reactive with equine IFN-gamma were also evaluated for specific IFN-

gamma detection in equine serum followed by the evaluation of suitability for bead-

based Luminex assays. These established and evaluated bead-based assays were 

subsequently used to quantify separately and simultaneously equine IL12 and IFN-

gamma concentrations in supernatants from stimulated PBMCs, lysates/supernatants 

of transfected cells with equine IL-12 encoding vectors and in several equine serum 

dilutions. The present study is, to our knowledge, the first one reporting the separate 

and simultaneous detection of equine IL-12 and IFN-gamma using the Luminex 

bead-based technology.  

 

Methods 

The herein listed methods are subdivided in three parts. The preliminary work (1) 

covers a): the evaluation of anti-IL-12 and anti-IFN-gamma antibodies cross reactivity 

for the identification of suitable antibody pairs for the establishment of bead-based 

assays, b): the labelling of these detection antibodies (biotinylation) for the bead-

based assay, c): the production of recombinant equine IL-12 through transfection of 

mammalian cells with equine IL-12 encoding expression plasmids and d): the equine 

PBMC isolation and stimulation to assess supernatant cytokine concentrations. This 

part is followed by the development and establishment of the bead-based assays (2), 

describing the antibody coupling to fluorescent beads, the cytokine standard curve 

generation, and the performed single- and multiplex-assays. Finally, in the third 

section (3) the samples used to analyse and measure cytokine concentrations with 

the established methods are presented. 

 

1. Preliminary work 

Cross-reacting antibodies 

a) Cross-reacting antibodies with equine IL-12 
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The tested antibodies are listed in Table 1. Immunofluorescence and Western 

Blotting were used for preliminary testing of cross-reactivity of the antibodies. 

b) Cross-reacting antibodies with equine IFN-gamma 

The cross reaction of mAb against bovine IFN-gamma with equine IFN-gamma by 

Western Blots and Flow Cytometry was previously reported (PEDERSEN et al. 

2002), therefore the IFN-gamma mAbs Clone CC302 (AbD Serotec, Duesseldorf, 

Germany) and bIFN-gamma-I (Mabtech AB, Nacka Strand, Sweden) were solely 

tested in Dot Blots with equine serum samples (Table 1). 
 

Table 1 - List of evaluated antibodies towards equine cytokines. 
 
 

Ab type 
 

Ab Clone 
 

Specificity 
 

Subclass 
 

Cat. number 
 

IF 
 

WB 
 

DB 
 

polyclonal 
 

IL12Ap35 
(C-19) 

 

IL-12 
human 

 

IgG 
 

Santa Cruz 
Biotechnology, 
sc-1280 

 

+ 
 

+/- 
 

+ 

polyclonal IL12Bp40 
(C-20) 

IL-12 
human 

IgG Santa Cruz 
Biotechnology, 
sc-1282 

- - - 

polyclonal IL12p40 IL-12 
human 

IgG Abcam, 
ab58940 

+ + + 

monoclonal QS-12p70 IL-12 
human 

IgG1 Abcam, 
ab25036 

NT - - 

monoclonal  CC301 IL-12 
bovine 

IGg2a AbD serotec, 
MCA1782EL 

- - - 

monoclonal  CC326 IL-12 
bovine 

IGg2b AbD serotec, 
MCA2173Z 

- - - 

monoclonal  CC302 IFN-
gamma 
bovine 

IGg1 AbD serotec, 
MCA1783 

NT NT + 

monoclonal  bIFNγ-I IFN-
gamma 
bovine 

IGg1 MABTECH,  
3115-3-250 

NT NT + 

 

IF: Immunofluorescence; WB: Western Blot; DB: Dot Blot; NT: not tested; +: cross-reacting  
antibodies; +/- weak cross-reacting antibodies; -:non-reactive antibodies. 
 

Methods used to evaluate cross reactivity 

a) Western Blotting 

Cellular lysates from IL-12 transfected cells were denaturated (5 min at 95 C) in 

reducing sample buffer, separated by sodiumdodecylsulfate–polyacrylamide gel 

electrophoresis (SDS–PAGE, 4% stacking gel, 12% running gel) and transferred to a 

methanol activated polyvinylidene difluorid (PVDF) membrane 0.2 μM pore size 

(Immobilon P, Millipore, Schwalbach; Germany). Membranes were blocked with 5% 

non-fat milk (Sigma Aldrich, Munich, Germany) in TBS (TBS: dH2O+10 mM Tris-HCl 

and 150 mM NaCl (Sigma Aldrich, Munich, Germany)) with 0.1% Tween 20 (TBS-T). 

Antibodies were then added in a dilution of 1:200 in TBS-T with 1% non-fat milk and 



RESULTS II 

 

49 

incubated for 2 h at RT with shaking. After washing, membranes were incubated for 

1h at RT under shaking with a secondary, alkaline phosphatase (AP) conjugated 

antibody diluted 1:5000. Membranes were washed, incubated in AP buffer (100mM 

Tris, 100mM NaCl, 5mM MgCl2, pH 9.5) with NBT/BCIP substrate (Roche, 

Mannheim, Germany) on a shaker at RT protected from light. Finally, membranes 

were washed, dried and evaluated.  

b) Dot Blot 

Protein samples and the respective controls (10 µL) were spotted on activated PVDF 

membranes (Immobilon P, Millipore, Schwalbach; Germany), dried, blocked, and 

further handled as the described Western Blots. 

c) Anti-IL-12 immunofluorescence 

Eight hours prior to transfection 3×105 MTH53A (derived from epithelial healthy 

canine mammary tissue, small animal clinic, University of Veterinary Medicine 

Hannover, Germany) and HoMelZh (equine melanoma cell line, provided by Dr. M. 

Seltenhammer, Veterinary University of Viena) cells were seeded in 6-well plates. 

Cells were grown under standard conditions in complete medium. Transfection was 

performed as described below. 24h post transfection the respective cells were fixed 

in a 4% paraformaldehyde/PBS solution for 20 minutes at room temperature, 

permeabilized and blocked. The primary antibodies (Table 1) were added at a 1:40 

dilution and the corresponding secondary antibodies diluted 1:180. Fluorescence 

microscopy was carried out using a Leica DMI 6000 fluorescence microscope (Leica 

Microsystems GmbH, Wetzlar Germany). 

Antibody biotinylation 

For the bead-based Luminex assay, one antibody from each cross-reacting pair was 

biotinylated to be further used as detection antibody (Table 2). Biotinylation was 

performed using an EZ-Link® Sulfo-NHS-LC-Biotinylation Kit (Thermo Fisher 

Scientific, Perbio Science, Bonn, Germany). 
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Table 2 - Fluorescent beads used for antibody coupling and antibodies biotinylated applied 
as detection antibodies. 
 

 

Fluorescent 
bead Nr. 

 

 

Coupled antibody 
 

 

Biotinylated 
detection antibody 

 

 
     22 

 

anti-bovine IL-12 
clone CC301 
(AbD Serotec, 
Duesseldorf, Germany) 

 

anti-bovine IL-12 
clone CC326 
(AbD Serotec, 
Duesseldorf, Germany) 

 
     30 

 

anti-bovine IFN-
gamma clone 
CC302  
(AbD Serotec, 
Duesseldorf, Germany) 

 

anti-bovine-IFN-
gamma mAb clone 
bIFNγ-I (Mabtech AB, 
Nacka Strand, Sweden) 

 
     42 

 

anti-FLAG® clone 
M2  
(Sigma Aldrich, Munich, 
Germany) 

 

None  
(CIA with biotinylated 
Carboxy-terminal FLAG-
BAP® Fusion Protein) 

 

 

Mammalian expression vectors for recombinant equine IL-12 production  

For the generation of IL-12 standards and IL-12 positive controls two different 

mammalian cell lines were transfected with different expression vectors encoding 

equine IL-12 to harvest IL-12 from the supernatants and lysates of the transfected 

cells. This step is required as in contrast to IFN-gamma currently no purified equine 

recombinant IL-12 is commercially available.  

Equine IL-12 coding expression plasmids: 

a) pUSEr-IRES-IL12: The plasmid DNA construct was provided by Dr. L. Nicolson, 

University of Glasgow, via Intervet International, Boxmeer, The Netherlands 

(MCMONAGLE et al. 2001; MÜLLER et al. 2011a). 

 

Two additional IL-12 DNA expression vectors (b) and c)) were constructed to analyse 

accurately the achieved transfection efficiencies via fluorescence microscopy by GFP 

detection. The pIRES-hrGFPII expression vector backbone allows the simultaneous 

but separate expression of a green fluorescent protein (hrGFP) and the protein of 

interest (equine IL-12). Additionally, in the pIRES-hrGFPII vectors the genes of 

interest are fused to three contiguous copies of the FLAG® epitope allowing detection 

of the target protein by the FLAG®-Tag.  

 

b) pIRES-hrGFPII-eIL-12: DNA encoding for eIL-12 (Vetsuisse-Faculty, University of 

Zurich) was amplified by PCR (primer pair: NotI_IL-12_f 5’-

CGGCGGCCGCATATGTGCCCGCCGCGC-3’ (forward primer); NotI_IL-12_r 5’-

CGGCGGCCGCAACTGCAGGATACGG-3’ (reverse primer)). The DNA contains the 
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p35 and p40 IL-12 subunit (cDNAs, p35: Acc. No. Y11130; p40: Acc. No. Y11129) 

separated by an IRES element, both IL-12 subunits are translated separately and 

then processed by the cell to a joint IL-12 specific complex. The generated PCR 

products were separated on a 1.5% agarose gel, eluted using QIAquick Gel 

Extraction Kit (QIAGEN, Hilden, Germany), and cloned into the bicistronic pIRES-

hrGFPII mammalian expression vector (Stratagene , La Jolla, CA, USA) according to 

the respective manufacturers instructions. Verification of the constructed plasmid was 

done by specific enzymatic NotI restriction digestion and additionally by conventional 

sequencing.  

 

c) pIRES-hrGFPII-Flexi-eIL-12: equine IL-12 DNA containing the p35 and p40 IL-12 

subunit cDNAs separated by an in-frame [Gly4Ser]3 linker (provided by Dr. L. 

Nicolson, University of Glasgow, via Intervet International, Boxmeer, The 

Netherlands) was amplified using PCR (primer pair NotI_flexi_f5’ 

CGGCGGCCGCATGGGTCACCAGTGGTTGG3’/IRES_NotI_flexi_r5’CGGCGGCCG

CAGGAAGCATTCAGATAGC3’). The PCR products were separated, recovered, 

cloned into the pIRES-hrGFPII vector and verified as described above.  

Cell transfection 

MTH53A and HoMelZh cells were grown as adherent cultures in a humidified 

atmosphere at 37°C and 5% CO2 in complete medium [MTH53A cells: medium 199 

(Invitrogen, Karlsruhe, Germany), HoMelZh cells: RPMI 1640 (Biochrom, Berlin, 

Germany); supplemented with 5% heat-inactivated fetal calf serum (PAA 

Laboratories GmbH, Pasching, Austria), 200 U/ml penicillin and 200 ng/ml 

streptomycin (Biochrom AG, Berlin, Germany)]. Cells were treated and transfected as 

previously described (DURAN et al. 2011). In brief, 2x105 cells/24 well-plate were 

seeded, and 12h after seeding transfected with three different equine IL-12 

mammalian expression vectors (pIRES-hrGFPII-eIL12, pIRES-hrGFPII-Flexi_eIL12, 

pUSEeIL12) and using TransIT-2020 transfection reagent (Mirus Bio LLC, Wisconsin, 

USA) following the manufacturer’s instructions. For each transfection approach a 

separate incubation of the respective cells with the transfection reagent in absence of 

the DNA expression plasmids was considered as negative control. Each protocol was 

performed in triplicate. After transfection, cells were incubated for 24 hours in 

complete medium at 37°C and 5% CO2. The plasmid DNA uptake efficiency for 

pIRES-hrGFPII-eIL-12 and pIRES-hrGFPII-Flexi_eIL-12 was verified by fluorescence 
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microscopy due to the simultaneous but independent GFP expression. Transfection 

supernatants were harvested after 24h, aliquoted and stored at -20° until analysis. 

PBMC preparation and cell culture 

Fresh blood samples (70 ml/sample, one sample per horse) were collected out of the 

jugular vein fron 6 healthy horses into sterile sodium heparin vacutainer tubes 

(Greiner Bio-One GmbH, Frickenhausen, Germany). Additionally, from each horse a 

9.5 ml serum separator vacutainer tube (Greiner Bio-One GmbH, Frickenhausen, 

Germany) was taken and used for serum separation, aliquots were prepared and 

stored at -20°C until analysis.  

Within 1h after sample collection, heparinised blood was diluted in phosphate 

buffered saline (PBS, pH 7.3), layered on a Ficoll density gradient (d=1.077, 

Biochrom, Berlin, Germany), and diluted to a final concentration of 1x106 cells/ml in 

complete RPMI 1640 medium (Biochrom, Berlin, Germany) supplemented with 5% 

FCS (PAA, Coelbe, Germany), and 1% penicillin-streptomycin (Biochrom, Berlin, 

Germany). One ml cell suspension was added to a 24-well tissue culture plate in the 

presence or absence of the respective stimulating agents (Table 3). All stimulation 

tests were performed in triplicate. At the end of the respective culture period 

supernatants were collected from each well, aliquoted and stored at -20° until 

analysis. 

PBMC culture supernatants were used for commercially available ELISAs and the 

bead-based cytokine Luminex assays (singleplex or multiplex assays). Supernatants 

of non-stimulated PBMCs were used as controls. 
 

Table 3 - Stimulation agents and concentrations used to stimulate equine PBMCS. 

Stimulation agents Concentrations 
 

PMA/Ionomycin 
 

PMA: 25 ng/ml; Ionomycine: 500 ng/ml  
 

IFN-gamma/LPS 
 

Equine IFN-gamma: 1000U/ml; LPS: 1µg/ml  
 

IL-12 transfection  
supernatants 

 

500µL transfection supernatant per 24-well-
plate well (transfection with 2µg plasmid 
DNA/ml cells suspension) 

 

PBMC stimulation 

a) PMA/Ionomycin stimulation: Phorbolmyristate acetate (25 ng/ml; PMA, Sigma-

Aldrich Chemie GmbH, Munich, Germany) and Ionomycine (500 ng/ml; Sigma-

Aldrich Chemie GmbH, Munich, Germany) were added to the culture media and used 

to stimulate IFN-gamma production of PBMCs. After 24h incubation the supernatants 

were used as positive controls in the ELISA and Luminex assay.  
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b) IFN-gamma/LPS stimulation: Equine IL-12 production was stimulated by 

incubating equine PBMCs 2h with 1000U/ml eIFN-gamma (Kingfischer, Biomol; 

Hamburg, Germany) followed by 10h incubation with 1µg/ml LPS (LPS, E. coli, 

Sigma L2755), as described previously (Sester et al. 2000). The respective 

supernatants were used as positive controls in the ELISA and Luminex assay. 

c) Transfection supernatant stimulation: 500µL of the harvested supernatants from 

transfected cells with IL-12 encoding vectors were used to stimulate 1x106 cells/ml 

PBMCs. After 24h incubation, supernatants were collected and cytokine 

concentrations measured. 

ELISAs used for comparison with the bead-based analysis results 

To analyse the IL-12 concentration present in the samples and compare the results 

with the ones obtained with the generated bead-based assay, two commercially 

available anti-equine IL-12 ELISAs (IL-12A E90059Eq and IL-12 E90058Eq, Uscn 

Life science Inc., LOXO GmbH, Dossenheim, Germany) were evaluated. 

Supernatants and cellular lysates from IL-12 transfected cells and their respective 

negative controls were used following the supplier’s recommendations.  

An anti-equine IFN-gamma ELISA (Equine IFN-gamma ELISA kit (ALP), 3117-1A-6, 

MABTECH, Nacka Strand, Sweden) was used to compare the bead-based assay 

results with the ones obtained with the commercially available ELISA Kit.  
 

2. Development and establishment of the bead-based Luminex assay  

Coupling of monoclonal antibodies to fluorescent beads 

For the establishment, mAbs were coupled independently to fluorescent beads 

(Luminex Corp., http://www.luminexcorp.com). In brief, the anti-bovine IL-12 clone 

CC301 (AbD Serotec, Duesseldorf, Germany) was coupled to bead 22 (Luminex 

corporation, http://www.luminexcorp.com), anti-bovine IFN-gamma clone CC302 

(AbD Serotec, Duesseldorf, Germany) to bead 30 and the anti-FLAG® clone M2 

(Sigma Aldrich, Munich, Germany) to bead 42 (Table 3). The coupling reaction was 

performed using an antibody coupling Kit (Cat. Nr. 40-50016, Luminex, Austin, 

Texas, USA) according the manufacturer’s instructions. For antibody coupling, 30-40 

μg of the respective mAb and 6.25 × 106 beads were used. After coupling, the beads 

were counted to assess the number of beads recovered after each coupling reaction 

and stored in the dark at 2–8 °C. Antibody coupling confirmation was performed for 

each bead type using a biotinylated anti-mouse antibody as recommended by 

Luminex corporation 
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 (http://www.luminexcorp.com/prod/groups/public/documents/lmnxcorp/322-antibody-

coupling-kit-sell.pdf). 

Standard curves IL-12 and IFN-gamma bead-based assay 

The standard curves for equine IL-12, equine IFN-gamma and FLAG®-Tag were 

generated using beads coupled to anti-IL-12, anti-IFN-gamma and anti-FLAG® mAbs, 

respectively. Beads were sonicated, mixed and diluted in blocking buffer (PBS-

1%BSA; P3688, Sigma-Aldrich Chemie GmbH, Munich, Germany) to a final 

concentration of 6×104 beads/ml each. For each assay 3×103 beads/well were used. 

Cytokine standards were prepared in blocking buffer. The standard curve for anti-IL-

12 coupled beads was generated using 1:2 dilutions of the eIL-12 transfected cell 

lysates (5000, 2500, 1250, 625, 3125.5, 156.25, 78.125 pg/ml, Bradford protein 

quantification). The equine IFN-gamma standard curve was generated using 1:2 

dilutions of recombinant equine IFN-gamma (3000, 1500, 750, 375, 187.5, 93.75, 

46.875 pg/ml), and the standard curve for the competitive immunoassay using 1:2 

dilutions of biotinylated FLAG-BAP® Fusion Protein (3000-0 pg/ml) (Sigma-Aldrich 

Chemie GmbH, Munich, Germany).  

Bead-based assays 

a) IL-12 concentration assessment using a bead-based competitive immunoassay 

(CIA) 

This assay was established to accurately determine the equine IL-12 concentration 

present in the samples (lysates or supernatants of cells transfected with IL-12 

encoding vectors). After transfection, protein concentration was primarily estimated 

using a commercially available Bradford protein quantification assay (500-0007, Bio-

Rad Laboratories, Munich, Germany), the difference between the measured protein 

concentrations in lysates/supernatants of transfected and non-transfected cells was 

considered as an estimation of the IL-12 amount in the analysed samples. In the 

vector used to generate equine IL-12 (pIRES-hrGFPII-Flexi-eIL-12), the IL-12 genes 

are fused to the FLAG® protein ones, accordingly the concentration of FLAG® present 

in the sample is an estimation of the IL-12 amount produced by the cells.  

For this assay format, the obtained MFI signal decreases with increasing analyte 

concentration due to the presence of a competing analyte. The antibody specific to 

the analyte (FLAG®-Tag) is coupled to the beads surface and the analyte present in 

the sample (IL-12 fused to FLAG®-Tag) competes with the labelled analyte 

(biotinylated Carboxy-terminal FLAG-BAP® Fusion Protein, Sigma-Aldrich Chemie 



RESULTS II 

 

55 

GmbH, Munich, Germany) for binding to the antibody coupled beads (anti-FLAG® 

coupled beads). Herewith, using the anti-FLAG® coupled beads and a known 

concentration of biotinylated Carboxy-terminal FLAG-BAP® Fusion Protein the 

FLAG® concentration present in the sample can be determined.  

The Carboxy-terminal FLAG-BAP® Fusion Protein (P7457, Sigma Aldrich, Munich, 

Germany) was biotinylated (EZ-Link® Sulfo-NHS-LC-Biotinylation Kit; Thermo Fisher 

Scientific, Perbio Science, Bonn, Germany) and the concentration of the biotinylated 

FLAG-BAP® Fusion Protein ([IC70]) to be applied was determined titrating the labelled 

reagent together with the anti-FLAG® coupled beads 

(http://www.luminexcorp.com/prod/groups/public/documents/lmnxcorp/competitive-

immunoassay-antige.pdf).  

A working bead mixture of 12×104 anti-FLAG® coupled beads/ml was prepared and 

25 µL were applied per well. Seven 1:2 dilutions of the eIL-12 transfected cell lysates 

were made in duplicate. 25 µL of the respective standard or background were applied 

to the wells and incubated for 30 min on a shaker at room temperature. After 

washing, 50 μl of streptavidin–phycoerythrin (Invitrogen, Carlsbad, CA, USA) diluted 

in blocking buffer were added to the wells and the plate was incubated for 30 min as 

above. The wells were washed as described earlier and the beads resuspended in 

100 μl of blocking buffer. The plate was analyzed in a Luminex IS 100 instrument 

(Luminex Corp., http://www.luminexcorp.com). Results were reported as median 

fluorescent intensities (MFIs). For the subsequent calculation of equine IL-12 

concentration of the lysate samples, the MFI obtained while increasing the lysat 

concentrations is subtracted from the MFI measured from the [IC70] concentration of 

the biotinylated FLAG-BAP® Fusion Protein. The obtained MFI value is then used to 

calculate the corresponding protein concentration (equine IL-12) using the FLAG® 

Tag standard curve and the linear interpolation formula X=Y-N/M. 

b) Standard curve tests 

For each standard test, 50 μl of bead solution were added to the well (Polystyrene 

96-well plates; Corning, Axygen, Amsterdam, The Netherlands). Seven cytokine 

dilutions and one background were applied in duplicate. In each well 50 μl of the 

corresponding diluted standard concentration or the background samples were 

applied in a 96 well plate and incubated 30 min on a shaker at room temperature. 

After washing with PBS, 50 μl of the respective primary detection antibody diluted in 

blocking buffer were added to each well and incubated 30 min as described above. 
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For the anti-equine IL-12 beads the biotinylated mAb anti-bovine IL-12 clone CC326 

(AbD Serotec, Duesseldorf, Germany) was used. The biotinylated anti-bovine-IFN-

gamma mAb clone bIFNγ-I (Mabtech AB, Nacka Strand, Sweden) was used with the 

anti-IFN-gamma coupled beads. Thereafter, wells were washed and 50 μl of 

streptavidin–phycoerythrin (Invitrogen, Carlsbad, CA) diluted in blocking buffer were 

added, respectively. The plate was incubated 30 min as described above and 

washed. After all incubation steps, the beads were resuspended in 100 μl blocking 

buffer and subsequently analyzed in a Luminex IS 100 instrument (Luminex Corp., 

http://www.luminexcorp.com). Results were reported as median fluorescent 

intensities (MFIs) and the standard curve fitting was performed using the logistic 5p 

formula (y=a+b/(1 + (x/c)^d)^f) (Luminex 100 Integrated System 2.3). 

c) Multiplex IL-12 and IFN-gamma bead-based assay 

Beads coupled with anti-IL-12 and anti-IFN-gamma mAbs were sonicated, mixed and 

diluted in blocking buffer to a final concentration of 6×104 beads/ml each. A standard 

containing all three cytokines was prepared in blocking buffer preparing 1:2 dilutions 

of the IL-12 transfected cell lysates and recombinant equine IFN-gamma. Per each 

well, 50 µL bead mixture and 50 μl of the corresponding standard dilution or 

background were added and incubated for 30 min on a shaker at room temperature. 

After washing with PBS, 50 μl of the primary detection antibody mixture (biotinylated 

mAb anti-bovine IL-12 clone CC326 (AbD Serotec, Duesseldorf, Germany) and 

biotinylated anti-bovine-IFN-gamma mAb (Mabtech AB, Nacka Strand, Sweden)) 

were added to each well and incubated for 30 min. Subsequently, wells were washed 

and 50 μl of streptavidin–phycoerythrin (Invitrogen, Carlsbad, CA) diluted in blocking 

buffer added. After 30 min incubation and washing, beads were resuspended in 100 

μl of blocking buffer and the plate analyzed as explained above. 

MFIs obtained with the multiplex standards were then compared with those of the 

singleplex assays.  

d) Sensitivity and specificity of the bead-based cytokine detection assays 

The sensitivity for each cytokine corresponded to the lowest detectable cytokine 

concentration in the linear range of the individual cytokine standard curve where the 

measured MFI was higher than the MFI of the background plus two standard 

deviations (real measured value: [MFI sample] > [background MFI + 2 x SD]). The 

analytical specificity of the multiplex assay was determined performing cross 

reactivity tests. First, only the beads were mixed applying the analytes (recombinant 
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eIL-12 and recombinant eIFN-gamma) and detection antibodies separately. 

Secondly, beads and analytes were mixed and finally, beads, analytes and detection 

antibodies were applied together in the same well. Afterwards, to test if native 

cytokines or other components interfere with the assay performance, cell culture 

supernatants from stimulated PBMCs or supernatants/lysates of cells transfected 

with eIL-12 encoding vectors, expected to contain native IL-12 and/or IFN-gamma, 

were used as samples in the multiplex assay. 
 

3. Sample analysis 

After establishing the bead-based assay for equine IL-12 and IFN-gamma, the 

assays were tested using different samples. All samples were primarily tested with 

the corresponding ELISAs and singleplex bead-based assays. Subsequently the 

multiplex bead-based assay was performed using the same samples to compare 

these results with the ones obtained with the ELISAs and singleplex assays.  

Samples to assess IFN-gamma concentrations 

Equine serum dilutions (1:10, 1:100, 1:1000), supernatants from PBMCs stimulated 

with PMA/Ionomycin (1.6. a), Table 3), MTH53A cells transfection supernatants (after 

transfection with pIRES-hrGFP-Flexi-eIL-12 and pIRES-hrGFPII-eIL-12) (1.4., Table 

3), HoMelZh cells transfection supernatants (after transfection with pIRES-hrGFP-

Flexi-eIL-12 and pIRES-hrGFPII-eIL-12) (1.4., Table 3), and their respective negative 

controls. 

Samples to assess IL-12 concentrations 

Equine serum dilutions (1:10, 1:100, 1:1000), supernatants from PBMCs stimulated 

with PMA/Ionomycin and IFN-gamma/LPS (1.6. a) and b), Table 3), as well as 

supernatants from transfected cells (MTH53A and HoMelZh) with the IL-12 encoding 

vectors (pUSEr-IRES-IL12, pIRES-hrGFPII-eIL-12, pIRES-hrGFPII-Flexi-eIL-12)(1.4., 

Table 3) and their respective negative controls. 

 

Statistics 

Statistical significance was determined using the 1-tailed Wilcoxon-Mann-Whitney 

test. Differences were considered statistically significant for p ≤ 0.05. 

Statement of ethical approval 

Blood used for this study was collected as part of a routine procedure prior to 

anaesthesia from horses involved in an anaesthesiology research project. All 
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procedures were approved by the State Office for Consumer and Food Safety in 

accordance with the German Animal Welfare Law (Nr. 33.12-42502-04-11/0572). 

 

Results  

1. Preliminary work 

Cross-reacting antibodies 

Cross-reacting antibodies with equine IL12 

The anti-human IL-12 polyclonal Ab IL12Ap35 (C-19) showed cross-reaction with 

equine IL-12 in the immunofluorescence and Dot Blot assays, whereas weak cross-

reaction in the Western Blot assays was seen (Table 1). The anti-human IL12p40 

polyclonal Ab cross reacted in all the performed assays with equine IL-12, while the 

mAbs anti-human IL-12 (clone QS-12p70) and anti-bovine IL-12 (clone CC301 and 

CC326) did not cross-react in any tested assay (Table 1). Considering that normally 

antibodies react differently depending on the analytical method applied, even though 

the mAb anti-human IL-12 (clone QS-12p70) and anti-bovine IL-12 (clone CC301 and 

CC326) did not cross-react, test aliquots of each mAb were biotinylated and coupled 

to beads to test them in the bead-based assays. Results from these tests showed 

that when using beads coupled to the anti-bovine IL-12 clone CC301 mAb and the 

biotinylated anti-bovine IL-12 clone CC326, different 1:2 dilutions of recombinant IL-

12 were detected with adequate mean fluorescent intensities. Therefore, all further 

bead-based IL-12 assays were performed using this specific antibody pair. 

Cross-reacting antibodies with equine IFN-gamma 

Both tested anti-bovine IFN-gamma mAbs (clone CC302 and bIFNγ-I) cross-reacted 

with equine IFN-gamma from serum samples (Table 1), accordingly this mAb pair 

was used in the bead-based assay. 

 

2. Development and Establishment of the bead-based assay 

IL-12 concentration assessment using a bead-based competitive immunoassay (CIA) 

The standard curve for FLAG®-Tag using increasing concentrations of biotinylated 

FLAG-BAP® Fusion Protein (0-3000pg/ml) and anti-FLAG® coupled beads is shown 

in Figure 1 (Fig. 1, (A)). The increase of the biotinylated fusion protein also increased 

the measured MFIs. When a constant concentration of the biotinylated FLAG-BAP® 

Fusion Protein ([IC70]) and increasing concentrations of lysates from transfected cells 
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with vectors encoding equine IL-12 were applied, the measured MFIs decreased (Fig. 

1, (B)). The calculation of the concentration of equine IL-12 in the samples using an 

anti-FLAG® CIA showed that 1000pg/ml (original concentration obtained from a 

Bradford protein quantification assay) corresponded to 199.89pg/ml. This new more 

accurate concentration was then used to generate the recombinant equine IL-12 

dilutions (1000 to 0pg/ml) for the standard curves in further singleplex and multiple 

assays.  

 

Figure 1 - Recombinant IL-12 concentration assessment using an Anti-FLAG® bead-based 
competitive immunoassay (CIA) 
(A) Standard curve of FLAG® Tag, using anti-FLAG® coupled beads and biotinylated FLAG-BAP® 
Fusion Protein. (B) Competitive immunoassay using anti-FLAG® coupled beads, biotinylated FLAG-
BAP® Fusion Protein at a [IC70] concentration and increasing concentrations of equine IL-12 from 
transfected cells. Curves show means and standard deviations obtained from 3 assays. 
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Standard curves for the IL-12 and IFN-gamma bead-based assay 

Representative standard curves for both cytokines are shown in Figure 2, higher 

MFIs were detected with higher cytokine concentrations. Standard curves for equine 

IL-12 and IFN-gamma were primarily tested in singleplex bead-based assays. Anti-

IL12 beads, 1:2 dilutions of IL-12 lysates (1000-0 pg/ml) and the biotinylated anti-IL-

12 mAb were used to generate the equine IL-12 standard curve (Fig. 2, A). For the 

equine IFN-gamma curve, anti-IFN-gamma beads, 1:2 dilutions of recombinant 

equine IFN-gamma (3000-0 pg/ml) and the biotinylated anti-IFN-gamma were applied 

(Fig. 2, B).  
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Figure 2 - Singleplex and multiplex bead based quantification of equine IL-12 and equine IFN-γ 
Standard curves of equine IL-12 (A, B) and equine IFN-γ (C, D) obtained by the singleplex (A, C) and 
multiplex (B, D) bead based assays. Each standard curve shows means and standard deviations 
obtained from six assays.  

 

 

Multiplex IL-12 and IFN-gamma bead based assay 

Afterwards, for the multiplex assay, beads (anti-IL-12 and anti-IFN-gamma), analytes 

(recombinant equine IL-12 and IFN-gamma) and detection antibodies (biotinylated 

anti-IL-12 and biotinylated anti-IFN-gamma) were applied together (Fig. 2, B and D). 

The anti-IL-12 and -IFN-gamma beads were specifically able to recognize IL-12 and 

IFN-gamma, respectively. Multiplex curves were similar to those generated in the 

singleplex assays, but with significantly higher MFIs.  

Specificity and sensitivity of the bead-based cytokine detection assays 

The cross-reactivity analyses (multiplex beads, analytes and detection antibodies 

separate; multiplex beads and detection antibodies, analytes separate; multiplex 

beads, analytes and detection antibodies) performed for the bead-based multiplex 

assay showed that the anti-IL-12 coupled-beads were only able to specifically detect 

recombinant equine IL-12 and the anti-IFN-gamma coupled-beads detected solely 

the recombinant IFN-gamma present in the sample, confirming that the mixture of 
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beads, detection antibodies and analytes did not affect specificity, excluding any 

possible cross reactivities among the reactants (Table 4). The multiplex standard 

curves using serial IL-12 and IFN-gamma dilutions showed a similar pattern to the 

singleplex assays, detecting higher MFIs with increasing cytokine concentrations 

(Fig. 2, B, D) but with significantly higher MFIs than the singleplex bead-based assay 

(Fig. 2). 

The lowest detectable cytokine concentration measured for the IL-12 assays was for 

the single assay 39.1 pg/ml and 31.5 pg/ml for the multiplex assay. For the IFN-

gamma assays, the lowest cytokine concentrations measured were 23.4 pg/ml and 

15.3 pg/ml for the single and multiplex assay, respectively. 
 

 

Table 4 - Cross reactivity of the bead-based multiplex assay (multiplexed beads, analytes and 
detection antibodies) 
MFIs values for the highest concentration of each cytokine concentration are shown for each cytokine 
and bead-set (IL-12: 1000 pg/ml; IFN-gamma: 3000 pg/ml).  
 

 
 

Bead-specificity (MFIs) 
 

 

anti-IL-12 
 

anti-IFN-
gamma 

 

Cytokine standard added   
rec IL-12 1077 0,8 
rec IFN-gamma 2.5 2223 
Background -1.5 -0.5 

 
 
 
3. Sample analysis 

Equine IFN-gamma measurements 

The IFN-gamma concentrations in stimulated PBMC supernatants and in equine 

serum comparatively measured with the anti-IFN-gamma ELISA and the bead-based 

IFN-gamma assay are shown in Figure 3. The highest IFN-gamma concentrations 

were measured in supernatants from PBMCs after PMA/Ionomycin stimulation 

(ELISA: 2250 pg/ml; Luminex: 2974.31 pg/ml). Transfection supernatants from 

MTH53A cells induced considerably higher IFN-gamma production by PBMCs (Fig. 

3, 2: PBMCs stimulated w/ MTH53A supernatants transfected w/ pIRES-hrGFP-Flexi-

eIL-12: 1575 pg/ml; and 4: PBMCs stimulated w/ MTH53A supernatants transfected 

w/ pIRES-hrGFPII-eIL-12: 2034.78 pg/ml) than the supernatants from HoMelZh cells 

(Fig. 3, b: PBMCs stimulated w/ HoMelZh supernatants transfected w/ pIRES-hrGFP-

Flexi-eIL-12: 475 pg/ml; and c: PBMCs stimulated w/ HoMelZh supernatants 

transfected w/ pIRES-hrGFPII-eIL-12: 780.75 pg/ml). 
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Figure 3 - Equine IFN-γ concentration in PBMCs supernatants 
Equine IFN-γ concentration in PBMCs supernatants after cell stimulation with PMA/Ionomycin (1, a), 
supernatants from MTH53A cells transfected with pIRES-hrGFPII-Flexi-eIL-12 (2, b) and pIRES-hrGFPII-
eIL-12 (4, d) vectors and their respective negative controls (3, c; 5, e); supernatants from HoMelZh cells 
transfected with pIRES-hrGFP-Flexi-eIL-12 (6, f) and pIRES-hrGFPII-eIL-12 (8, h) vectors, and the 
respective negative controls (7, g; 9, i), and, equine serum samples (10, j). Each bar shows mean IFN-γ 
concentrations and standard deviations obtained from 9 assays. 
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The comparison between the IFN-gamma results obtained with the ELISA and the 

Luminex assay (Table 5) showed that a similar IFN-gamma concentration pattern 

was obtained with both methods. Nevertheless, some significant differences were 

observed, particularly higher concentrations were measured with the Luminex assay 

in the PBMCs supernatants stimulated with transfection supernatants of MTH53A 

cells (Table 5, b and d).  
 

Table 5 - Comparison between equine IFN-gamma (eIFN-gamma) results obtained with ELISA 
and Luminex assay. 
 

Samples ELISA Luminex 

 

ELISA eIFN-
gamma (pg/ml) 

Luminex eIFN-
gamma (pg/ml) 

Significance 
(p> 0.05) 

 

PBMCs st. w/ PMA/Ionomycin 
 

1 a 2250 2974.31 No 

PBMCs st. w/ MTH53A supernatants 
(pIRES-hrGFP-Flexi-eIL-12) 
 

2 b 1575 2012.84 Yes, p=0.0456 

MTH53A / pIRES-hrGFP-Flexi-eIL-
12 negative control 
 

3 c 7.479 13.25 No 

PBMCs st. w/ MTH53A supernatants 
(pIRES-hrGFPII-eIL-12) 
 

4 d 1550 2034.78 Yes ; p=0.0265 

MTH53A / pIRES-hrGFPII-eIL-12 
negative control 
 

5 e 12.5 225.75 No 

PBMCs st. w/ HoMelZh 
supernatants 
(pIRES-hrGFP-Flexi-eIL-12) 
 

6 f 475 315.46 Yes, p=0.0265 

HoMelZh / pIRES-hrGFP-Flexi-eIL-
12 negative control 
 

7 g 14.5 4.46 Yes, p=0.0194 

PBMCs st. w HoMelZh supernatants 
(pIRES-hrGFPII-eIL-12) 
 

8 h 780.75 381.59 No 

HoMelZh / pIRES-hrGFPII-eIL-12 
negative control 
 

9 i 38.84 117.43 Yes, p=0.0265 

Serum 10 j 292 67.43 Yes, p=0.0211 
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Equine IL-12 measurements 

Equine IL-12 production was measured in supernatants from stimulated PBMCs with 

PMA/Ionomycin and IFN-gamma/LPS (Fig. 4) and transfection supernatants using 

the Luminex bead-based assay (Fig. 5).  

 

Figure 4 - Stimulated PBMC supernatants 
IL-12 concentration in supernatants from stimulated PBMCs (PMA/Ionomycin: 1; IFN-γ/LPS: 2), 
unstimulated PBMCs (3) and equine serum (4). Each bar represents means and standard deviations 
from 9 assays.  
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Figure 5 - IL-12 production after transfection  
IL-12 concentration in supernatants and lysates of transfected MTH53A and HoMelZh cells with 
pIRES-hrGFP-Flexi-eIL-12 (A: supernatant, B: lysate), pIRES-hrGFPII-eIL-12 (C: supernatant, D: 
lysate) and pUSEr-IRES-IL12 (E: supernatant, F: lysate) measured using Luminex bead-based 
singleplex assay. Each bar shows means and standard deviations obtained from 9 assays. 

 

IL-12 concentrations were higher in supernatants from stimulated PBMCs than in 

supernatants from non-stimulated cells, but no statistical differences were detected. 

Significantly higher IL-12 concentrations were measured in lysates and supernatants 

from cells transfected with IL-12 encoding vectors when compared to non-transfected 

cells (concentrations below the detection range; data not shown). In general, 

supernatants from transfected cells showed higher IL-12 concentrations than cell 

lysates (Fig. 5), the only exception were the lysates from MTH53A cells transfected 

with pIRES-hrGFP-Flexi-eIL-12 (MTH53A cells, Fig. 5, B). For each cell type, the IL-
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12 concentrations after transfection with the three different vectors were measured. 

After the transfection of MTH53A cells, significantly higher IL-12 concentrations were 

measured in the lysates of cells transfected with the pIRES-hrGFP-Flexi-eIL-12 

vector (MTH53A cells, Fig. 5, Table 6), while after transfecting the HoMelZh cells, 

significantly lower IL-12 concentrations were measured when the cells were 

transfected with the pUSEr-IRES-IL12 vector (Fig. 5, E, F; Table 6). 
 

Table 6 - Comparison between the IL-12 concentrations measured in lysates and 
supernatants of cells (MTH53A cells I), HoMelZh cells II)) transfected with pIRES-hrGFP-Flexi-
eIL-12 (A: supernatant, B: lysate), pIRES-hrGFPII-eIL-12 (C: supernatant, D: lysate) and pUSEr-
IRES-IL12 (E: supernatant, F: lysate). Significance p<0.05. 
I) 

MTH53Acells 
 A B C D E F 
A X X No X No X 
B X X X Yes, 

p=0.02 
X Yes, 

p=0.03 
C No X X X No X 
D X Yes, 

p=0.02 
X X X Yes, 

p=0.03 
E No X No X X X 
F X Yes, 

p=0.03 
X Yes, 

p=0.03 
X X 

II) 
HoMelZh cells 
 A B C D E F 
A X X No X Yes, 

p=0,02 
X 

B X X X Yes, 
p=0.02 

X Yes, 
p=0.01 

C No X X X No X 
D X Yes, 

p=0.02 
X X X Yes, 

p=0.01 
E Yes, 

p=0.02 
X No X X X 

F X Yes, 
p=0.01 

X Yes, 
p=0.01 

X X 

 

The same samples measured with the bead-based assay were comparatively tested 

with the purchased ELISAs (IL-12A E90059Eq and IL-12 E90058Eq, Uscn Life 

science Inc., LOXO GmbH, Dossenheim, Germany) (data not shown). A standard 

curve was obtained applying 1:2 dilution of the supplied standard (concentrations 

ranging from 31.2 to 2000 pg/ml). In both ELISAs, the measured IL-12 concentrations 

of all tested samples (transfection supernatants and respective negative controls) 

were lower than 31 pg/ml and no differences were detected between transfected cells 

and non-transfected cells, as well as between stimulated and non-stimulated PBMCs. 
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Comparison of IL-12 and IFN-gamma concentrations measured with the singleplex 

and multiplex bead-based assay 

All the samples measured with the Luminex bead-based singleplex assay were 

afterwards measured in a multiplex approach, using the anti-IL-12 and anti-IFN-

gamma beads and their respective detection antibodies in the same well. Measured 

cytokine concentrations were similar to those obtained with the singleplex assay, but 

the obtained MFIs with the multiplex assay were considerably higher than the ones 

obtained with the singleplex assay.  

 

Discussion  

The measurement of cytokine and chemokine concentrations in biological samples is 

a major diagnostic tool, essential for the development of multiple therapies and to 

further assess therapeutic success. In horses the immunogene therapy of 

melanomas using direct intratumoral injection of DNA encoding IL-12 and IL-18 has 

shown promising results (L. M. HEINZERLING et al. 2001; MÜLLER et al. 2011a). 

However, the lack of specific equine assays has so far hampered the actual direct 

detection and quantification of the vaccination mediated cytokine expression in the 

vaccinated animals after treatment. Thus, the characterisation of the immune 

response to this therapeutic approach remains poorly understood. Accordingly, the 

establishment of an assay that allows the accurate measurement of the involved 

cytokines is essential. However, the lack of specific antibody pairs suitable for the 

detection of soluble equine cytokines in biological samples is still the major limitation. 

In the presented study, several antibodies were evaluated for cross reactivity against 

two main cytokines (IL-12 and IFN-gamma) and used for the establishment of 

specific Luminex bead-based assays allowing the accurate measurement of equine 

IL-12 and IFN-gamma concentrations in supernatants of stimulated PBMCs and 

lysates/supernatants of cells transfected with DNA encoding equine IL-12.  

The used antibodies were selected considering previous studies (MCMONAGLE et 

al. 2001; PEDERSEN et al. 2002) and the amino acid sequence similarities of the 

respective cytokines. The equine IL-12 amino acid sequence is 89% identical to the 

bovine IL-12 sequence and 88% to the human one (DNASTAR, Madison, WI). 

Curran et al. reported that the predicted equine IFNγ amino acid sequence is 78% 

identical to that of the bovine equivalent (CURRAN et al. 1994). Additionally, the 

cross reactivity of an anti-bovine IFN-gamma mAb with equine IFN-gamma was 
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reported (PEDERSEN et al. 2002). Our cross reactivity results showed that two 

different anti-bovine IFN-gamma clones (Clone CC302 (AbD Serotec, Duesseldorf, 

Germany) and bIFN-gamma-I (Mabtech AB, Nacka Strand, Sweden)) cross reacted 

with equine IFN-gamma, but just two (IL12Ap35 (C-19), Santa Cruz Biotechnology, 

Inc., Santa Cruz, CA, USA; IL12p40, Abcam, Cambridge, UK) of the six tested IL-12 

antibodies showed cross reactivity with equine IL-12 in the preliminary tests. Even 

though these two antibodies were cross-reacting with equine IL-12 in the 

immunofluorescence and Western Blot, they showed to be not suitable for the bead-

based assay. In contrast, two of the non-cross-reacting antibodies in the Dot and 

Western Blots (Clone CC301 and CC326; AbD Serotec, Duesseldorf, Germany) were 

adequate for the establishment of a specific IL-12 Luminex bead-based assay. These 

different antibody reactivities seen in the tested assays can be explained by the 

different binding ability of each antibody depending on the structure of the targeted 

protein (denatured epitope versus native protein) (PEDERSEN et al. 2002). After 

confirming the specificity of the antibody pairs against equine IL-12 and IFN-gamma, 

they were used for the generation of bead-based assays to measure cytokine 

concentrations separately as well as simultaneously in biological samples. Standard 

curves were generated using commercially available equine recombinant IFN-gamma 

(Kingfisher, Biomol; Hamburg, Germany) and recombinant IL-12 harvested from 

transfected mammalian cells with equine IL-12 encoding plasmids. The standard IL-

12 concentration was primarily estimated using a Bradford assay to measure the 

protein concentration. Thereby the transfected cells showed higher protein 

concentrations compared to the non-transfected cells. As Bradford is not able to 

discriminate between recombinantly generated IL-12 and the natively existing 

proteins, the difference between the measured protein concentrations (transfected 

vs. non-transfected cells) was considered as an estimation of the IL-12 amount 

present in the analysed samples. The IL-12 concentration in transfection 

supernatants/lysates was further analysed to obtain a more accurate estimation of 

the IL-12 concentrations used to generate the assay standards. The IL-12 vector 

used herein to generate recombinant IL-12 (pIRES-hrGFPII-Flexi-eIL-12) has the 

particular feature of fusing the IL-12 coding sequence to a FLAG®-Tag. This specific 

vector characteristic was used to perform a bead-based competitive immunoassay 

(CIA). Thereby the IL-12-FLAG® present in sample from IL-12 transfected cells 

competes with the biotinylated FLAG® fusion protein to bind the anti-FLAG® coupled 
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beads, when higher IL-12-FLAG® concentrations are present in the samples, lower 

binding of the biotinylated FLAG® fusion protein occurs and lower MFIs are 

measured. The obtained MFI value is then used to calculate the corresponding 

protein concentration (equine IL-12) using a FLAG®-Tag standard curve. Results 

showed that the IL-12 protein concentrations estimated by the Bradford assay 

exceeded the CIA results by five fold. Bradford assays are known to measure the 

entire amount of proteins present in a sample, resulting in the concurrent 

measurement of other present proteins, explaining the higher estimated protein 

outcome when compared to the bead-based assay. The herein used anti-FLAG®-

bead-based assay permitted to overcome these unspecific readings due to its higher 

sensitivity and specificity. Thus, we feel that as long as no standardized produced 

purified equine recombinant IL-12 is commercially available, the IL-12 production and 

quantification here presented is an acceptable solution to generate the IL-12 

standards required to perform IL-12 bead-based assays. Even if here the IL-12 

concentration is not directly measured, we can state that if cells were transfected and 

able to produce the measured FLAG® tagged protein, the same amount of IL-12 

should also be present in the sample.  

In the equine IFN-gamma and IL-12 standard tests using the bead-based assay, 

increasing MFIs were measured with higher cytokine concentrations (Fig. 1, A, B). 

The multiplex tests (Fig. 1, B, D) showed high cytokine specificity, obtaining even 

higher MFIs when anti-IL-12 and anti-IFN-gamma beads were applied together in the 

same sample, which supports the applicability of these two antibody-coupled beads 

in multiplex assays. For the multiplex bead-based assay the cytokine detection range 

was 31.5-5000 pg/ml and 15-10000 pg/ml for equine IL-12 and IFN-gamma 

respectively, which are similar to those reported before in humans (PRABHAKAR et 

al. 2004) and horses (WAGNER u. FREER 2009). 

A significant increase in the detectable MFIs was observed in the multiplexed assays 

compared to the respective individual cytokine assays. This can be explained by the 

higher detection sensitivity achieved by the higher dilution of the reactants in the 

multiplex assay, confirming the observation that the antibodies used to establish the 

bead-based assays are highly specific for equine cytokine binding and thus suitable 

for equine bead-based multiplex approaches. These detection sensitivity results are 

in accordance with previous results using mainly mAb in applied multiplex 

approaches (PRABHAKAR et al. 2004; DUPONT et al. 2005; WAGNER u. FREER 
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2009) reporting considerably high analytical sensitivities for several other cytokines 

(10-15 pg/ml). These sensitivities are similar to the ones seen in our analyses (31.5 

pg/ml for IL-12 and 15.3 pg/ml for IFN-gamma) using exclusively mAb.  

However, a general reduction of the MFIs in the multiplex assays compared to the 

singleplex has also been reported (CARSON u. VIGNALI 1999; DERNFALK et al. 

2007). Dernfalk et al. attribute this to increased non-specific bindings of the different 

applied antibodies in the mixture in which the multiplex assay is performed 

(DERNFALK et al. 2007). This lower antibody sensitivity in the multiplex approaches 

could be probably caused by the used antibody type, as Dernfalk et al. and 

Johannisson et al. developed multiplex assays for bovine and swine cytokine 

detection using mainly polyclonal antibodies reporting reduced analytical sensitivities 

(ranging from 2000 to 6500 pg/ml and 180 to 1600 pg/ml, respectively) 

(JOHANNISSON et al. 2006; DERNFALK et al. 2007).  

Equine IFN-gamma concentrations in supernatants from stimulated PBMCs were 

measured with the developed bead-based IFN-gamma assay and an anti-equine-

IFN-gamma ELISA (Equine IFN-gamma ELISA kit (ALP), 3117-1A-6, MABTECH, 

Nacka Strand, Sweden). The highest IFN-gamma concentrations were obtained after 

stimulating PBMCs with PMA/Ionomycin, while the stimulation with supernatants from 

cells transfected with the pIRES-hrGFPII-eIL-12 and pIRES-hrGFPII-Flexi-eIL-12 

vector induced the second highest measured IFN-gamma concentrations, but no 

significant difference was observed when the outcome for each vector was 

compared. The IFN-gamma concentrations obtained with the ELISA and Luminex 

assay showed a similar pattern. Although some significant differences were present 

when both methods were compared, it can be concluded that both assays show 

similar outcomes (Fig. 3) which supports the suitability of the herein generated 

Luminex bead-assay to measure equine IFN-gamma concentrations in biological 

samples.  

The IL-12 bead-based assay was also used to measure IL-12 concentrations in 

PBMCs supernatants after stimulation with PMA/Ionomycin and IFN-gamma/LPS, as 

well as in equine serum samples (Fig. 4). Higher IL-12 concentrations were obtained 

when PBMCs were stimulated, although no significant differences where detected 

when compared to non-stimulated PBMCs. The measured equine IL-12 serum levels 

(1374 ± 8 pg/ml) were slightly higher than those reported for healthy human patients 
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(427 ± 264 pg/ml) (SESTER et al. 2000) but the variance among samples and 

patients was considerably lower than in humans.  

IL-12 concentrations where additionally measured in the supernatants and lysates of 

in vitro transfected cells with three IL-12 encoding expression vectors (pUSEr-IRES-

IL12, pIRES-hrGFPII-eIL-12 and pIRES-hrGFPII-Flexi-eIL-12). Higher IL-12 

concentrations were detected in the supernatants of transfected cells (Fig. 5) 

whereas undetectable or very low IL-12 concentrations were measured in the 

supernatants and lysates of the respective negative controls of each transfection 

(data not shown). Interestingly, MTH53A cells (canine origin) show lower supernatant 

IL-12 concentrations than the HoMelZh cells, which could be because of the different 

capabilities or origin of the applied cells. The higher IL-12 concentrations in MTH53A 

cell lysates after pIRES-hrGFP-Flexi-eIL-12 transfections could be explained by the 

higher transfection efficiency obtained by this vector when compared to the pIRES-

hrGFPII-eIL-12 vector and the apparent lower capability of these cells to secrete IL-

12 into the media. Depending on the vector used to transfect the cells, different IL-12 

concentrations were measured. The IL-12 concentrations were higher when higher 

transfection efficiencies were obtained (data not shown), while no differences in the 

IFN-gamma concentrations were seen after stimulating the PBMCs with the 

transfection supernatants (Fig. 3).  

The transfection efficiency of the pIRES-hrGFPII-eIL-12 vector (7709bp in size) was 

previously reported (% of GFP positive cells: 16% (DURAN et al. 2011)) and the 

efficiencies for the pIRES-hrGFP-Flexi-eIL-12 vector (7098bp in size) were 

afterwards also determined (38% GFP positive cells, unpublished data). The 

transfection efficiencies of the herein performed transfections were controlled via 

fluorescence microscopy and it was observed that generally higher numbers of GFP 

positive cells also produced higher IL-12 amounts when measured with the singleplex 

and multiplex bead-based assay. The transfection efficiency of the pUSEr-IRES-

eIL12 vector could only be assessed measuring the IL-12 concentrations after 

transfection due to the lack of other marker proteins in the vector. Results show that 

the IL-12 concentrations measured in the supernatants/lysates from MTH53A and 

HoMelZh cells after the pUSEr-IRES-IL12 transfections are significantly lower than 

those measured after transfection with the two other vectors (Fig. 5, Table 6). These 

results agree with previous results reported by McMonagle et al., where several IL-12 

encoding vectors were built and the production of biologically active equine IL-12 
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analysed through indirect evaluation of the cytokine expression (MCMONAGLE et al. 

2001). They assessed the effect of different vector types over the equine IL-12 

expression after transfection. The vectors used, an iresEqIL-12 (restricted in size and 

offers coordinated regulation of p35 and p40 subunits) and a flexiEqIL-12 vector (also 

restricted in size and coordinated regulation of p35 and p40 subunits but with an IL-

12 single chain DNA, where the subunits are physically linked by a sequence 

encoding a flexible peptide linker) (MCMONAGLE et al. 2001) were the ones here 

used to generate the transfected pIRES-hrGFPII constructs. Similarly, as seen in our 

results McMonagle et al. achieved superior expression of bioactive equine IL-12 after 

transfection with the flexiEqIL-12 vector than with the iresEqIL-12 constructs 

demonstrated by analysing anti-IL-12 Western Blots and IFN-gamma inducing activity 

(MCMONAGLE et al. 2001).  

In conclusion the presented results demonstrate that the used antibody pairs are 

suitable for multiplexing and the simultaneous quantification of IL-12 and IFN-gamma 

in the horse. Herewith the already existing equine multiplex assay developed by 

Wagner and Freer (WAGNER u. FREER 2009) could be expanded making 

eventually possible the simultaneous quantitative detection of five different equine 

cytokines (TNF-α, IL-4, IL-10, IL-12 and IFN-gamma) in the same sample. Moreover, 

since the here used cross reacting antibodies with equine IL-12 and IFN-gamma are 

specific against bovine cytokines, our results suggest that this bead-based assay 

could also be applied to assess cytokine concentrations in cattle, allowing eventually 

the simultaneous detection of IL-12 and IFN-gamma together with the previously 

multiplexed bovine IL-1beta, IL-6 and TNF-alpha (DERNFALK et al. 2007).  

Conclusions  

The herein established method allows the simultaneous measurement of equine IL-12 

and IFN-gamma concentrations in biological samples. Using this new diagnostic tool two 

of the main cytokines involved in IL-12-mediated equine melanoma therapy can now be 

accurately evaluated. This new possibility allows the monitoring and determination of 

therapeutic effects and can be used for further development and improvement of 

therapeutic approaches.  

The high sensitivity and quantification range as well as the simultaneous detection of 

multiple analytes in one sample of the Luminex bead-based multiplex technology in 

combination with the increasing number of detectable cytokines in veterinary medicine, 

make the multiplexed approaches attractive for various fields in veterinary medicine 

including diagnostics, basic immunological research and therapy development.  
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List of abbreviations 

AP    Alkaline phosphatase 
CIA    Competitive Immunoassay 
IFN-gamma   interferon gamma 
IL-12    interleukin 12 
mAb    mononuclear antibody 
MFIs    median fluorescent intensities  
RT    Room temperature 
RT-PCR   real-time PCR  
Th1 cells/response  T helper subtype 1 lymphocytes/Th1 cell mediated 

immune response 
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A simple short protocol to enhance DC generation in horses by using a human CD14 

monoclonal antibody (mAb) and an automated magnetic activated cell sorting 

(MACS) system was herein established. 

PBMCs were isolated from fresh heparinised blood samples and primarily stained for 

flow cytometric analysis (FACS) with a mAb against human CD14 as well as a 

secondary PE conjugated antibody to determine the initial percentage of CD14 cells 

in the sample. PBMCs were used for automated MACS using the same primary and 

secondary antibodies and analysed by FACS. CD14+ selected cells were cultured for 

4 days adding GM-CSF and IL-4 to the culture media. DC generation was assessed 

analysing cell morphology and surface marker expression (hCD83, hCD86, 

eqMHCII). 

Before selection the mean percentage of CD14+ gated monocytes was 78.46% while 

after selection, 98% of the cells were CD14+. After culture, the performed CD14+ 

selection increased by 2-fold the DC-yield when compared to conventional 

techniques. The additional CD14 automated cell separation step after PBMC isolation 

increased significantly the number of CD14+ cells, enhancing subsequent DC 

generation.  
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Summary 

Reasons for performing study: CD14 positive (CD14+) cells are the precursor cells 

of monocyte-derived dendritic cells (DCs). In horses their potent antigen-presenting 

capacity and ability to induce an effective immune response classify these cells 

suitable for several therapeutic approaches as for equine sarcoid. However, in horses 

the generation efficiency of DCs from adherent peripheral blood mononuclear cells 

(PBMCs) is currently still poor. 

Objectives: Establishment of a simple short protocol to enhance DC generation in 

horses by using a human CD14 monoclonal antibody (mAb) and an automated 

magnetic activated cell sorting (MACS) system. 

Methods: PBMCs were isolated from fresh heparinised blood samples of three 

horses and primarily stained for flow cytometric analysis (FACS) with a mAb against 

human CD14 as well as a secondary PE conjugated antibody to determine the initial 

percentage of CD14 cells in the sample. PBMCs were used for automated MACS 

using the same primary and secondary antibodies and analysed by FACS. CD14+ 

selected cells were cultured for 4 days adding GM-CSF and IL-4 to the culture media. 

DC generation was assessed analysing cell morphology and surface marker 

expression (hCD83, hCD86, eqMHCII). 

Results: Prior selection the mean percentage of CD14+ cells in the total cell 

population was 5.5%, further gaiting of this cell population resulted in 78.46% CD14+ 

monocytes. After our positive selection the mean percentage of CD14+ cells in the 

population was 98% without affecting viability. After culture, DC yield was 2-fold 

higher than in previous published outcomes.  

Conclusions: The additional CD14 cell separation step after PBMC isolation 

significantly amplified the number of CD14+ cells, increasing the number of 

generated DCs. 
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Potential relevance: The number of DCs available is critical for further use of these 

cells, therefore the herein described protocol will help to improved DC generation for 

therapeutic approaches in horses. 

 

Introduction  

DCs show potent antigen-presenting capacity and the ability to induce effective 

immune responses, classifying them for different therapeutic approaches aiming 

stimulation or suppression of the immune responses in human and veterinary 

medicine [1]. In humans, DCs are particularly used in cancer therapy [2], immune-

mediated therapy [3] and prevention and or treatment of autoimmune diseases [4]. 

In horses, DCs are currently also being generated and used for the treatment of 

some skin tumours as equine sarcoid or DC-based immunotherapy [5, 6, 7]. 

Monocyte-derived DCs can be generated in vitro from peripheral blood CD14+ 

monocytes after the addition of specific growth factors to the culture medium [8, 9]. 

Different protocols were reported allowing the generation of DCs in horses and 

modification of these protocols resulted in increased numbers of generated DCs [10, 

11, 12]. Unfortunately, in horses the achieved efficiency of this process is still poor, 

resulting in unsatisfying yields of generated DCs.  

Advances in cell purification have provided different methodical options to generate 

in humans DCs as the isolation of CD14+ cells by positive selection via magnetic 

activated cell sorting (MACS) allowing a rapid and high yield selection of pure cell 

populations. To apply this method in horses, a specific antibody recognizing the 

respective cell surface marker is required. The monoclonal antibody (mAb) against 

human CD14 (Clone 7H3, Big 10a) was found to cross-react with equine cells [12].  

Non-automated magnetic isolation of equine monocytes with this human CD14 mAb 

by column separation was described by Steinbach et al [6]. 

Recently three mAb recognising specifically the equine CD14 surface marker were 

generated and evaluated [13]. These new eqCD14 mAbs were compared with the 

human CD14 mAb (Clone 7H3, Big 10a) in terms of binding specificity. In the same 

study, magnetic cell sorting using one of the generated equine CD14 mAb and LS 

columns (MACS System) was performed. The selection was accomplished manually 

and followed by FACS analyses and differential staining. A further cultivation of the 

selected cells was not performed. In addition the group reported that by using the 

human CD14 mAb the majority of the selected cells showed monocyte morphology 
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while a small number of those cells showed a different morphology classifying them 

as lymphocytes. When using the equine CD14 mAb 105 all the selected cells showed 

monocyte characteristics indicating a higher specificity [13]. 

Herein we established an alternative, rapidly and easily applicable protocol using the 

commercially available human CD14 mAb (Clone 7H3, Big 10a) selecting CD14+ 

cells from equine PBMCs in combination with an highly efficient automated magnetic 

sorting device (autoMACS® Pro). The combination of an easy available mAb with the 

high efficient automatic separator system allows to rapidly increase the amount of 

positively selected CD14+ cells and thereby the number of generated DCs. After four 

days of cultivation the amount of generated DCs was determinated assessing cell 

morphology and FACS analysis of the cell surface markers MHCII, CD83, and CD86.  

 

Methods 

PBMC Isolation, cell selection and FACS analysis 

Fresh blood samples (70 ml/sample, one sample per horse) were collected out of the 

jugular vein of three healthy horses into sterile VACUETTE®b sodium heparin tubes. 

PBMCs were isolated using the method established previously by Mauel et al. [10, 

12]. The PBMC interface was resuspended in AIM V Mediumc and cultured at 37°C in 

5% CO2 for 2 h. Non-adherent cells were removed by washing. Adherent cells were 

detached with a cell scraper and used for cell surface staining with a monoclonal 

antibody (mAb) to human CD14 (1:100)d. Since the specific anti equine CD14 mAb is 

still not easily accessible, we decided to use this commercially available cross-

reactive anti human CD14 mAb. A secondary PE conjugated goat anti-mouse IgG(H 

+ L) antibody was applied afterwards (1:100)e. The IgG1 isotype was used as 

negative control (Mouse IgG1 Negative Control, MCA928PE)f. All staining steps were 

performed in MACS buffer (phosphate-buffered saline (PBS), 0.5% fetal calf serum 

(FCS) and 2 mM ethylenediaminetetraacetic acid (EDTA)) and the washing steps in 

PBS. To evaluate the amount of CD14+ cells per sample, the stained PBMCs were 

measured in a FACSCaliburg flow cytometer. 

For analysis, major populations of equine peripheral blood leukocytes were identified 

using a linear forward scatter (FSC) and a side scatter (SSC). A monocyte gate was 

set according to the FSC/SSC characteristics of the cells. 

For automated MACS separation PBMCs were stained applying the same mAb to 

human CD14 and secondary PE conjugated goat anti-mouse IgG(H + L) antibody. 



RESULTS III 

 

78 

After antibody staining, the PBMCs were incubated with anti-PE MicroBeads (Cat. 

No. 130-048-801)h to label the cells magnetically. Subsequently, separation was 

performed with the autoMACS® Pro separator system for positive selection h. The 

magnetic cell sorting procedure was strictly performed at 4°C according to the 

supplier’s protocol. The obtained positive and negative cell fractions were analysed 

by flow cytometry.  

Quantification and viability of the separated cells was determined by trypan blue dye 

exclusion using the Cellometer Auto T4 cell counting systemi and by TO-PRO-3 

iodide staining for flow cytometry (1:1000)c. 

Isolation, staining and selection were performed for each blood sample. 

 

Cell culture and DC generation 

CD14 positive and negative cells were cultured in sterile 25cm2 cell culture flasks 

containing 5 ml RPMI-1640j with 10% heat-inactivated fetal calf serumk, 292 mg/ml L-

glutaminej, 100 U/ml penicillinj and 100 mg/ml streptomycinj (complete medium). At 

day 0, 2000 U/ml huGM-CSFl and 10 ng/ml eqIL-4m were added. At day 2, cells were 

fed with complete medium adding 500 U/ml GM-CSF and 10 ng/ml eqIL-4.  

Culture period of 4 days was chosen considering previous reported results wherein 

the highest expression of EqWC2, MHC II and CD86 in DCs was observed at days 3 

and 4 after PBMC isolation [10]. 

 

DC generation assessment 

The differentiation of monocytes after CD14+ selection was assessed four days after 

selection through cell morphology and FACS analysis. 

 

Cell morphology analysis 

After selection and on day four of culture cell morphology was assessed by light 

microscopy (Leica DMI6000 B)n directly in the cell flasks. Characteristics typically 

seen in DCs are a stellate-like morphology with irregular cell surface, bigger cell 

nucleus and vesicles/vacuoles in the cytoplasm (signs of endocytosis), were 

considered signs of DC generation.  

 

FACS analysis 

The surface markers eqMHCII, CD83 and CD86 were used for DC generation 

assessment. Directly after selection and on day four of culture, CD14 positive and 
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negative cells were stained with the murine antibodies against equine MHCII 

(eqMHCII), and -due to the lack of specific equine mAbs- human huCD83 (clone HB-

15e)o and huCD86 (clone IT2.2)o, using the appropriate isotype controlso.  

 

DC outcome 

The DC outcome was calculated using the percentage of vital CD14+ cells 

expressing the surface marker eqMHCII four days after cultivation.  

For the outcome calculation the expression of the cell surface marker CD83 and 

CD86 was not considered since these antibodies were not specifically generated 

against the equine antigens.  

 

Statistics 

Statistical significance was determined using the 1-tailed Wilcoxon-Mann-Whitney 

test. Differences were considered statistically significant for p ≤ 0.05. 

 

Statement of ethical approval 

Blood used for this study was collected as part of a routine procedure prior to 

anaesthesia from horses involved in an anaesthesiology research project. All 

procedures were approved by the State Office for Consumer and Food Safety in 

accordance with the German Animal Welfare Law (Nr. 33.12-42502-04-11/0572). 

 

 

Results  

PBMC Isolation, cell selection and FACS analysis 

The mean cell yield after PBMC isolation out of peripheral blood was 5.3x106 

cells/ml. After the first flow cytometry analysis, the mean percentage of CD14+ cells 

from the total cell population was 5.5% (Figure 1). Following monocyte gate setting, 

78.46% of the gated cells were CD14+ (Table 1, Figure 2). The mean percentage of 

CD14+ gated monocytes after positive selection of the CD14+ cells was 98% (Table 

1, Figure 1 and 2). 

Trypan blue exclusion showed a mean cell viability of 91% before selection, whereas 

with the TO-PRO-3 iodide stainingc the mean viability after selection was 96.97% 

(Table 1). 
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FIGURE 1: Flow cytometry analysis 
Flow cytometric analysis of equine leukocytes using an anti-equine CD14 mAb (Clone 7H3; Big 10, 
Biometec, Greifswald, Germany). (A) Forward and side scatter of the leukocyte population, the gated 
cells (monocytes) were used for the analysis of CD14 staining. (B) Isotype control. (C) Anti-human 
CD14 positive cells.  
The staining was performed on leukocytes from three horses. The figure shows the results from the 
mean values. 

 
 
 
FIGURE 2: CD14+ gated cells before and after separation 
Mean percentage of CD14+ monocytes before and after automated MACS separation. Each bar 
represents a mean ± SD. * p ≤ 0.05. 
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TABLE 1: CD14 positive cells before selection 
Cell count, viability and percentage of CD14+ cells before automated MACS separation, and 
percentage of CD14+ cells and viability after automated MACS separation. 
 

PBMC 
Isolation 

Cell count 
(cells/ml) 

Cell viability 
before 

selection 
(%) 

Total 
CD14+ 

cells 
(%) 

CD14+ 
monocytes 

before selection 
(%) 

CD14+ 
monocytes 

after selection 
(%) 

Cell viability 
after 

selection 
(%) 

 

1 8570000 91 5.9 77.94 98.15 97.62 

 

2 5800000 89 3.61 81.13 96.91 96.28 
 

3 1534000 93 7 76.3 99.93 97.02 
 

Mean 5301333.3 91 5.50 78.46 98.33 96.97 
 

SD 3544407.6 2 1.73 2.46 1.52 0.67 
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DC generation assessment 

Cell morphology analysis 

After four days of culture, CD14 positive cells showed typically DCs characteristics 

(Figure 3), whereas CD14 negative cell morphology was similar to the one directly 

after selection (data not shown). 

 

TABLE 2: Cell surface marker expression in CD14+ selected cells 
Percentage of CD14+ cells expressing the respective cell surface marker (hCD83, hCD86, eqMCHII) 
and mean fluorescence intensity (MFI) of each marker expression on day cero and four of culture. 
 

 

Cell surface marker 
 

Day 0 
 

Day 4 
 

eqMHCII 
 

8.9% (MFI 47) 
 

82.6% (MFI 198) 
 

hCD83 
 

11.2% (MFI 3.5) 
 

24.28% (MFI 10) 
 

hCD86 
 

7.6% (MFI 11) 
 

21.97% (MFI 26) 

 

 

FIGURE 3: Cell morphology 4 days after CD14+ cell culture 
CD14+ selected cells were cultured adding hGM-CSF and eqIL-4 to the culture media. Four days after 
culture cell morphology was assessed with light microscopy. Cells show a stellate morphology with 
irregular surface, bigger cell nucleus and vesicles/vacuoles in the cytoplasm which are characteristics 
typically seen in DCs. Scale bar 25µm. 
 

 
 

FACS analysis 

Results for surface markers expression are shown in table 2 and figure 4, directly 

after selection the eqMHCII, huCD83 and huCD86 expression was similar to the 

controls (Isotyp controls). After 4 days of cultivation, the expression of eqMHCII, 

huCD83 and huCD86 was markedly higher (eqMHCII: 82.6%, huCD83: 24.28%, 

huCD86: 21.97%). 
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FIGURE 4: Cell surface marker expression directly after CD14+ selection and 4 days after 
culture 
Flow cytometric analysis of equine CD14+ cells. Cells were analysed for the indicated markers. Black 
eqMHCII expression, grey hCD83 and white hCD86 expression. (A) CD14+ cells directly after 
selection and (B) after 4 days of cultivation.  

 

DC outcome 

Considering that 82.6% of the CD14+ cells were expressing the surface marker 

eqMHCII four days after selection, using this percentage and the number of vital 

CD14+ cells, our DC outcome was 14.78x106 DCs from 70 ml of blood resulting in 

21.1x106 DCs from 100 ml of blood (82.6% x [(28.7x106 cells) x (89% vital cells)] 

=14.78x106 DCs/ 70 ml blood) (Table 3). Results show that the herein DC outcome is 

2-fold higher than the previous outcome of 10x106 DCs/100ml blood reported [10]. 
 

TABLE 3: DC outcome after 4 days of CD14+ cell culture 
Cell counts before and after CD14+ selection. Using this numbers the DC outcome was calculated 
considering cell vitality and percentage of cells expressing eqMHCII 4 days after culture. 
 

PBMCs cell count after isolation 5301333.3 cells/ml 

% of CD14+ PBMCs after isolation 5.5% (291573.30 cells/ml) 

% of CD14+ cells after selection 98.33% (286704.03 cells/ml) 

% of vital cells after culture 89% (17.89x106 cells/70ml) 

% of eqMHCII expressing cells 82.6% (14.78x106 cells/70ml) 

Mean outcome with CD14+ selection 21.1x106 DCs/100ml blood 

Mean outcome Dietze et al 10 x106 DCs/100ml blood 

 

Discussion  

The generation efficiency of DCs from a specific blood volume is critical when using 

in vitro generated DCs for therapeutic approaches. To increase this number of 

generated DCs a positive selection of CD14+ monocytes can be used before 

cultivation of the adherent PBMCs. This separation is also an advantage for the 

subsequent culture as the required DC-inducing growth factors, as GM-CSF and IL-4, 

are applied on a selected enriched cell population. Based on previous reported 

protocols [10, 11], we isolated PBMCs from equine peripheral blood for DC 
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generation. Directly after PBMC isolation an additional cell selection step was 

introduced using a human CD14 mAb. The equine CD14 positive cells were selected 

and cultured applying the recommended cytokine concentrations for DC generation 

[10]. 

For the separation of CD14+ cells in humans, magnetic beads labelled with a human 

CD14 antibody are available (CD14 MicroBeadsh) and can be applied successfully to 

isolate PBMCs from human blood. Unfortunately, we saw that this CD14 antibody 

coupled to the magnetic beads (CD14 MicroBeadsh, Cat. No. 130-050-201) does not 

cross-reacts with equine CD14+ cells (data not shown). However, our results show 

that using a human CD14 mAb the positive selection of CD14+ cells with the 

automated MACS system is possible with equine cells, resulting in a significantly 

higher number of CD14+ cells after separation (Figure 2; p<0.05). No protocol-

induced negative effects could be observed on cell viability (Table 1).  

The efficiency of the here applied human CD14 mAb was evaluated before for equine 

cells [6, 12, 13, 14], but the applicability of these antibody to select CD14+ cells with 

the autoMACS® Pro separator system and subsequently cultivation of these cells was 

not performed and thus established and evaluated by us now.  

The non-automated magnetic separation of CD14+ monocytes from isolated equine 

PBMCs using the human CD14 mAb and LS Columns was also performed by 

Steinbach et al.. They compared the monocyte outcome after cell adherence with the 

one after CD14+ selection, reporting an 8.9 fold increase after the separation 

protocol [6]. In our protocol, after PBMC isolation monocytes were firstly selected via 

adherence [12] and then CD14+ separated using the automated MACS system. The 

use of the automated MACS separation after cell adherence allowed a mean purity of 

CD14+ cells of 98.33% (mean: 98.33%; SD: 1.52), whereas Steinbach et al. reached 

a 92.35% purity (mean: 92.35%; SD: 3.89)[6]. Interestingly, even though the same 

method was used to isolate PBMCs, our cell count after isolation (5301333.3 cells/ml) 

was considerably higher than the one reported by Steinbach et al. (200000 cells/ml) 

[6]. The reason for this increase could be that we performed the isolation immediately 

after the blood sampling and all the FACS staining and MACS separation steps were 

performed strictly at 4°C. Thus, the herein presented protocol allowed a 4.4 fold 

increase in the number of monocytes per ml blood when compared with the one 

reported by Steinbach et al. (286704 cells/ml vs. 64645 monocytes/ml)[6]  
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After selection, the majority of the CD14+ cells should be monocytes. Nevertheless, 

Kabithe et al. reported that some of the human CD14+ mAb selected cells did not 

show monocyte morphology after differential staining [13]. As we used the same 

human mAb clone as Kabithe et al., it was assumed that a significant amount of the 

herein CD14+ selected cells should not have monocyte characteristics and therefore 

would not be able to generate DCs. FACS analyses after CD14+ selection revealed 

that the population showed mainly monocytes characteristics. After four days of 

cultivation the cell surface marker expression and morphology of the selected 

fractions allowed as to state that the majority of the CD14+ cells were monocytes, 

although a differential staining was not performed in our study. 

Our results show that the application of the herein described protocol -using the 

human CD14 mAb- allowed to easily increase the number of generated DCs by 2-fold 

compared to the previous reported outcomes [10, 11]. Thus, as long as evaluated 

equine specific CD14+ antibodies -as the one generated by Kabithe et al. [13]- are 

hardly available, the herein described protocol offers an efficient alternative. 

However, the achieved efficiency is very likely to be even more improved at the 

moment that evaluated equine CD14 mAb will be easily commercially available. This 

will allow a more efficient separation of equine CD14+ cells and thus lead to an even 

higher DC outcome after cultivation.  

In this study DC generation was primary evaluated by analysing the surface marker 

expression of CD83, CD86, and eqMHCII as well as the morphology of the cells. 

Marker expression analyses showed that the number of generated DCs can be 

significantly increased. This was clearly seen using the equine specific eqMHCII 

antibody. CD83 and CD86 analyses also showed an important increase in the 

surface marker expression but with lower intensity in comparison to the results for 

eqMHCII. This may be due to the fact that the later antibodies are not specifically 

generated against the equine antigens. Therefore, the lower binding efficiency can be 

the result of a partial cross-reactivity. Nevertheless, the combined data indicates 

clearly an increased DC generation efficiency using the presented protocol. However, 

before generated DCs can be entirely used for therapeutic approaches further 

functional analyses of these DCs as maturation status determination and differential 

cell staining will be required. 

In conclusion, the herein described separation of CD14+ cells from equine blood 

using a human CD14 mAb and the autoMACS® Pro separator system was proven to 
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be highly efficient for equine cells. This protocol significantly increased the 

percentage of CD14+ cells in the sample without major negative effects on cell 

viability, allowing a 2-fold higher DC outcome than in previous reports.  

The increased efficiency will be helpful for the equine community working in the field 

of generated equine DCs. 
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VI GENERAL DISCUSSION 

Immunotherapeutic approaches are currently widely being used in human as well as 

veterinary medicine to treat several types of cancer. A variety of cytokines have been 

evaluated and applied in cancer therapy (e.g. IL-12, IL-2, IFN-γ, IFN-alfa, 

etc.)(ROSENBERG et al. 1994; FISHER et al. 2000; KIRKWOOD et al. 2000; P. LEE 

et al. 2001; IKEDA et al. 2002). After treatment the induced IL-12 effects have shown 

promising results (NASTALA et al. 1994; ZITVOGEL et al. 1995; ATKINS et al. 1997; 

BAJETTA et al. 1998; RAKHMILEVICH et al. 1999; L. HEINZERLING et al. 2002; L. 

HEINZERLING et al. 2005; MAHVI et al. 2007; DAUD et al. 2008). IL-12 is as a 

potent cytokine production inducer, growth factor for pre-activated T and NK cells; 

enhancer of cytotoxic activity in both CD8+ T and NK cells (KOBAYASHI et al. 1989), 

tumor recognition enhancer (YUE et al. 1999) and angiogenesis inhibitor (YAO et al. 

2000; L. HEINZERLING et al. 2002) . IL-12 has been applied in several melanoma 

therapy approaches. The intravenous injection of recombinant human IL-12 of human 

patients with melanoma induced in one patient transient complete response and in 

four no disease progression. Nevertheless, common toxicities (fever/chills, fatigue, 

nausea, vomiting, and headache) and an on study death were reported (ATKINS et 

al. 1997). A follow up study applying also recombinant IL-12 systemically reported 

severe unexpected toxicities and death of two patients (LEONARD et al. 1997). 

These seen side effects after the use of recombinant IL-12 stimulated further studies 

to use low dose recombinant IL-12 or gene therapy, applying DNA encoding IL-12. 

The use of Cytokine DNA potentiates the same immune reaction with less toxicity 

than recombinant proteins due to the body’s own protein production with a constant 

plasma level, rather than high, toxic and short-lived plasma levels of recombinant 

proteins (SCHULTZ et al. 1999; COLOMBO u. TRINCHIERI 2002). Heinzerling et al. 

applied DNA encoding human IL-12 into melanomas of human patients based on the 

efficacy obtained previously in preclinical melanoma studies with mice and grey 

horses (L. M. HEINZERLING et al. 2001; L. HEINZERLING et al. 2002). Low, 

medium and high doses of plasmid DNA encoding human IL-12 were injected into 

lesions of nine patients with stage IV malignant melanoma. Therapy was well 

tolerated and three of nine patients experienced a clinical response (two with stable 

disease, one complete remission). 
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In horses, IL-12/-18 mediated therapy has been applied in melanoma treatment with 

partial promising results, but complete remission was only observed in a few cases. 

Limited therapeutic efficiency due to low cytokine transfection efficiencies could 

explain this outcome. Thus, this study aimed to determine transfection efficiency of 

IL-12 encoding expression vectors as well as to measure IL-12 concentrations after 

transfection. Additionally, considering the key role of dendritic cells (DCs) in the 

immune mediated tumor therapy an efficient protocol for DC generation in horses 

was established. The use of DCs in further melanoma studies could prospectively 

increase the therapeutic outcome in melanoma bearing horses.  

Reproducible high transfection efficiencies with low methodology-induced cytotoxic 

side effects are essential to obtain a specific effect on the targeted cells when 

exogenous DNA is transfected. Different approaches and modifications such as the 

use of different kinds of nanoparticles (NPs) are been used to increase the required 

transfection efficiencies. Herein transfection efficiency and methodology-induced 

cytotoxicity were analysed after transfection with different NP-mediated and 

conventional approaches (manuscript I), transfection efficiency was significantly 

increased using AuNP mediated transfection protocols with different effects on cell 

viability depending of the NPs applied.  

The accurate IL-12 protein expression assessment after transfection with IL-12 

encoding vectors is essential to further analyse IL-12 mediated equine melanoma 

therapeutic approaches and if needed modify or improve it. In horses the 

quantification of IL-12 concentrations, in vivo and in vitro, has been hampered due to 

the lack of adequate assays. The IL-12 protein expression was herein firstly 

assessed using Western Blotting and immunofluorescence targeting both IL-12 

subunits (p35 and p40)(manuscript I and annex). Afterwards, several antibodies were 

tested for cross reactivity with equine IL-12 and IFN-gamma and a specific bead-

based Luminex assay could be developed for the quantitative assessment of IL-12 

and IFN-gamma in horses (manuscript II). Using this new Luminex bead-based 

diagnostic tool, two of the main cytokines involved in IL-12-mediated equine 

melanoma therapy can now be accurately evaluated for monitoring and determination 

of therapeutic effects and used for further development and improvement of 

therapeutic approaches. Herewith the already existing equine multiplex assay 

developed by Wagner and Freer could be expanded allowing theoretically the 

simultaneous quantitative detection of five different equine cytokines in one same 
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sample (TNF-α, IL-4, IL-10, IL-12 and IFN-gamma) (WAGNER u. FREER 2009). 

Thus, the cytokine multiplexing method could be also in hoses, as in humans, a 

major diagnostic tool for the development of multiple therapies and to further assess 

therapy success. 

The herein developed bead-based method was applied to determine the cytokine 

concentrations in different samples. The supernatants and lysates of cells after 

transfection with the IL-12 encoding vectors were analysed. Depending on the vector 

used to transfect the cells (MTH53A or HoMelZh cell lines) different IL-12 

concentrations were detected. The IL-12 protein concentrations were higher when 

higher transfection efficiencies were obtained, while no differences in the IFN-gamma 

concentrations were seen after stimulating PBMCs with transfection supernatants.  

Higher transfection efficiencies after the pIRES-hrGFPII-Flexi-eIL-12 transfections 

when compared to the ones obtained with the pIRES-hrGFPII-eIL-12 vector could 

explain the higher IL-12 concentrations measured in MTH53A cell lysates 

(manuscript II, Fig. 5). The assessment of the transfection efficiency using the 

pUSEr-IRES-eIL12 vector showed that the IL-12 concentrations were significantly 

lower than those measured after transfection with the two other vectors (pIRES-

hrGFPII-eIL-12 and pIRES-hrGFPII-Flexi-eIL-12)(manuscript II, Fig. 5). These 

findings agree with previous reported results where several IL-12 encoding vectors 

were built and the production of biologically active equine IL-12 analysed through 

indirect evaluation of the cytokine expression (MCMONAGLE et al. 2001). Using 

Western blotting and IFN-gamma inducing activity McMonagle et al. detected 

superior expression of bioactive equine IL-12 after transfection with the flexiEqIL-12 

vector than with the iresEqIL-12 constructs (MCMONAGLE et al. 2001), similarly to 

the herein generated results measuring IL-12 and IFN-gamma concentrations after 

transfection. Interestingly the immunofluorescence after cell transfection with the 

pIREShrGFP-eIL12 vector, performed as part of our study, using an anti IL-12 p40 

antibody did not result in a positive signal (data not shown), whereas a clear 

fluorescence was observed after the transfection with the pIREShrGFP-Flexi_eIL12 

vector using the same antibodies (annex, results, Fig. 2-5). This finding suggests that 

the IRES segment separating the two cDNA eIL-12 subunits potentially has a 

negative effect on the p40 subunit expression after transfection.  

In general, it is known fact that the size of the transfected vectors influences the 

subsequent transfection efficiency. Yin et al. reported an inverse correlation between 



GENERAL DISCUSSION 

91 

the construct size and the promoter/enhancer activity in mammalian cells (YIN et al. 

2005). Larger plasmid or recombinant plasmid constructs resulted in lower 

transfection efficiencies compared to used smaller constructs (YIN et al. 2005). The 

presented results in manuscript I showed that the overall transfection efficiency after 

transfection with a smaller vector (pIRES-hrGFPII-rHMGB1, 5531 bp) was higher 

than the one after the pIRES-hrGFPII-eIL12 transfections (7709 bp). When 

comparing the equine IL-12 encoding vectors, the pIRES-hrGFPII-eIL12 construct is -

due to the IRES segment in between both IL-12 subunits- 611 bp larger than the flexi 

vector (7098 bp). This size difference appears to show a major effect in the observed 

overall transfection efficiencies of the vectors. In fact, the pIREShrGFP-Flexi_eIL12 

vector reached two fold higher transfection efficiencies than the pIRES-hrGFPII-eIL12 

vector (annex, results, table 1, and Fig. 10).  

Interleukin-12 (IL-12) is a heterodimeric cytokine produced by DC, macrophages, 

polymorphonuclear leukocytes and keratinocytes (LAMONT u. ADORINI 1996). The 

anti-tumor effect of DC genetically modified with an IL-12 gene was examined in 

mouse tumor models (RIBAS et al. 2002). It was reported that following intratumoral 

injection, bone-marrow-derived DC, genetically modified with an IL-12 gene, showed 

enhanced uptake of tumor antigens at the tumor site, suppressed the in vivo growth 

of tumors and induced a strong anti-tumor T-cell response (NISHIOKA et al. 1999; 

YOSHIDA et al. 2010). Considering the main role that DCs play in the immune 

response, their use in the immunogene mediated equine melanoma therapy could 

induce desirable effects.  

The generation efficiency of DCs from a specific blood volume is critical when using 

in vitro generated DCs for therapeutic approaches. To increase the amount of 

generated DCs a positive selection of CD14+ monocytes can be used before 

cultivation of the adherent PBMCs. For the separation of CD14+ cells in humans, 

magnetic beads labelled with a human CD14 antibody are available (CD14 

MicroBeads) and can be applied successfully to isolate PBMCs from human blood. 

Unfortunately, this CD14 antibody coupled to the magnetic beads (CD14 

MicroBeads, Cat. No. 130-050-201) does not cross-reacts with equine CD14+ cells. 

However, using another human CD14 mAb (Clone 7H3, Big 10, Biometec, 

Greifswald, Germany) that cross reacts with equine cells (KABITHE et al. 2010) the 

positive selection of CD14+ cells with the automated MACS system was possible. A 

significantly higher number of CD14+ cells after separation, without affecting cell 
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viability was reached. The positive selection allowed to easily increase the number of 

generated DCs by 2-fold compared to previous reported outcomes (HAMMOND et al. 

1999; DIETZE et al. 2008). The herein improved DC generation efficiency is a step 

forward for several DC-mediated therapies in horses.  

Immunogenetherapy could be a promising approach in the search for equine 

melanoma cure. The IL-12/-18 mediated therapy approaches have shown positive 

response in some treated horses but so far complete remission only in few cases (L. 

M. HEINZERLING et al. 2001; MÜLLER et al. 2011a). The combination of several 

immune system stimulators like IL-12/-18, DCs and tumor peptides could allow a 

better therapy outcome. Genetically engineered DCs with IL-12 or tumor antigens or 

activated DCs as cancer vaccines were reported previously to generate promising 

results in human and mice (HSU et al. 1996; NESTLE et al. 1998; MELERO et al. 

1999; MACKENSEN et al. 2000; FIGDOR et al. 2004; GILBOA 2007).  

Plasmid vectors containing the tyrosinase antigen have induced clinical benefits in 

the treatment of melanocytic tumors in humans and dogs (MACKENSEN et al. 2000; 

YEE et al. 2000; BERGMAN et al. 2006). Overexpression of tyrosinase in equine 

melanomas has also been reported, supporting the use of this peptide as a 

melanoma antigen in the horse (PHILLIPS et al. 2012). The vaccination with 

xenogeneic plasmid DNA expressing human tyrosinase (90% homology with the 

equine tyrosinase sequence) appears to elicit tumor antigen-specific reactivity in 

horses, developing the treated animals significantly positive humoral and cell-

mediated immune responses when compared to their individual prevaccination 

values and no adverse reactions or signs of autoimmunity were detected (PHILLIPS 

et al. 2012).  

Considering the latest reported results in human melanoma research, it is more likely 

that combined therapy approaches (cytokines, activated DCs and vaccines) for 

equine melanoma will be the more successful ones. Therefore, the data generated in 

the presented work provides valuable information for the further efficient use of IL-12 

in the equine melanoma therapy.  
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VII FINAL REMARKS 

The present study analysed and improved the in vitro transfection efficiency of 

several equine IL-12 encoding vectors (pIRES-hrGFPII-eIL-12, pIRES-hrGFPII-Flexi-

eIL-12, and USEr-IRES-eIL12). Additionally, after transfection, the IL-12 production 

could be quantified applying a newly established Luminex bead-based method. 

Furthermore, using an anti-human CD14 mAb and an automated cell separation 

device after PBMC isolation, an improved protocol was established increasing 

significantly the number of generated DCs after culture.  
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VIII SUMMARY 

 

María Carolina Durán Graeff 

 

Analysis and improvement of the in vitro transfection efficiency of plasmid-

DNA encoding for equine IL-12 used for melanoma therapy in horses 

 

In horses studies targeting equine melanoma therapy using DNA encoding for 

cytokines as interleukin 12 (IL-12) have shown some promising results. Nevertheless, 

complete remission after treatment has been only observed in few cases. A possible 

explanation for this outcome could be reduced therapy efficiency. Reproducibly high 

transfection rates with low methodology-induced cytotoxic side effects are essential 

to attain the required effect on targeted cells when exogenous DNA is transfected. 

Different approaches and modifications such as the use of nanoparticles (NPs) are 

being evaluated to increase transfection efficiencies. Transfection efficiency and 

methodology-induced cytotoxicity were here analysed after transfection with different 

NP-mediated and conventional approaches using eukaryotic DNA-expression-

plasmids and mammalian cell lines. The addition of gold nanoparticles (AuNPs) to 

the transfection protocols significantly increased transfection efficiency when 

compared to a conventional FHD mediated transfection protocol (pIRES-hrGFPII-eIL-

12 transfections FHD: 16%; AuNPs mean: 28%; pIRES-hrGFPII-Flexi-eIL-12 

transfections FHD: 38%; AuNPs mean: 42% pIRES-hrGFPII-rHMGB1 transfections 

FHD: 31%; AuNPs mean: 39%) and cell vitality was mainly negatively affected by the 

addition of chemically generated AuNPs (Plano-AuNPs).  

 

The quantification of equine IL-12 concentrations after transfection to evaluate 

therapy success has been hampered by the absence of conventionally available 

species-specific antibodies. A method for accurate simultaneous quantification of IL-

12 and IFN-gamma, key cytokines in the immune-mediated melanoma therapy, is 

currently missing in horses. Herein we evaluated several antibodies for cross 

reactivity against equine IL-12 and IFN-gamma and established a bead-based 

Luminex assay allowing accurate detection of this equine cytokines. The verified 

assays were subsequently used to quantify separately and simultaneously equine IL-
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12 and IFN-gamma concentrations in biological samples (stimulated PBMC 

supernatants, lysates/supernatants of transfected cells and equine serum). The 

achieved cytokine detection ranged from 31.5-5000 pg/ml and 15-10000 pg/ml for 

equine IL-12 and IFN-gamma, respectively. IL-12 could be accurately detected in 

supernatants of stimulated peripheral blood mononuclear cells (PBMCs) as well as in 

supernatants/cell lysates of IL-12-expression-plasmid transfected cells expressing 

recombinant equine IL-12. The accurate detection of equine IL-12 in serum samples 

was also analysed. The bead-based detected IFN-gamma concentrations in 

supernatants of stimulated PBMCs were comparable to the concentrations detected 

by anti-equine-IFN-gamma ELISA analyses. Using this new diagnostic tool, two of 

the main cytokines involved in IL-12-mediated equine melanoma therapy can now be 

accurately evaluated and used for further development and improvement of 

therapeutic approaches.  

 

Considering the potent antigen-presenting capacity and ability to induce an effective 

immune response as well as the important role of dendritic cells (DCs) in the immune 

mediated tumor therapy, the use of these cells in further equine melanoma studies 

could increase therapy outcomes in melanoma bearing horses. However, the 

generation efficiency of DCs in horses from adherent PBMCs is currently still poor. 

Therefore, herein a simple short protocol was established to enhance equine DC 

generation by using a human CD14 monoclonal antibody (mAb) and an automated 

magnetic activated cell sorting (MACS) system. Prior selection the mean percentage 

of CD14+ cells in the total cell population was 5.5%, further gaiting of this cell 

population resulted in 78.46% CD14+ monocytes. After the positive selection the 

mean percentage of CD14+ cells in the population was 98% without affecting 

viability. After 4 days of culture, DC yield was 2-fold higher than in previous published 

outcomes.  

 

In summary, the present study analysed and improved the in vitro transfection 

efficiency of equine IL-12.  The IL-12 production after transfection was quantified 

using a Luminex bead-based technology. Furthermore, through an automated CD14+ 

cell separation protocol the number of generated DCs after culture was significantly 

increased.  
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IX ZUSAMMENFASSUNG 

 

María Carolina Durán Graeff  

 

Analyse und Verbesserung der in vitro Transfection Effizienz von Plasmid-DNA 

kodierend für equines IL-12 verwendet in die Melanom Therapie beim Pferd 

 

Der Einsatz von DNA kodierend für Zytokine wie z.B. Interleukin 12 (IL-12) in der 

Melanom Therapie beim Pferd erwies vielversprechende Erfolge. Dennoch konnte eine 

komplette Remission nach der Behandlung nur in wenigen Fällen beobachtet werden. 

Eine reduzierte therapeutische Effizienz könnte dieses Ergebnis erklären. Die exogene 

DNA Transfektion erfordert Reproduzierbar hohe Transfektionseffizienz bei geringen 

zytotoxischen Nebenwirkungen um die gewünschte Wirkung in den Zielzellen zu 

erreichen. Unterschiedliche Ansätze und Änderungen wie z.B. die Verwendung von 

Nanopartikeln (NPs) wurden eingesetzt um diese Transfektionseffizienz zu erhöhen. In 

dieser Arbeit wurden Säugetier-Zelllinien mit eukaryotischen DNA-expressions-Plasmide 

und unterschiedlichen NP-Vermittelte und konventionellen Transfektionsmethoden 

transfiziert um die Transfektionseffizienz und Methodik-Induzierte Zytotoxizität zu 

untersuchen. Die Zugabe von Gold NPs (AuNPs) zu den Transfektionsansätzen erhöhte 

signifikant die Transfektionseffizienz im vergleich mit konventionellen FugeneHD (FHD) 

vermittelte transfections Protokolle (pIRES-hrGFPII-eIL-12 Transfektion, FHD: 16%; 

AuNPs: 28%; pIRES-hrGFPII-Flexi-eIL-12 Transfektion, FHD: 38%; AuNPs: 42%; 

pIRES-hrGFPII-rHMGB1 Transfektion, FHD: 31%; AuNPs: 39%). Die Vitalität der Zellen 

wurde vor allem durch die Zugabe von chemisch erzeugten AuNPs (Plano-AuNPs) 

negativ beeinflusst. 

 

Der Nachweis der IL-12 Konzentrationen nach der IL-12 Transfektion wurde bis jetzt 

beim Pferd wegen mangelhafter Verfügbarkeit von spezifischen Antikörpern verhindert. 

Ein Verfahren zur genauen und simultane Quantifizierung von IL-12 und IFN-gamma, 

Schlüssel Zytokine in der Immun-Vermittelte Melanomtherapie, war nicht vorhanden. 

Deswegen wurden in dieser Arbeit verschiedene Antikörper auf Kreuzreaktivität mit 

equines IL-12 und IFN-gamma getestet um daraufhin die adäquaten Antikörper für die 

Etablierung einer Bead-basiertes Luminex Methode einzusetzen. Die etablierte Methode 

wurde anschließend verwendet, um getrennt und simultan equine IL-12 und IFN-gamma-
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Konzentrationen in verschiedenen Proben zu quantifizieren (Überstände von stimulierten 

PBMC, Lysate / Überständen von transfizierten Zellen und Pferdeserum). Der Zytokin-

Nachweis-Bereich für equines IL-12 reichte von 31,5 bis 5000 pg / ml und für equines 

IFN-gamma von 15 bis 10.000 pg / ml. IL-12 konnte auch in Überständen von 

stimulierten PBMCs und in Überständen / Zelllysaten von IL-12-Expression-Plasmid 

transfizierten Zellen nachgewiesen werden. Zusätzlich wurde auch die IL-12 

Konzentration in Pferde Serum bestimmt. Die ermittelten IFN-gamma Konzentrationen in 

Überständen von stimulierten PBMCs mittels der etablierten Bead-basierte Methode 

waren vergleichbar mit den gemessenen Konzentrationen mittels ein anti-equines IFN-

gamma ELISA Verfahren. Mit dieser neu etablierten Methode konnten zwei der 

wichtigsten Zytokine die in der equinen Melanom Therapie involviert sind nachgewiesen 

werden und somit kann diese Methode für die weitere Entwicklung und Verbesserung 

von therapeutischen Ansätzen verwendet werden. 

 

Zusätzlich konnte die Effizienz der Generierung von Dendritischen Zellen (DCs) aus 

peripheren mononuklearen Blutzellen (PBMCs) beim Pferd gesteigert werden. DCs 

haben eine potente Antigen-Präsentierende Kapazität, stimulieren eine wirksame 

Immunantwort und spielen eine wichtige Rolle in der Immun-Vermittelten Tumortherapie. 

Deren Einsatz bei Melanom erkrankten Pferden könnte zu einer höheren Therapie 

Effizienz führen. Allerdings ist derzeit die Effizienz der DCs Generierung bei Pferden aus 

anhaftenden PBMCs noch unzureichend. Um diese Effizienz zu verbessern, wurde ein 

Protokoll etabliert wo ein humaner CD14 mononuklearer Antikörper zusammen mit einer 

automatisierten magnetischen Zellsortierung (MACS) eingesetzt. Vor der Zellsortierung 

war der Anteil von CD14+ Zellen in der gesamten Zellpopulation 5,5% und 78,46% der 

Monozyten CD14 +. Nach der positiven Selektion mittels MACS waren 98% der Zellen 

CD14+ die eine adequate Zell-Vitalität zeigten. Die 4-Tägige Kultur der Zellen erwies 

eine 2-Fach höhere DC Ausbeute als die aus vorherigen berichteten Ergebnissen. 

 

Zusammenfassend wurde in der vorliegenden Studie die in vitro-Transfektionseffizienz 

von equinen IL-12 analysiert und verbessert. Zusätzlich konnte die IL-12-Produktion 

nach der Transfektion durch die Etablierung einer Bead-basierte Luminex Methode 

quantifiziert werden. Darüber hinaus wurde auch durch ein automatisiertes CD14+ 

Zellsortierungs-Protokoll die Anzahl der generierten DCs nach Kultur signifikant erhöht. 
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XI ANNEX 

Materials and methods 

Mammalian expression vectors 

Two mammalian expression vectors simultaneously encoding for equine IL-12 (eIL-

12) and the hrGFP were constructed.  

The advantage of these vectors is that due to a bicistronic expression cassette in the 

respective pIRES-hrGFPII plasmids the expression of the inserted genes of interest 

can be assessed by the simultaneous but separate expression of hrGFP. 

Accordingly, the successful transfection of the cells may be analysed using GFP-

based fluorescence microscopy and flow cytometry, as well as immunofluorescence. 

The used vectors differ in that, apart from the GFP, the pIRES-hrGFPII-eIL-12 

construct contains the p35 and p40 equine IL-12 subunit cDNAs separated by an 

internal ribosomal entry side (IRES) element, whereas the pIRES-hrGFPII-Flexi_eIL-

12 construct carriers a single IL-12 chain with physical linking of the IL-12 subunits 

through a flexible peptide coding region. 

Figure 1.  

 

 

pIRES-hrGFPII-eIL-12 

DNA encoding for eIL-12 containing the p35 and p40 subunits sequences (p35: Acc. 

No. Y11129; p40: Acc. No. Y11130) separated by an IRES element (pUSE-eIL12, 

Vetsuisse-Faculty, University of Zurich) was amplified by PCR (primer pair: NotI_IL-

12_f 5’-CGGCGGCCGCATATGTGCCCGCCGCGC-3’ (forward primer); NotI_IL-12_r 

5’-CGGCGGCCGCAACTGCAGGATACGG-3’ (reverse primer)). The PCR products 

were separated on a 1.5% agarose gel, eluted using QIAquick Gel Extraction Kit 
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(QIAGEN, Hilden, Germany), and cloned into the bicistronic pIRES-hrGFPII 

mammalian expression vector (Stratagene, La Jolla, CA, USA). Verification of the 

constructed plasmid was done by NotI restriction digest and sequencing.  

 

pIRES-hrGFPII-Flexi_eIL-12 

The eIL-12 cDNA with the p35 and p40 subunits linked through a flexible peptide 

coding region (FlexiEqIL-12, Vetsuisse-Faculty, University of Zurich) was also 

amplified using PCR (primer pair: NheI_flexi_f 5’-

CGGCTAGCATGGGTCACCAGTGGTTGG-3’ (forward primer); NotI_flexi_r 5’-

CGGCGGCCGCAGGAAGCATTCAGATAGC-3’ (reverse primer)). Further, as for the 

vector above, PCR products were separated, eluted, and cloned into the pIRES-

hrGFPII vector (Stratagene, La Jolla, CA, USA). Verification of the constructed vector 

was performed by NotI/NheI restriction digest and sequencing.  

pIRES-hrGFPII-rHMGB1 

The mammalian expression vector pIRES-hrGFPII-rHMGB1 coding for the HMGB1 

protein was kindly provided by Saskia Willenbrock (Small animal clinic, University of 

Veterinary Medicine Hannover, Germany) and used as a positive control vector in the 

transfection efficiency assays. 

Cell lines 
 

Name 
 

Specie 
 

Source 
 

Supplier 
 

Medium 
 

MTH53A 
 

Canine 
 

healthy epithelial 
mammary tissue 

 

 

Saskia Willenbrock* 
 

Complete 199 

DH82 Canine mononuclear-phagocyte 
lineage cells (malignant 

histiocytosis) 
 

Saskia Willenbrock Complete DH82 

HoMelZh Equine skin melanoma Jessika Müller Complete RPMI 
 

 

Complete 199 medium: 199 medium (Invitrogen, Karlsruhe, Germany) supplemented 

with 10% heat-inactivated fetal calf serum (PAA Laboratories GmbH, Pasching, 

Austria), 200 U/ml penicillin and 200 ng/ml streptomycin (Biochrom AG, Berlin, 

Germany). 

                                            
 Small animal clinic, University of Veterinary Medicine Hannover, Germany 

 
 Equine clinic, University of Veterinary Medicine Hannover, Germany 
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Complete DH82 medium: MEM-Earle medium with 2.2 g/L NaHCO3 and stable 

Glutamine (Biochrom AG, Berlin, Germany), supplemented with 15% heat-inactivated 

fetal calf serum (PAA Laboratories GmbH, Pasching, Austria), 1% 

penicillin/streptomycin (Biochrom AG, Berlin, Germany) and 1% non-essential amino 

acids (Invitrogen, Karlsruhe, Germany). 

Complete RPMI medium: RPMI medium (Biochrom AG, Berlin, Germany) with 3% 

NaHCO3 supplemented with 20% heat-inactivated fetal calf serum (PAA Laboratories 

GmbH, Pasching, Austria) and 2% penicillin/streptomycin (Biochrom AG, Berlin, 

Germany).  

Cell transfection 

Cell preparation 

Prior transfection (8-24h prior transfection) cells were seeded in well-plates (6 – 96 

wells plates) and grown as adherent cultures in a humidified atmosphere at 37°C and 

5% CO2 in complete medium. After each transfection, cells were incubated for 24 

hours in complete medium 199 at 37°C and 5% CO2.  

For each protocol the incubation of cells with the transfection reagents and without 

DNA was considered as the negative control. 

Transfection protocols (concentration used for a 6-well plate transfection) 

FHD (Fugene HD) 

5 µL of FuGENE HD (FHD, Roche, Mannheim, Germany) were added to 2 µg of 

plasmid DNA at a total volume of 100 µL ddH2O, incubated for 10 minutes at room 

temperature and added to the seeded cells.  

Mirus TransIT-2020 

7.5 µL of TransIT-2020 transfection reagent (Mirus Bio LLC, WI, USA) were added to 

2 µg of plasmid DNA at a total volume of 250 µL serum free Opti-MEM® medium 

(Invitrogen, Darmstadt, Germany), incubated for 30 minutes at room temperature and 

added to the seeded cells.  

Gold Nanoparticle (AuNP) mediated transfections 

Plano-AuNPs (EM CGC20, 20 nm; Plano GmbH, Wetzlar, Germany) 

20 µL of Plano-AuNP were incubated for 24h at room temperature with 2 µg plasmid 

DNA at a total volume of 95 µL ddH2O. For transfection 5 µL aliquots of FHD reagent 

(Roche, Mannheim, Germany) were added to 95 µL of the AuNP / vector suspension, 

incubated for 10 minutes at room temperature and added to cells. 
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Pulsed laser ablation in liquid (PLAL)-AuNP size 1 (d50=28.5 nm and d90=43.4 nm 

hydrodynamic sizes; 14±3 nm Feret diameter ) and size 2 (d50=52.4 nm and 

d90=78.6 nm hydrodynamic sizes; 41±8 nm Feret diameter): The PLAL-AuNP 

suspensions were sterilized by filtration through a 0.2 µm filter device (Millex-GV 

Sterilizing Filter Unit, Millipore, Billerica, USA). Subsequently, 20 µL of each sized 

AuNPs were incubated for 24h at room temperature with 2 µg of plasmid DNA at a 

total volume of 95 µL of ddH2O. For transfection 5 µL aliquots of FHD reagent 

(Roche, Mannheim, Germany) were added to 95 µL of the AuNP / vector suspension, 

incubated for 10 minutes at room temperature and added to cell cultures. 

PLAL-Au nanoparticle generation: AuNPs were generated in the Laser Zentrum 

Hannover by Annette Barchanski using pulsed laser ablation in liquid (PLAL) (S. 

PETERSEN, BARCIKOWSKI, S. 2009). The beam of a femtosecond laser system 

(Spitfire Pro, Spectra-Physics), delivering 120 fs laser pulses at a wavelength of 800 

nm was focused with a 40 mm lens on a 99.99 % pure gold target placed at the 

bottom of a Petri dish filled with 2 mL of ddH2O. Pulse energy of 200 µJ at 5 kHz 

repetition rate was employed for 12 minutes of irradiation. The target position was set 

4 mm or 2 mm below the determined focal point in air, in order to obtain colloidal 

suspensions containing AuNPs with mean hydrodynamic diameters of dh = 29 nm 

(size 1) and dh = 52 nm (size 2), respectively. The remaining small particles were 

removed by centrifugation. Characterisation of NP colloids was performed by 

dynamic light scattering using a Malvern Zetasizer ZS and by UV-Vis spectroscopy 

using a Shimadzu 1650.  

Magnet assisted transfections (MA Lipofection & MATra-A) 

MA Lipofection: 5 µL of FHD (Roche, Mannheim, Germany) were added to 2 µg 

plasmid DNA to a total volume of 97 µL ddH2O and incubated for 10 minutes at room 

temperature. Afterwards, 3 µL of MA Lipofection enhancer (PromoKine, Heidelberg, 

Germany) were added and incubated at room temperature for 15 minutes 

MATra-A: 3 µL of the magnetic reagent MATra-A (PromoKine, Heidelberg, Germany) 

were added to 2 µg of plasmid DNA to a total volume of 97 µL of complete medium 

199 (without FCS) and incubated for 15 minutes at room temperature. 

For MATra-A and MA Lipofection, after final incubation, the 100 µL suspension was 

added to the cell cultures and each of the 6-well plates were placed on a magnetic 

plate at 37°C and 5% CO2 for 15 minutes (Universal Magnet Plate; PromoKine, 

Heidelberg, Germany). Afterwards, the plate was removed.   
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Electroporation 

Cells were seeded in 6-well plates (3-5x10^5 per well in complete culture media), 8h 

after cells were removed using a cell scraper, washed twice with serum free medium, 

resuspended in 300 µl serum free medium, placed into a 2mm gap cuvette (BTX, 

San Diego, CA:, USA) containing plasmid DNA (15µg/ml pIREShrGFPII-Flexi_eIL12) 

and incubated 10 minutes on ice. Afterwards, 1 pulse of 350-450V and 600-700µsec 

length was applied (ElectroSquarePorator EMC 830, BTX, San Diego, CA, USA). 

Immediately after electroporation the cell suspension was transferred into a 6-well 

plate containing fresh complete medium and incubated at 37°C and 5% CO2 for 24 

hours.  

After each transfection, cells were incubated for 24 hours in complete medium at 

37°C and 5% CO2.  

The plasmid DNA uptake of the pIRES-hrGFPII vectors was verified via fluorescence 

microscopy and measured by flow cytometry (FACSCalibur flow cytometer, Becton, 

Dickinson and Company, Heidelberg, Germany).  

For each protocol the incubation of cells with the transfection reagents and without 

DNA was considered as the negative control. 

Each protocol was performed at least in triplicate.  

Fluorescence Microscopy 

Transfection success was assessed after transfection by directly fluorescence 

microscopy of the well-plates or on fixed cells. Cells were fixed in a 4% 

paraformaldehyde/PBS solution for 15 minutes at room temperature. After fixation 10 

µL of Vectashield Mounting Medium with DAPI (4’-6-diamidino-2-phenylindol, Vector 

Laboratories, Burlingame, CA, USA) were applied for fluorescent visualization of 

nucleic DNA. Fluorescence microscopy was performed using an Axio Imager.Z1 

fluorescence microscope (Carl Zeiss MicroImaging GmbH, Jena, Germany) or a 

Leica DMI6000 B fluorescence microscope (Leica Microsystems GmbH, Wetzlar, 

Germany).  

Flow cytometry 

Transfection efficiency was also assessed measuring by flow cytometry the amount 

of cells expressing green fluorescence after transfection. Propidium iodide (PI) 

staining was used to identify the cell death percentage after transfection. Cells were 

trypsinized for 3–5 min, washed with PBS, resuspended in the medium, and 
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measured with a FACScan flow cytometer (Becton, Dickinson and Company, 

Heidelberg, Germany). Fluorescence intensities were analysed with Cell Quest 

software (Becton, Dickinson and Company, Heidelberg, Germany). The percentage 

of positive cells was assessed comparing dot plot analysis of the transfected cells to 

cells incubated only with transfection reagent with or without the addition of NPs 

(depending of the protocol used). Results of each protocol (transfection efficiency 

and toxicity) were finally compared with those of the conventional FHD protocol.  

Proliferation Assay 

Proliferation of cells in response to each transfection protocol was evaluated using a 

colorimetric cell proliferation ELISA (Roche Applied Science, Mannheim, Germany) 

which measures the incorporation of 5-bromo-2-deoxyuridine (BrdU), a thymidine 

analogue, into DNA by ELISA using an anti-BrdU monoclonal antibody.  

Eight hours prior to transfection, 1.5×104 MTH53A cells were placed in 96-well 

plates. Cells were grown at 37°C and 5% CO2 in complete medium. The proliferation 

assay was carried out according to manufacturer’s recommendations (Cell 

proliferation ELISA, colorimetric, Cat. No. 11647229001, Roche Applied Science, 

Mannheim, Germany). The reaction products were quantified by measuring the 

absorbance at 370 nm (reference wavelength 492 nm) using a scanning multi-well 

spectrophotometer equipped with the analysis software Gen 5 (Synergy HT multi-

mode microplate reader, BioTek Instruments Inc., Bad Friedrichshall Germany). The 

absorbance results directly correlate to the amount of DNA synthesis and hereby to 

the number of proliferating cells. Results were expressed as mean absorbance 

values. The proliferation results of each protocol were also compared to those of non-

transfected cells.  

Protein Expression 

The confirmation of the biological functionality of the expressed proteins after 

transfection was primarily assessed using immunofluorescence directed against eIL-

12 or canine HMGB1. Fluorescence microscopy was carried out using a Leica DMI 

6000 fluorescence microscope (Leica Microsystems GmbH, Wetzlar Germany). 

 

Immunofluorescence 

Equine IL-12 

The expression of eIL-12 was evaluated in MTH53A, DH82 and “HoMelZh” cells. 

Eight hours prior to transfection 1.5×105 cells/ml were seeded in plates (glass-bottom 
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plates). Cells were grown under standard conditions and transfection was performed 

as explained for the FHD protocol. For the final 6 h of the incubation period, 3 μM 

monensin (Golgi Stop, BD Pharmingen, Heidelberg, Germany) was added to the 

cultures. Subsequently, 24h after transfection cells were fixed in a 4% 

paraformaldehyde/PBS solution for 20 minutes at room temperature, permeabilized 

and blocked. The antibodies applied for eIL-12 immunofluorescence were: 

1. goat IgG anti-p35 polyclonal primary antibody (IL-12 p35, sc-1280, Santa Cruz 

Biotechnology, Inc.; Santa Cruz, CA, USA; dilution 1:40) and a donkey anti-

goat secondary antibody (IgG-TR, sc-2783; Santa Cruz Biotechnology, Inc.; 

Santa Cruz, CA; dilution 1:180) (Figure 1). 

2. goat IgG anti-p40 polyclonal primary antibody (IL-12 p40, sc-1282, Santa Cruz 

Biotechnology, Inc.; Santa Cruz, CA, USA; dilution 1:40) and a donkey anti-

goat secondary antibody (IgG-TR, sc-2783; Santa Cruz Biotechnology, Inc.; 

Santa Cruz, CA; dilution 1:180) (Figure 2). 

3. sheep polyclonal to IL-12p40 (ab58940; Abcam, Cambridge, UK; dilution 1:50) 

and a goat anti-sheep secondary antibody (IgG-Alexa Fluor 350; A21097; 

Invitrogen Life Technologies, Darmstadt, Germany; dilution 1:250) (Figure 3 

and 4). 
 

Canine HMGB1 

The expression of HMGB1 was also evaluated in MTH53A cells. After transfection, 

cells were treated as described for the eIL-12 expression assessment. 

Immunofluorescence was performed using an anti-HMGB1 mouse monoclonal 

antibody (HMGB1 antibody [HAP46.5], ab12029-100, Abcam, Cambridge, UK; 1:60) 

and a goat anti-mouse antibody (DyLightTM 549-TFP ester, Code Nr. 115-505-062, 

Jackson ImmunoResearch, West Grove, PA, USA; dilution 1:220)(Results I).  
 

Equine IL-12 Western Blotting 

After transfection (24h) cell medium was harvested and the adherent cells (MTH53A, 

DH82, HoMelZh) lysed using cell lysis buffer (50 mM Tris, pH 7.8, 150 mM NaCl, 1% 

Nonidet P-40). Cellular debris was removed by centrifugation for 10 min at 1000 x g 

and the supernatants were collected. Equal volumes of the harvested samples were 

were denaturated (5 min at 95 C) in reducing sample buffer, separated by 

sodiumdodecylsulfate–polyacrylamide gel electrophoresis (SDS–PAGE, 4% stacking 

gel, 12% running gel) and transferred to a methanol activated polyvinylidene difluorid 
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(PVDF) membrane 0.2 μM pore size (Immobilon P, Millipore, Schwalbach; Germany). 

Membranes were blocked with 5% non-fat milk (Sigma Aldrich, Munich, Germany) in 

TBS (TBS: dH2O+10 mM Tris-HCl and 150 mM NaCl (Sigma Aldrich, Munich, 

Germany)) with 0.1% Tween 20 (TBS-T). Antibodies were then added in a dilution of 

1:200 in TBS-T with 1% non-fat milk and incubated for 2 h at RT with shaking. After 

washing, membranes were incubated for 1h at RT under shaking with a secondary, 

alkaline phosphatase (AP) conjugated antibody diluted 1:5000. Membranes were 

washed, incubated in AP buffer (100mM Tris, 100mM NaCl, 5mM MgCl2, pH 9.5) with 

NBT/BCIP substrate (Roche, Mannheim, Germany) on a shaker at RT protected from 

light. Finally, membranes were washed, dried and evaluated.  

Used primary and secondary antibodies: 

1) eIL-12: goat IgG anti-p35 (Figure 5), anti-p40 (Figure 6) polyclonal primary 

antibody (IL-12 p35, sc-1280, IL-12 p40, sc-1282 Santa Cruz Biotechnology, Inc.; 

Santa Cruz, CA, USA; dilution 1:250) or sheep polyclonal to IL-12p40 (ab58940; 

Abcam, Cambridge, UK; dilution 1:300) (Figure 7 and 8) with the respective anti-

specie HRP labelled secondary antibody (anti-goat-HRP, sc-2020; Santa Cruz 

Biotechnology, Inc.; Santa Cruz, CA, USA, dilution 1:5000; anti-sheep-HRP, 

AHP949P, AbD Serotec, Duesseldorf, Germany, dilution 1:5000). 

2) Flag: monoclonal ANTI-FLAG® M2-Peroxidase (HRP) (A9469; Sigma–Aldrich, St. 

Louis, USA; dilution 1:10,000) (Figure 9). 
 

Visualization was done by chemiluminescence using 3.3′-diaminobenzidine (DAB) 

substrate (Sigma–Aldrich, St. Louis, USA). 
 

Equine IL-12 ELISAs 

The commercially available anti p35 and anti p40 IL-12 ELISA was used for the 

quantitative measurement of the concentrations of the respective eIL-12 subunits in 

equine serum, plasma or other biological fluids (IL-12A (p35) E9009Eq; IL-12B (p40) 

E90058Eq) was tested. The assay was performed according to the manufacturer’s 

instructions (http://www.uscnk.com/uscn/ELISA-Kit-for-Equine-Interleukin-12A-IL-

12A-3957.htm). Immediately after all the incubation and washing steps the 

photometric absorbance of the reaction was measured using a scanning multiwell 

spectrophotometer (Synergy 2 Multi-Mode Microplate Reader, Biotek Instruments 

GmbH. Germany) at 450 nm and the sample absorbance analysed with the 

generated standard curve.  
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Measured samples (100µL): 

- supernatant from stimulated PBMCs (2h with 1000U/ml eIFN-γ and 12h with LPS, 

as described above) 

a) PMA/Ionomycin stimulation: Phorbolmyristate acetate (25 ng/ml; PMA, Sigma-

Aldrich Chemie GmbH, Munich, Germany) and Ionomycine (500 ng/ml; Sigma-

Aldrich Chemie GmbH, Munich, Germany) were added to the culture media and used 

to stimulate IFN-γ production of PBMCs. After 24h incubation the supernatants were 

used as positive controls in the ELISA and Luminex assay.  

b) IFN-γ/LPS stimulation: Equine IL-12 production was stimulated by incubating 

equine PBMCs 2h with 1000U/ml eIFN-γ (Kingfischer, Biomol; Hamburg, Germany) 

followed by 10h incubation with 1µg/ml LPS (LPS, E. coli, Sigma L2755), as 

described previously (Sester et al. 2000). The respective supernatants were used as 

positive controls in the ELISA and Luminex assay. 

c) Transfection supernatant stimulation: 500µL of the harvested supernatants from 

transfected cells with IL-12 encoding vectors were used to stimulate 1x106 cells/ml 

PBMCs. After 24h incubation, supernatants were collected and cytokine 

concentrations measured. 
 

Table X. Stimulation agents and concentrations used to stimulate equine PBMCS. 
 

Stimulation agents Concentrations 
 

PMA/Ionomycin 
 

PMA: 25 ng/ml; Ionomycine: 500 ng/ml  
 

IFN-γ/LPS 
 

Equine IFN-γ: 1000U/ml; LPS: 1µg/ml  
 

IL-12 transfection  
supernatants 

 

500µL transfection supernatant per 24-well-
plate well (transfection with 2µg plasmid 
DNA/ml cells suspension) 

 

- supernatant from non-stimulated PBMCs 

- supernatant form eIL12 transfected MTH53A cells (as explained above) 

- supernatant from non-transfected MTH53A cells  

- equine serum (several dilutions) 

 

Bead-based IL-12 quantification 

The quantification of IL-12 concentrations in supernatants and lysates from 

transfected cells as well as in supernatants from stimulated PBMCs and equine 

serum dilutions was performed with a newly developed and established Luminex 

multiplex bead-based method that allows simultaneous measurement of equine IL-12 

and IFN-gamma concentration in biological samples. The development and 

establishment of this method is explained in detail in manuscript II. 
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Results 

Protein expression after transfection 

Equine IL-12 immunofluorescence 

The transfected cells revealed a diffuse accumulation of eIL-12 protein in the 

cytoplasm whereas the control cells showed only background staining (Figure 1, 2, 3 

and 4). The simultaneous use of an anti-p35 and anti-p40 antibody allowed to prove 

that the pIREShrGFP-Flexi_eIL12 transfected cells showing GFP expression, are 

also able to express at the same time the eIL-12 subunits p35 and p40 (Figure 3 and 

4). The staining results for the pIREShrGFP-Flexi_eIL12 transfected melanoma cells 

(HoMelZh cell line, target cells in the intratumotal melanoma therapy) showed that 

the expression of eIL-12 by melanoma cells is also possible (Figure 4). 

 

Fig. 1: eIL-12-p35 immunofluorescence 24h after transfection  
DH82 cell transfection with pIREShrGFP-Flexi_eIL12 and the FHD protocol. Primary antibody goat 
IgG anti-p35 and secondary antibody donkey anti-goat (Texas Red fluorochrome). (a) GFP 
Fluorescence, (b) GFP and Red Fluorescence merged image, (c) Red Fluorescence image. Scale bar 
25 µm. 

 

 

Fig. 2: eIL-12-p40 Immunofluorescence 24h after transfection 
DH82 cell transfection with pIREShrGFP-Flexi_eIL12 and the FHD protocol. Primary antibody goat 
IgG anti-p40 and secondary antibody donkey anti-goat (Texas Red fluorochrome). (a) GFP 
Fluorescence, (b) GFP and Red Fluorescence merged image, (c) Red Fluorescence image. Scale bar 
25 µm. 



ANNEX 

126 

 

Fig. 3: eIL-12-p35 and eIL-12-p40 immunofluorescence 24h after transfection  
DH82 cell transfection with pIREShrGFP-Flexi_eIL12 transfection and the FHD protocol. Primary 
antibodies goat IgG anti-p35 and sheep IgG anti-p40. Secondary antibodies donkey anti-goat (Texas 
Red fluorochrome) and goat anti-sheep (Alexa Fluor 350, blue fluorochrome). (a) light microscopy, 
blue and red fluorescence merged image, (b) GFP Fluorescence, (c) red fluorescence and (d) blue 
fluorescence image. Scale bar 75 µm.  

 
Fig. 4: eIL-12-p35 and eIL-12-p40 immunofluorescence 24h after transfection  
HoMelZh cell transfection with pIREShrGFP-Flexi_eIL12 transfection and the FHD protocol. Primary 
antibodies goat IgG anti-p35 and sheep IgG anti-p40. Secondary antibodies donkey anti-goat (Texas 
Red fluorochrome) and goat anti-sheep (Alexa Fluor 350, blue fluorochrome). (a) light microscopy, 
blue and red fluorescence merged image, (b) GFP Fluorescence, (c) red fluorescence and (d) blue 
fluorescence image. Scale bar 75 µm.  
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Equine IL-12 Western blot 

The eIL-12 expression after transfection was also assessed using western blotting 

and the above described antibodies. Even though the p35 and p40 antibodies from 

Santa Cruz Biotechnology (Santa Cruz, CA, USA) should cross react with the equine 

IL-12 p35 and p40 subunits (in the immunfluorecence and Western Blot), no clear 

signal was seen after transfection (Figure 5 and 6). Interestingly after using the anti-

p40 antibody from Abcam (Cambridge, UK), a clear signal was detected but at 70 

kDa (Figure 7 and 8), suggesting that the p40 subunit is being detected as part of the 

complete protein. The antibody against the Flag segment, also expressed by the 

pIREShrGFPII vectors, detected a clean band at the 35 kDa level (Figure 9), 

confirming the expression of this protein and suggesting that the transfection and 

expression of IL-12 could be also present but not detectable because of the lack of 

adequate antibodies.  

 
Fig. 5: Anti eIL-12 p35 western blot after pIREShrGFP-Flexi_eIL12 transfections 
Primary antibody goat anti-p35 (1:250) and secondary antibody anti-goat-HRP (1:5000). (M) Marker 
(PageRuler prestained protein ladder, Fermentas, St. Leon-Rot, Germany), (1) transfected DH82 lysed 
cells, (2) non-transfected DH82 lysed cells, (3) transfected MTH53A lysed cells, (4) non-transfected 
MTH53A lysed cells, (5) equine serum and (L) laemly buffer (0.5 mol tris-HCl/L, pH 6.8; glycerol, 10% 
sodium dodecyl sulfate, ß-mercaptoethanol, and 0.05% bromophenol blue). 
 

 

Fig. 6: Anti eIL-12 p40 western blot after pIREShrGFP-Flexi_eIL12 transfections 
Primary antibody goat anti-p40 (1:250) and secondary antibody anti-goat-HRP (1:5000). (M) Marker 
(PageRuler prestained protein ladder, Fermentas, St. Leon-Rot, Germany), (1) transfected DH82 lysed 
cells, (2) non-transfected DH82 lysed cells, (3) transfected MTH53A lysed cells, (4) non-transfected 
MTH53A lysed cells, (5) equine serum and (L) laemly buffer (0.5 mol tris-HCl/L, pH 6.8; glycerol, 10% 
sodium dodecyl sulfate, ß-mercaptoethanol, and 0.05% bromophenol blue). 
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Fig. 7: Anti eIL-12 p40 western blot after pIREShrGFP-Flexi_eIL12 transfections 
Primary antibody sheep anti-p40 (1:200) and secondary antibody anti-sheep-HRP (1:5000). (1) Marker 
(PageRuler prestained protein ladder, Fermentas, St. Leon-Rot, Germany), (2) non-transfected 
MTH53A lysed cells, (3) supernatant of non-transfected MTH53A cells, (4) transfected MTH53A lysed 
cells, (5) supernatant of transfected MTH53A cells. 
 

 

Fig. 8: Anti eIL-12 p40 western blot after pIREShrGFP-Flexi_eIL12 transfections 
Primary antibody sheep anti-p40 (1:200) and secondary antibody anti-sheep-HRP (1:5000). (M) 
Marker (PageRuler prestained protein ladder, Fermentas, St. Leon-Rot, Germany), (1) transfected 
MTH53A lysed cells and (2) non-transfected MTH53A cells. 
 

 

Fig. 9: Anti Flag western blot after pIREShrGFP-Flexi_eIL12 transfections 
ANTI-FLAG® M2-Peroxidase (HRP) antibody (1:10,000). (M) Marker (PageRuler prestained protein 
ladder, Fermentas, St. Leon-Rot, Germany), (1) non-transfected MTH53A lysed cells, (2) supernatant 
of non-transfected MTH53A cells, (3) non-transfected DH82 lysed cells, (4) transfected MTH53A lysed 
cells. 
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Transfection efficiency and toxicity  

Transfection efficiency and toxicity after pIREShrGFP-Flexi_eIL12 transfection 

MTH53 cells were transfected with the FHD, Plano, PLAL and MALipofection 

protocols using the pIREShrGFP-Flexi_eIL12 vector. The percentage of GFP 

expressing cells after transfection was assessed using flow cytometry. Results are 

shown in Table 1 and Figure 10. When compared with the transfection results of 

pIREShrGFP-eIL12, the overall transfection efficiency of pIREShrGFP-Flexi_eIL12 

(44.7%) vector is considerably higher than the one reached with pIREShrGFP-eIL12 

(21.15%). 
 

pIRES-hrGFPII-Flexi_eIL-12 pIRES-hrGFPII-Flexi_eIL-12 

GFP % PI % 
FHD 38.07 ± 1.23 9.27 ± 0.39 
Plano®-AuNP 41.90 ± 3.90    31.27 ± 3.12  * 
PLAL-AuNP S2 42.70 ± 1.10 10.44 ± 1.33 
MA Lipofection 46.30 ± 0.96       6.94 ± 0.85  * 
MTH53A Cells   1.15 ± 1.34 11.10 ± 0.71 
 

Table 1. Transfection efficiency and toxicity of pIRES-hrGFPII-Flexi_eIL-12 
Mean percentage of GFP and PI positive cells 24h after transfection of MTH53A cells with pIRES-
hrGFPII-Flexi_eIL-12. Results are expressed as mean ± SD. * p ≤ 0.05 
 

 

Pla
no-A

uNP

PLAL-A
uNP 2

M
aL

ip
ofe

ct
io

n
FHD

Cel
ls

0

10

20

30

40

50

G
F

P
%

Pla
no-A

uNP

PLAL-A
uNP 2

M
aL

ip
ofe

ct
io

n
FHD

Cel
ls

0

10

20

30

40

*

*

*

P
I %

 

Fig. 10 Transfection efficiency and toxicity of pIRES-hrGFPII-Flexi_eIL-12 
Mean percentage of GFP- (left) and PI- (right) positive cells 24h after transfection with pIRES-hrGFPII-
Flexi_eIL-12. Each bar represents a mean ± SD. * p ≤ 0.05. 
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 GFP% PI% 

350V600µsec 28.0 7.12 

400V700µsec 30.7 11.27

450V800µsec 32.83 9.92 
 

Table 2. Melanoma cells transfection efficiency and toxicity after transfection with 
pIRES-hrGFPII-Flexi_eIL-12 and electroporation 
Mean percentage of GFP and PI positive cells 24h after transfection with pIRES-hrGFPII-Flexi_eIL-12. 
Results are expressed as mean ± SD. * p ≤ 0.05 
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