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Abstract
AIM: To investigate the expression of tumor-antigens and major histocompatibility complex (MHC)-machinery components in glioblastoma multiforme cell lines flow cytometry staining methods were applied.

METHODS: Ten GBM cell lines (three commercially available: U-87 MG, U-138-MG and GMS-10 as well as seven newly established cell lines from individual patients in low-passages: HROG02, HROG04, HROG05, HROG06, HROG10, HROG13 and HROG17) were analyzed for expression of (I) general and (II) GBM-related tumor antigens as well as of (III) components of the MHC machinery by flow cytometry.

RESULTS: All cell lines expressed MHC class I with seven out of the ten being HLA-A02 positive. Four of the seven primary cell lines additionally expressed MHC class II in a constitutive manner. Of note, after interferon gamma (IFNγ) treatment, all seven cell lines expressed MHC class II. The tumor associated antigens (TAA) EGFR and survivin were expressed at high levels in all cell lines; whereas MART-1, RHAMM, WT-1 and IL-13Rα were expressed by at least half of the cell lines and HER2/neu, MAGE-1 and tyrosinase were expressed only by few cell lines. However, all cell lines expressed at least two of the candidate antigens included into this analysis.

CONCLUSION: No obvious differences between commercially available and newly-established cell lines were observed. Thus, the latter in low-passages are interesting for (therapy-) screening and immunotherapeutic strategies.

© 2013 Baishideng. All rights reserved.

[bookmark: _GoBack]Key words: Tumor antigens; Glioblastoma multiforme; Major histocompatibility complex molecules; Tumor models; Cell lines

Core tip: Expression of tumor-antigens and major histocompatibility complex (MHC)-machinery components was analyzed in a series of seven novel low-passage glioblastoma multiforme cell lines by flow cytometry in comparison to three commercially available standard lines. MHC class I was always expressed, MHC class II readily after interferon gamma treatment. All cell lines expressed at least two tumor antigens. No differences between newly-established and commercially available cell lines were observed. Since these novel cell lines are available in low-passages upon request, they are interesting tools for future development of immunotherapeutic strategies, associated screenings and the like.
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INTRODUCTION
Glioblastoma multiforme (GBM) is the most common and deadly malignancy of the brain with no current cure. Median survival after standard therapy consisting of resection followed by radio-chemotherapy merely lies at 14.6 mo [1]. Even more devastating is the fact that most patients relapse and die within the following 18 mo [2]. Thus, more potent treatment strategies are inevitable.
In the last decade, immunotherapy emerged as a very promising strategy – applied in many different varieties. For chimeric antigen receptors and bi‑specific T cell engagers, most dendritic cell vaccines, and T cell transfers, the target structures should be known. In general, these can be categorized as tumor associated antigens (TAA), which are overexpressed on tumor tissue (but may also to a lower extent be present on healthy tissue), or tumor specific antigens (TSA), which are exclusively expressed on the malignant tissue [3]. Further, the distinction between shared or general tumor antigens (e.g., CEA, EGFR, Her2/neu, survivin, mutated TP53) and (entity) specific antigens (e.g., MART and MAGE for melanoma or PSA for prostate cancer) is common [4].
The most widely used models for (drug and therapy) screenings are cell lines, enabling a multitude of analyses concerning the tumor´s genetic and epigenetic composition, biology, phenotype and more. Among these, primary or low passage cultures are most favorable [5-7], since especially patient individual models have been described to serve most accurately for response and resistance prediction [8-11]. These patient individual tumor models may be established as in vitro (primary cell culture) or in vivo (xenograft) models [12].
In this study, we analyzed the expression of various tumor antigens and in addition that of major histocompatibility complex (MHC) machinery components in a series of patient-derived low‑passage glioblastoma cell lines in parallel to commercially available ones. To mimic the in vivo situations of absent or weak versus strong inflammation in the tumor bed, expression analyses were performed in the absence and in the presence of interferon gamma (IFNγ).

MATERIALS AND METHODS
Cell culture
Human GBM cell lines U‑87 MG (from cell line service, Eppelheim, Germany), U‑138‑MG and GMS‑10 (both obtained at the DSMZ; Braunschweig, Germany) as well as the newly established cell lines (HROG02, HROG04, HROG05, HROG06, HROG10, HROG13 and HROG17) from our lab [13] were cultured in DMEM/Ham´s F12 supplemented with 10% fetal calf serum and 2 mmol/L L-glutamine. All analyses with HROG cells were performed at least three times in different but always low passages. Exactly, the following passage numbers apply: HROG02 P23-P29, HROG04 P26-P35, HROG05 P21-P26, HROG06 P16-P25, HROG10 P17-P26, HROG13 P15-P25 and HROG17 P22-P25. The cells were incubated at 37°C and 5% CO2. Media and supplements were purchased from PAA (Cölbe, Germany) and all plastic materials were from Greiner bio one (Frickenhausen, Germany).

IFNγ treatment
For IFNγ treatment cells were harvested by trypsin treatment and 1.5 × 106 cells were seeded in a T75 culture flask. Cells were allowed to attach overnight and clinical grade IFNγ (Boeringer Ingelheim, Germany) was added at a final concentration of 200 IU/mL for 48 h. Cells treated in the same manner without IFNγ addition served as controls.

Flow cytometry
Cells were harvested by incubation with trypsin; the enzymatic reaction was stopped by adding cell culture media. Cells were washed with PBS, counted, and 5 × 105 cells were stained with 1 µg of the respective antibody or isotype control (Table 1) for surface staining. Cells were washed with PBS and resuspended in final volume of 200 µL PBS. In case of unlabeled primary antibodies, excess antibody was washed out with PBS and respective secondary antibodies were added and final wash step was performed as above.
Similarly, 5 x 105 cells were fixed with 2% Formafix and then treated with buffer P for 10 min to permeabilize the cell membrane for an intra-cellular staining. Cells were incubated with the antibody and washed with buffer P. After a second 10min incubation period, the respective secondary antibody was added in buffer P. Cells were washed and resuspended in 2% Formafix at a final volume of 200 µL. 
For the staining with unlabeled primary antibodies, cells handled the same way with no primary antibody served as negative controls. All incubations were performed on ice for 30 min.
All isotype controls were obtained from immunotools (Friesoythe, Germany). The secondary antibodies were purchased from Dako (Glostrup, Denmark) in case of the anti-mouse antibody and from Bethyl (Montgomery, United States) in case of the anti-human antibody.

HLA-A typing
Typing of the HLA-A locus was performed in the department for transfusion medicine at the University medicine in Rostock, Germany.


RESULTS
Expression of tumor antigens
Knowledge about the expression of TAA or even better TSA is of interest for a wide range of therapeutic interventions; especially for targeted therapies and immunotherapeutic approaches. Thus, the expression of a variety of antigens was assessed in seven newly established GBM cell lines in comparison to commercially available GBM cell lines (U-87, U-138 and GMS-10). This analysis included TAA shared between different tumor entities (EGFR, HER2/neu and survivin), classical melanoma (MAGE, MART and tyrosinase) and leukemia-associated antigens (RHAMM and WT-1), as well as the glioma specific IL-13Rα. 
The more general antigens EGFR and survivin were found to be expressed - highly in most cases - in all cell lines (Figure 1). MART-1 and RHAMM were expressed in seven, WT-1 in six cell lines. The glioma specific antigen IL-13Rα was expressed in half of the cell lines; however, if positive, than with a high percentage. MAGE-1 and tyrosinase were only expressed in four cell lines and to a low degree. HER2/neu was expressed rarely (HROG02 and HROG10). In summary, each cell line expressed at least two antigens (EGFR and survivin) and half even seven or more. Of note, the cell line HROG02 expressed all of the assessed antigens. 
In addition, we analyzed the influence of IFNγ on the intensity of antigen expression in these cell lines. Here, the degree of antigen expression was rarely and if only barely affected by IFNγ treatment (Figure 1). 

Expression of MHC class I and II
Next, the expression of MHC class I and II molecules of the GBM cell lines was analyzed. All cell lines expressed high levels (> 50% expression) of the HLA-ABC antigens; though no further up-regulation could be achieved by IFNγ treatment (Figure 2A). In contrast, only three cell lines (HROG05, HROG06 and U-87 MG) highly expressed HLA-DR, -DP, three (HROG10, HROG13 and HROG17) had intermediate levels and four (HROG02, HROG04, U-138-MG and GMS-10) did not express MHC class II at all. Here, treatment of the cells with IFNγ resulted in a clear induction of expression in the non-expressing cell lines and an up-regulation in the intermediate ones (Figure 2B). 
With regard to unraveling novel T cell epitopes from candidate tumor antigens, the HLA-A02 sub-type is most frequently used as it is the most common one in Caucasian and Asian population. Thus, HLA-A02 expression was assessed by flow cytometric staining. Results were subsequently confirmed by a molecular genetic HLA-A typing (Table 2). Five out of the seven cell lines stained positive for HLA-A02 and were at least heterozygous for *A2. Of the three commercially available cell lines, GMS-10 and U-87 MG were additionally found to express HLA-A02 as judged by flow cytometric staining analysis (data not shown). 

Components of the MHC machinery
The cell lines were further characterized with regard to a broader range of MHC machinery components such as HLA-E and -G, MIC A and B as well as β2-microglobulin (Figure 3). In line with the results of the HLA-ABC expression analysis, β2-microglobulin was highly expressed in all cell lines. Further, all cell lines expressed HLA‑E; with the exception of HROG13 all cell lines even very high levels (> 75% expression). HLA-G was expressed by three cell lines (HROG05, HROG06 and HROG17). MIC A was highly expressed by two cell lines (HROG02 and HROG06), two cell lines (HROG05 and HROG17) had intermediate and three (HROG04, HROG10 and HROG13) no MIC A expression. None of the cell lines stained positive for MIC B. In addition, the immune-recognition-enhancing molecule ICAM-1 was analyzed (Figure 3). This was highly expressed by all cell lines.

DISCUSSION
Cell lines have served in unraveling cellular- and tumor-related mechanisms as well as in therapy development for many decades. Since no severe differences were observed between the standard cultures and our patient-derived low-passage cell lines with regard to TAA expression, the latter are preferable for such analyses. By using (ultra) low-passage cell lines, culture artifacts can (nearly) be excluded. Long term cultures are reported to acquire a multitude of culture related changes such as increased in doubling time with the number of passages [14,15], a more methylated MGMT promoter phenotype [16] and the acquisition of novel mutations and chromosomal aberrations [17]. 
Individual patients´ tumor models are especially interesting for testing of drug responses and resistance development [8,9] but are also ideal for establishing and testing of immune-based treatment strategies if autologous or tumor infiltrating lymphocytes (TIL) are available [18,19]! Together with expert pathological assessment of tumor characteristics and lymphocytic infiltration, low-passage cell lines offer an outstanding possibility to develop and optimize immunotherapeutic approaches. Such approaches seem to at least not be hindered by inflammation or IFNγ secreted, e.g., by T cells, since no adverse effects of IFNγ on TAA expression were observed. However, we did not analyze changes in the presentation of TAA-derived peptides in MHC class I and II molecules.
In case of MHC class II, an induction or up-regulation of the molecules by IFNγ was frequently observed. This phenomenon is described in the literature [20,21]. 
However, the biological background of the high variation in MHC class II expression is not known at present. We suspect that because of the role of MHC class II in T cell activation and regulation this to be a potential novel mechanism of immune evasion. Respective experiments are ongoing in our laboratory.
Immune evasion is one of the major mechanisms employed by tumors to avoid destruction by the patient’s immune system. Beside low expression of MHC class I and secretion of immunosuppressive factors like transforming growth factor-𝛽, prostaglandin E2 or Interleukin-6 particularly the upregulation of molecules like Fas and programmed cell death 1 ligand 1 (PD-L1) allow tumor cells (and especially glioblastoma cells) to directly induce T cell anergy or even apoptosis and, as a consequence, to from an immunosuppressive environment [22]. Especially glioma stem cells are capable of most if not all of these mechansism [22]. 
To sum up our findings, all cell lines expressed multiple TAA; this enables targeting more than one antigen in order to prevent immune escape and resistance development [23,24]. Additionally, antigen spreading could readily be analyzed.
Finally, the models allow testing the immunological potential of the (selected) antigen (combinations) through in vitro T cell stimulation and functional readouts (for example ELISpot or kill assays). As we have recently shown that the generation of GBM cell lines is feasible and successful to a high percentage even from vitally frozen material [12], accompanying research on immunotherapies becomes possible.
A decade ago, Liu and colleagues assessed the expression of the antigens HER-2, gp100 and MAGE-1 in human glioblastoma. They additionally described a correlation between the cytolytic potential of antigen-specific T cells and the level of antigen expression [25]. A few years later, Zhang et al[26] performed an antigenic profiling of 20 commercially available GBM cell lines with potential regard to allogenic immunotherapies. In their study, all cell lines were found to express the antigens HER2/neu, IL-13Rα, MAGE-1 and survivin and two thirds were positive for tyrosinase. 
Recently peptide-pulsed dendritic cells entered a phase I clinical study for patients with recurrent high grade gliomas. The peptides included in the study were derived from the antigens gp100, HER-2, MAGE and WT-1 [27]. With this approach, one out of nine patients had stable disease after vaccination; thus hinting toward efficacy of the strategy but likewise demonstrating the necessity of improvement. The antigens survivin [28] and RHAMM [29] are further being exploited for their potential to cure cancer in vaccination strategies for head and neck cancer as well as chronic B cell lymphoma.

[bookmark: OLE_LINK218]COMMENTS
Background
For development of therapeutic strategies, cell lines are an inevitable tool. With the rise of immunotherapy, precise knowledge on the expression of relevant molecules in the cell models used is appreciated by basic and translational researchers. For the most part, these molecules include components of the major histocompatibility complex (MHC) machinery on the one hand and tumor antigens on the other. 

Research frontiers
 Development of novel immunotherapeutic approaches is an exploding field of research. Examples here for are chimeric antigen receptors, bi specific T cell engagers, cellular (mostly dendritic cell) vaccines and T cell transfers.

Innovations and breakthroughs
Similar phenotypic characterizations of cell lines from numerous different tumor entities have been performed many times. However, our group’s focus for several years is development and characterization of low-passage, patient-individual cell lines. These have several major advantages when compared to standard cell lines. Lower passages mean less change in the cell’s genome and epigenome. Lymphocytes and sera biobanked together with the cell models allow research to be performed in a complete autologous setting.  

Applications 
These novel cell lines are interesting tools for drug screening, therapy optimization and even basic and further translational research applications. With the data presented here, they additionally recommend themselves for future development of immunotherapeutic strategies, associated screenings and the like. The cell lines are available in low-passages upon request and thus it is very likely that subsequent studies will broaden the data presented here. 

Terminology
Patient-derived, low-passage cell lines: a cell line which has been established only recently from a tumor of a patient and underwent a very limited number of cell divisions.

Peer review
The authors have conducted an investigation of the expression of tumor-antigens and MHC-machinery components in glioblastoma multiforme cell lines. The conception and relevance of this work could be enormous; indeed the authors have analyzed patient specific cell cultures. This is of extreme relevance and actuality due to the more and more recognized limitations of the immortalized cell line model.
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Figure 1 The percentage of cells staining positive for antibodies against tumor associated antigens was assessed by flow cytometry. The results are depicted in the diagram with a white box representing staining in less than 10% of cells, a grey box representing 10%-40% cells positive and a black box in case of more than 40% positive cells. Values with and without the 48 h interferon gamma pretreatment (200 IU / mL) are given. Measurements were performed in three separate experiments and mean values were used to design the blot. 

Figure 2 The percentage of cells stained positive for antibodies against (A) HLA-ABC and (B) HLA-DR, -DP as assessed by flow cytometry are depicted in the bar diagram. The grey bars represent results for cells treated with 200 IU / ml interferon gamma (IFN-γ) for 48 h prior to staining. They black bars represent results for cells handled in the same manner but without IFN-γ. Measurements were performed in three separate experiments; values are given as mean + standard deviation.

Figure 3 The percentage of cells staining positive for components of the major histocompatibility complex machinery as well as the immune-recognition-enhancing molecule ICAM (CD54) was assessed by flow cytometry. The results are depicted in the diagram with a white box representing staining in less than 10% of cells, a grey box representing 10%-40% cells positive and a black box in case of more than 40% positive cells. Values with and without the 48 h interferon gamma pretreatment (200 IU / mL) are given.    

Table 1 Antibodies for flow cytometry
	Host
	Antigen
	Clone
	Label
	Company

	Mouse
	HLA-ABC
	W6/32
	FITC
	Immunotools

	Mouse
	HLA-DR, -DP
	HL-38
	FITC
	Immunotools

	Mouse
	HLA-E
	3D12
	PE
	Bio Legend (London, United Kiongdom)

	Mouse
	HLA-G
	87G
	APC
	BioLegend

	Mouse
	β2-microglobulin
	2M2
	FITC
	BioLegend

	Mouse
	MIC A
	2C10
	FITC
	Santa Cruz (Santa Cruz, United States)

	Mouse
	MIC B
	9847-1
	None
	Santa Cruz

	Humanized
	EGFR
	Cetuximab
	None
	Bristol-Myers Squibb (New York, United States)

	Humanized
	HER2/neu
	Trastuzumab
	None
	Roche (Basel, Switzerland)

	Mouse
	ICAM-1
	1H4
	APC
	Immunotools

	Rabbit
	IL-13R α
	Polyclonal
	None
	AssaybioTech (Sunnyvale, United States)

	Mouse
	MAGE-1
	MA454
	None
	Thermo Scientific (Waltham, United States)

	Mouse
	MART-1
	M2-7C10
	None
	Thermo Scientific

	Mouse
	RHAMM
	2D6
	None
	Leica (Wetzlar, Germany)

	Mouse
	survivin
	3F342
	None
	Santa Cruz

	Mouse
	tyrosinase
	T311
	None
	Thermo Scientific

	Mouse
	WT-1
	6F-H2
	None
	Chemicon international (Temecula, United States)




Table 2 HLA-A and A02 expression
	
	HROG02
	HROG04
	HROG05
	HROG06
	HROG10
	HROG13
	HROG17

	HLA-A typing
	*01
	*02
	*01
	*02
	*02
	-
	*01
	*03
	*02
	*23
	*02
	-
	*11
	*66

	Flow cytometry (HLA-A02)
	88% (±10)
	95% (±1)
	83% (±10)
	1% (±1)
	89% (±4)
	92% (±3)
	0% (±0)


In the upper row the results of a 2-digits encompassing HLA typing for the loci HLA-A are listed. Information on both alleles is provided; in case of homozygosity the “second” allele is marked by. In the lower row the mean percentage (of three repetitions) of cells stained positive for HLA-A02 in flow cytometry is given and the standard deviation is provided in brackets.
