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Introduction: Tumor-directed and immune-system-stimulating therapies are of special interest 

in cancer treatment. Here, we demonstrate the potential of parvovirus H-1 (H-1PV) to efficiently 

kill colorectal cancer cells and induce immunogenicity of colorectal tumors by inducing matura-

tion of dendritic cells (DCs) alone and also in combination with cytostatic drugs in vitro. Using 

our cell culture model, we have additionally investigated the effects of anti-CTLA-4 (cytotoxic 

T-lymphocyte-associated antigen 4) receptor antibody tremelimumab on this process.

Materials and methods: Colon carcinoma cell lines were treated with different concentrations of 

cytostatic drugs or tremelimumab or were infected with H-1PV in different multiplicities of infection 

(MOIs), and viability was determined using MTT assays. Expression of CTLA-4 in colon carcinoma 

cell lines was measured by FACScan™. For the coculture model, we isolated monocytes using 

adherence, and differentiation into immature DCs (iDCs) was stimulated using interleukin-4 and 

granulocyte-macrophage colony-stimulating factor. Maturation of iDCs into mature DCs (mDCs) 

was induced by a cytokine cocktail. SW480 colon carcinoma cells were infected with H-1PV or 

treated with cytostatic drugs. Drug treated and H-1PV-infected SW480 colon carcinoma cells were 

cocultured with iDCs and expression of maturation markers was measured using FACScan™. 

Cytokine measurements were performed using enzyme-linked immunosorbent assay.

Results: Colon carcinoma cells SW480 were potently infected and killed by H-1PV. CTLA-4 

expression in SW480 cells increased after infection with H-1PV and also after treatment with 

cytostatic drugs. Tremelimumab had no influence on viability of the colon carcinoma cell line. 

There was no maturation of iDCs after coculture with SW480; instead, H-1PV-infected or drug 

pretreated SW480 induced maturation. Cytokine production was higher for H-1PV-infected 

cells but was not significantly enhanced by tremelimumab treatment alone or in combination. 

Addition of tremelimumab did not interfere with the maturation process as measured by markers 

of maturation as well as by determination of cytokine levels.

Conclusion: By enhancing both cell death and immunogenicity of tumors, H-1PV is of special 

interest for tumor-directed therapy. These features make it a promising candidate for clinical 

application in human colorectal cancer. As tremelimumab does not significantly interfere with this 

process, an interesting therapeutic combination of active enhancement of tumor immunogenicity 

and independent masking of the CTLA-4 silencing process on tumor cells is highlighted.
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Introduction
A targeted, tumor-directed and immune-system-stimulating therapy is of special interest 

in cancer treatment.1,2 We and other groups have previously demonstrated the oncolytic 
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and immunogenic potential of oncolytic viruses3–5 as one 

option towards this goal. Taking into account the positive 

results for melanoma and hepatocellular carcinoma cells,6,7 

and knowing that Parvoviridae are able to target colorectal 

cancer cells,8 we aimed to investigate the parvovirus H-1 

(H-1PV) infection of colorectal cancer cells. H-1PV has been 

shown to exert selective cytotoxic effects and shows potential 

to increase maturation of dendritic cells (DCs).9

DCs play an important role in anticancer immunity, 

especially by cross-talking and interacting with cytotoxic T 

cells10,11 and with their function as antigen presenting cells.12 

On the other hand, expression of cytotoxic T-lymphocyte-

associated antigen 4, CD-152 (CTLA-4), on the surface of 

human tumor cells is a strategy to circumvent the human 

immune system.13,14 CTLA-4 is a member of the immuno-

globulin superfamily, which is expressed on the surface of 

activated T helper (T
h
) cells and transmits an inhibitory signal 

to T cells. However, tumor cells, including colorectal cancer 

cells, often express CTLA-4 on their surface to generate an 

environment that leads to immune escape and saves tumor 

cells from being attacked by activated effector cells of the 

immune system.1

Following the idea of stimulating immune defense 

mechanisms, the focus in the last few years was on mol-

ecules like CTLA-4, the B7 family, and programmed cell 

death 1  (PD-1).15–17 Tremelimumab (formerly ticilimumab, 

CP-675,206; Pfizer, Inc, New York, NY, USA) is a fully 

human monoclonal antibody specific for CTLA-4. Block-

ing the CTLA-4 negative costimulatory receptor with 

tremelimumab results in immune activation.16 With the 

pro-immunogenic effects of H-1PV in mind and the idea 

of overcoming the immune-escaping effects of CTLA-4 

expressing colorectal carcinoma cell lines,1 combination 

therapy of these two agents is of interest.

In the case of melanoma cells, tremelimumab is well ana-

lyzed,18,19 but little is known for ex vivo models of colorectal 

cancer. As CTLA-4 is described to be expressed on colorectal 

cancer cells and also to trigger apoptosis,13 we investigated 

the influence of tremelimumab treatment on cell-viability 

and CTLA-4 expression, both alone and in combination with 

clinically relevant cytostatic drugs 5-fluorouracil, oxaliplatin, 

and irinotecan (Pfizer) as well as H-1PV. As CTLA-4 is also 

of importance for maturation and antigen presentation of 

DCs,12,20 we measured effects of tremelimumab and H-1PV 

on cytokine levels including combinations of cytostatic drugs, 

as combined therapy strategies were described to gain pro-

nounced immunostimulation via DC maturation.7,21

Materials and methods
human colon carcinoma cells  
and human immune cells
Human colon carcinoma cell lines SW480, Caco-2, HCT116, 

and HT29 (all Leibniz Institute DSMZ-German Collection of 

Microorganisms and Cell Cultures, Braunschweig, Germany; 

SW480 HLA-A2+/CEA+) were derived from patients with 

human colon carcinoma. SW480, HCT116, and HT29 cells 

were cultured in RPMI (Roswell Park Memorial Institute) 

medium (Gibco®; Life Technologies, Carlsbad, CA, USA) 

with 10% fetal calf serum (FCS) (FCS; PAA Laboratories 

GmbH, Cölbe, Germany) and 1% penicillin/streptomycin 

(Gibco®; Life Technologies). Caco-2 cells were cultured 

in RPMI medium with 20% FCS and 1% penicillin/

streptomycin. Cells were cultivated in culture flasks at 5% 

CO
2
 and at 37°C.

Monocytes were isolated by adherence from HLA-A2 

positive human buffy coats. Monocytes were treated 

with 500 U interleukin-4 (IL-4; ImmunoTools GmbH, 

Friesoythe, Germany) and 500 U granulocyte-macrophage 

colony-stimulating factor (GM-CSF; Bayer HealthCare 

Pharmaceuticals, Montville, NJ, USA) for 6 days to produce 

immature DCs (iDCs). Treatment with 0.01 µg/mL tumor 

necrosis factor alpha (TNF-α), IL-6, IL-1-β (all Miltenyi 

Biotec, Bergisch Gladbach, Germany), plus 1 µg/mL pros-

taglandin E2 (PGE2) (Sigma-Aldrich, St Louis, MO, USA) 

produced mature dendritic cells (mDCs).

cell treatment and MTT viability assay
For MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetra-

zoliumbromide) assay cells were seeded in 96-well plates 

for cytostatic drugs and tremelimumab, and in 6-well plates 

for H-1PV infection.

For single treatment in the MTT assay, serial dilutions 

of cytostatic drugs were generated and added to the dif-

ferent cell lines. Influence of 5-fluorouracil, irinotecan, 

and oxaliplatin on cell viability was tested for by applying 

concentrations of 0–500 µg/mL. Influence of tremelimumab 

on cell viability was measured by application of concentra-

tions of 0–240 µg/mL. Cells were incubated for 24 hours, 

48 hours, and 72 hours. For infection with H-1PV, cell 

medium was removed and cells were incubated with a mini-

mal amount of complete medium for 1 hour. Subsequently, 

an appropriate volume of medium was added and cells were 

incubated for up to 5 days post infection. Multiplicity of 

infection (MOI) was chosen from 1 to 40 plaque-forming 

units (PFU)/cell.
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MTT was added and, after dissolving the produced purple 

formazan with sodium dodecyl sulfate (SDS), absorption 

was measured at 562 nm by a spectrophotometer (Bio Tek 

Instruments, Winooski, VT, USA).

CTLA-4 expression
From the MTT assay, IC-20 (inhibitory concentration) was 

calculated for treatment with 5-fluorouracil, oxaliplatin, and 

irinotecan, and a middle incubation time of 48 hours was 

chosen to treat cell lines. A MOI of 20 PFU/cell was chosen 

for H-1PV infection for 5 days.

For extracellular expression measurement, cells were 

harvested and incubated with phycoerythrin (PE) labeled 

anti-CTLA-4 antibodies (R&D Systems, Minneapolis, MN, 

USA). For intracellular measurement, cells were harvested 

and first treated with paraformaldehyde and methanol to 

destroy the cell membranes. Then cells were incubated with 

anti-CTLA-4 antibodies. CTLA-4 expression was docu-

mented by flow cytometric analysis with a FACScan™ (BD 

Biosciences, San Jose, CA, USA).

coculture model and expression  
of activation and maturation markers  
on Dcs
For coculture model, SW480 cells were seeded in 6-well 

plates and treated as described. For comparable treatment, 

IC-20 and an incubation period of 48 hours were chosen for 

5-fluorouracil, irinotecan, and oxaliplatin, and calculated 

from MTT assays. Tremelimumab was used at a middle 

concentration of 10 µg/mL. For infection with H-1PV, a 

MOI of 20 PFU/cell with 5 days incubation period was 

chosen, due to selected experiments.6,7,9,22 DCs were iso-

lated as described and seeded in 6-well plates in a ratio 

of 5:1 with SW480 at day 6 and cultivated for 3 days. 

Cells were harvested and stained with anti-CD80, -CD83 

and -CD86 antibodies (BD Biosciences, San Jose, CA, 

USA). Expressions of these receptors were analyzed by 

FACScan™.

Cytokine analysis via enzyme-linked 
immunosorbent assay (elisa)
The supernatant of cocultivated cells was collected before 

harvesting and storage at −80°C. Cytokine analyses of 

interferon gamma (IFN-γ), IL-6, and TNF-α were performed 

per protocol of ELISA kits (IFN-γ-Kit; Affymetrix, Santa 

Clara, CA, USA; IL-6 and TNF-α-Kits; ImmunoTools 

GmbH). Microtiter plates (Corning Incorporated, Corning, 

NY, USA) were coated with coating buffer and incubated 

overnight. After washing, the plate was blocked with block-

ing buffer at room temperature. Standards and samples 

were transferred into the wells and incubated overnight. 

The wells were washed again and biotin conjugate was 

transferred. After incubation, the cells were washed and 

incubated for half an hour with streptavidin-horse radish 

peroxidase conjugate. After washing once again, TMB 

(3,3′,5′5-tetramethylbenzidine; Sigma-Aldrich) substrate 

solution was added and incubated. The plate was read out 

in an ELISA reader at 450 nm and values of 570 nm were 

subtracted.

Results
Influence of H-1PV, tremelimumab  
and cytostatic drugs on cell viability
We measured the influence of H-1PV, tremelimumab, 

5-fluorouracil, irinotecan, and oxaliplatin on SW480 cell 

viability using an MTT assay.

After infection for 5 days, H-1PV reduced SW480 

cell viability in an MOI-dependent manner. An MOI of 

20 decreased viability to approximately 40% (cell con-

trol = 100% viability) (Figure 1). Likewise, treatment with 

5-fluorouracil, oxaliplatin, and irinotecan also resulted in 

time- and concentration-dependent reduction of SW480 cell 

viability (Figure 2).

Titration of tremelimumab up to a concentration of 

240 µg/mL showed no direct influence on SW480 cell 

viability in the MTT assay (Figure 3). The same holds true 

for prolongation of incubation time. We next measured 

incubation time and the concentration-dependent influ-

ence of tremelimumab on different colorectal cancer cell 

lines. Cell viability of Caco-2, HCT116, and HT29 was not 
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Figure 1 Influence of H-1PV on SW480 viability.
Notes: Viability was measured by MTT assay; the effect of H-1PV infection on 
the viability of SW480 cells was measured by the MTT assay and expressed as the 
percentage of living cells in virus-infected cells versus control.
Abbreviations: CC, cell control; MOl, multiplicity of infection; MTT, 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; H-1PV, parvovirus H-1.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2013:6submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1122

heinrich et al

influenced by tremelimumab as measured by MTT assay 

(data not shown).

Expression of CTLA-4 after H-1PV  
infection or treatment with cytostatic  
drugs
In order to treat colorectal cancer cell lines with anti-CTLA-4 

antibody tremelimumab, we first investigated the expression 

of the target CTLA-4 intracellularly as well as on the cell 

surface. We used Caco-2 cells as a reference, which were 

previously demonstrated to express CTLA-4.13 Influence 

of H-1PV and cytostatic drugs on CTLA-4 expression was 

measured by FACScan™.

SW480 expression of CTLA-4 exceeded expression of 

the positive control: Caco-2 cells. Treatment with 5-FU, 

oxaliplatin, or irinotecan resulted in increased extracellular 

expression of CTLA-4 while the intracellular CTLA-4 

expression remained rather constant. Likewise, H-1PV treat-

ment increased expression of CTLA-4 extracellularly, but 

not intracellularly (Figure 4).

Results indicate that drug treatment as well as virus infec-

tion seems to enforce extracellular expression of CTLA-4.

Dc maturation in coculture  
model with SW480
We next determined the influence on DC maturation by mea-

suring extracellular markers of DC activation and maturation 

using coculture experiments with SW480. CD80 and CD86 

are coligands of activated DCs, and CD83 is highly expressed 

on maturated DCs.17

As shown in Figure 5, cocultivation of SW480 with iDCs 

alone did not induce maturation of DCs. In contrast, infection 

Figure 3 Influence of tremelimumab on SW480 cell viability.
Notes: The effect of anti-cytotoxic T-lymphocyte-associated antigen 4 antibody tremelimumab on the viability of SW480 cells, with an incubation period of 48 hours, was 
measured by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay and expressed as the percentage of living cells in tremelimumab treated cells versus 
untreated cells (0 µg/ml).
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assay and expressed as the percentage of living cells in cells treated with different concentrations versus untreated cells (0 µg/ml).
Abbreviations: 5-FU, 5-fluorouracil; iri, irinotecan; oxa, oxaliplatin; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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of SW480 with H-1PV resulted in up to 20 times higher 

expression of activation and maturation markers. Among 

the cytostatic drugs we used, treatment with 5-fluorouracil 

was most efficient, resulting in a maturation of DCs to a 

point of extension almost comparable with H-1PV induction. 

Irinotecan and especially oxaliplatin were clearly less 

potent than 5-fluorouracil or H-1PV in inducing maturation. 

Exclusive tremelimumab treatment, as well as treatment in 

combination with H-1PV or cytostatic drugs, showed no 

effect on DC maturation.
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cytokine analysis
In order to investigate the effects of cytokine levels on DC matu-

ration, we performed ELISA measurements for cytokines IFN-

γ, TNF-α, and IL-6 (Figure 6). TNF-α and IL-6 were part of the 

cytokine cocktail in a concentration of 0.01 µg/mL to promote 

maturation of iDCs. In the supernatant of mDCs, these cyto-

kines showed a concentration that was almost 20 times higher, 

thus confirming mDCs as a positive control. The collected 

supernatants of cocultivated cells infected with H-1PV showed 

higher levels of IFN-γ, TNF-α, and IL-6 compared to nonin-

fected cells, and cells treated with cytostatic drugs. The mea-

sured cytokine concentrations clearly exceeded those detected 

in the supernatant of mDCs by more than four times.

Tremelimumab treatment alone did not result in 

higher cytokine levels. This also holds true for cells treated 

with cytostatic drugs, where we could not detect an increase 

in cytokine concentrations. However, when we added treme-

limumab to iDC cells coincubated with H-1PV-infected cells, 

a trend towards a higher IFN-γ level under the influence of 

tremelimumab was detected; but, with a P-value of 0.198, 

it was not statistically significant.

Discussion
It has been shown recently that colon carcinoma cell lines 

can efficiently be infected by H-1PV.6–8 Our experiments 

indicate an MOI-dependent influence on cell viability and 

therefore demonstrate a concentration-dependent destruction 

of colorectal cancer cells. As parvoviruses showed a prefer-

ence for multiplying in malignant-transformed cells, and 

cytotoxicity was selective for tumor cells,5 this indicates the 

suitability of this approach for colorectal cancer treatment. 

Additionally, and in line with previous experiments for other 

cell types,6,7,22 our coculture experiments demonstrate that 

DCs did not suffer from the presence of H-1PV-infected 

colorectal cancer cells. Having defined the functionality of 

the system, we next analyzed the immune stimulatory effects 

of our colorectal cancer model system.

DCs showed a high expression of activation and matura-

tion markers in the presence of infected SW480 cells, which 

was described for melanoma,6,7,22 but not for colorectal 

cancer.

IFN-γ is a central mediator in the immune reaction by 

activating phagocytosis.23,24 Increased production of IFN-γ 

was detected with H-1PV treated SW480 in coculture with 

iDCs. Additionally, and to a much larger extent, the coculture 

system increased the production of TNF-α and IL-6. These 

results confirm promising features of H-1PV, which was 

described to improve antitumor immune response.5

In a model using human embryonic kidney cells 

(HEK293), H-1PV was found to exert its immunogenic 
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effects through activation of toll-like receptor (TLR) 3 and 

TLR9, leading to enhanced nuclear factor kappa-light-

chain-enhancer of activated B cells (NFκB) expression. 

Furthermore, in H-1PV-infected tumor cells lysates, TLR 

activation led to DC maturation and immune stimulation.25 

Activation of DCs to generate a DC-based cancer immu-

notherapy was part of several investigations;26,27 especially, 

the idea of a DC based vaccination against cancer was 

of interest.28 With H-1PV, a potential candidate to gain 

DC maturation and activation was described.9 However, 

immune escape of tumor cells is still a problem to overcome. 

Expression of CTLA-4 on tumors was shown to be part of 

these escaping mechanisms.29 CTLA-4-expressing cells 

can capture costimulatory ligands like CD80 or CD86 via 

trans-endocytosis, leading to degradation inside the cells.30 

To improve the antitumor immune response, the idea of 

combining H-1PV with tremelimumab, a CTLA-4-blocking 

monoclonal  antibody, was generated.

Our experiments demonstrated a higher extracellular 

expression of CTLA-4 on H-1PV-infected SW480 cells, 

comparable to that induced by 5-FU, oxaliplatin, or 

irinotecan, than on non-treated cell control. We tested the 

hypothesis that blocking CTLA-4 using tremelimumab 

will induce improvement of activation, stimulation, and 

maturation of DCs31,32 in colorectal cancer cells. Coculture 

experiments showed no influence of tremelimumab on DC 

maturation for colon carcinoma cells, while a direct influence 

of tremelimumab on cell viability was excluded. This is in 

line with results from clinical Phase II trials where tremeli-

mumab did not demonstrate a clinically meaningful single 

agent activity in patients with refractory metastatic colorectal 

cancer.33 In comparable receptor systems associated with the 

immune system like PD-1, blockade of receptor PD-1 or 

ligand PD-1 L did not gain objective responses for patients 

with colorectal cancer.34,35 However, combination therapies 

of tremelimumab with H-1PV or cytostatic drugs have not 

been evaluated thus far. In our setting, tremelimumab did 

not strengthen effects of H-1PV or cytostatic drugs on DC 

maturation. Nevertheless, influences on other parts of the 

immune system have to be investigated for these combina-

tions. Blocking CTLA-4 is a potential stimulus of the immune 

system. Controlling and blocking of CTLA-4 proved to be 

important in mediation of viral infection and improving viral 

elimination of hepatitis B, C, and E.36–39 It was demonstrated 

that CTLA-4 blockade was associated with a decrease in 

immunosuppressive molecules such as indoleamine 2,3-diox-

ygenase or tumor growth factor-β.40 Also, regulatory T cells 

express CTLA-4 and were described to be important in the 

immune escape of tumors, and blocking of CTLA-4 resulted 

in autoimmunity and improved immune response.41 Blocking 

CTLA-4 and eliminating regulatory T cells showed syner-

gistic effects.42 The mechanisms of CTLA-4 and its effector 

molecules, like indoleamine 2,3-dioxygenase, and also their 

interaction with regulatory T cells have been analyzed,41–43 

but its influence on and in combination with oncolytic 

viruses like H-1PV remains to be elucidated. This confirms 

the necessity of investigating these mechanisms especially 

to explore the potential benefit of H-1PV by combination 

therapy with anti-CTLA-4 antibodies. Here, DC maturation 

was not improved by tremelimumab, but cytokine analysis 

showed a higher expression of IFN-γ in cases of tremeli-

mumab treated coculture. IFN-γ increases expression of class 

I major histocompatibility complex as well as class II major 

histocompatibility complex on antigen presenting cells and is 

important for differentiation of T
h
-1 cells.44 Higher levels of 

IFN-γ were previously shown in supernatants of cytotoxic T 

lymphocytes in combination with H-1PV-infected melanoma 

cell clones compared to noninfected cells.9 Also, combination 

of H-1PV-infected cells and tremelimumab treatment showed 

higher cytokine concentrations of TNF-α and IL-6 compared 

to mDC cell control. TNF-α and IL-6 have synergistic effects 

on cancer; in particular by inducing apoptosis, and perhaps 

vascular targeting.45 High cytokine levels of both IFN-γ and 

TNF-α are of special interest because of synergistic effects 

in cases of apoptosis.46,47 TNF-α is part of the T
h
-1 cell 

immune response and is important for immune stimulating 

cytokine production, but was also described to gain a higher 

expression of the CTLA-4-similar surface molecule PD-1 

on monocytes.48 Inhibiting this pathway resulted in a better 

immune response.48 IL-6 also inhibits regulatory T cells, 

which are inhibitors for the antitumor immune response, 

and several experiments with cytokine-induced killer cells 

showed a positive effect of high IL-6 levels on antitumor 

response.44,49 This is similar to blocking of CTLA-4 as 

described above, so combination of these two effects is of 

interest. Higher levels of TNF-α and IL-6 were previously 

measured in a setting of cytotoxic T lymphocytes combined 

with iDCs and H-1PV-infected melanoma cells.7 IL-6 is also 

important in cases of vaccination models, as IL-6 provided by 

antigen-presenting cells is dispensable for proper CD8+ T cell 

memory generation.50 DC vaccination in combination with 

CTLA-4 blockade was described to be successful in cases of 

peptide-pulsed DCs and combination with tremelimumab.51 

Actual trials of oncolytic and immunotherapeutic vaccine 

virus JX-594 showed successfully that this virus can also be 

effective in cases of hepatocellular carcinoma by promoting 
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lysis of tumor cells, activating an antivascular effect, and 

inducing a durable immune response.52 So, the idea of vac-

cination also for colorectal cancer should be further inves-

tigated and the combination of H-1PV and tremelimumab 

seems to be a promising candidate.

Conclusion
H-1PV showed multiple features that make it a promising 

candidate for further investigations in colorectal cancer. 

Forthcoming results of clinical trials with H-1PV, for 

example, in cases of glioblastoma multiformes, are being 

awaited with interest53 and the latest trials have demonstrated 

the potential of oncolytic viruses in the case of hepatocel-

lular carcinoma.52 Furthermore, colorectal cancer proved 

to be a promising entity for additional investigations of 

immunotherapy. Here, the potential of H-1PV for generating 

an antitumor immune reaction via DC maturation also for 

SW480 cells is of special interest. Moreover, the combina-

tion of tremelimumab with H-1PV and their effects on the 

immune system need further investigation as CTLA-4 is 

part of the tumor immune escape mechanism and plays an 

important role in the mediation of the human immune sys-

tem. It needs to be understood in detail in order to improve 

cancer immunotherapy.
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