
Infection 32 · 2004 · No. 5 © URBAN & VOGEL 287

Impaired CD8+ T-Cell Reactivity against Viral 
Antigens in Cancer Patients with Solid Tumors 

A. Trojan, R. Giger, N. Rist, R. F. Speck

Abstract
Background: Patients with hematological malignancies are 
at increased risk for various infections. In patients with 
solid cancer, a variety of immunosuppressive mechanisms 
affecting T-cell response are described. We hypothesized that 
patients with advanced solid tumors may exhibit an impaired 
recognition of viral antigens. To test this, the capability of 
CD8+ T cells to recognize recall antigens from influenza and 
vaccinia virus was compared in patients and healthy indivi-
duals. Since all patients and most of the healthy individuals 
had been vaccinated against vaccinia years ago, comparison 
of the two groups was expected to be especially informative 
with respect to distinct effector T-cell reactivity. 
Materials and Methods: Our test population included 16 
healthy individuals and 12 patients with advanced solid 
cancers who were currently not receiving chemotherapy. We 
stimulated peripheral blood mononuclear cells (PBMC) ex 
vivo with the well-characterized influenza A matrix 58–66 
peptide and the immunogenic and HLA-A*0201 restricted 
peptide epitope SLSAYIIRV derived from the modified 
vaccinia virus Ankara (MVA). A specific CD8+ T-cell reactivity 
was determined by quantitative real-time polymerase chain 
reaction (qRT-PCR) measuring changes in interferon gamma 
(IFN-γ) mRNA expression levels. 
Results: We found that significantly fewer cancer patients 
than healthy individuals exhibited specific T-cell recognition 
of the vaccinia epitope (25% and 69%, respectively). In 
addition,  strength of the T-cell responses against both viral  
peptides was significantly reduced in  cancer patients.
Conclusion: Patients with advanced tumors are less likely 
to mount a T-cell response against viral epitopes. These 
findings may have implications for the design of immuno-
therapeutic interventions against virus-induced diseases, 
including tumors.  
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Introduction
Vaccines and other immunotherapies hold great promise 
as treatments for viral diseases and cancer, but are pre-

mised on the patient’s ability to mount an appropriate T-
cell response to a specific antigen. A vast amount of viral- 
and tumor-derived antigens have been identified that are 
recognized by cytotoxic T lymphocytes (CTL) in a major 
histocompatibility complex (MHC) class I restricted fa-
shion [1–5]. In contrast, little is known about the frequency 
and function of antigen-specific CD8+ T cells in selective 
patient populations, information that might be critical for 
the development of immunotherapeutic regimens.

In an attempt to determine CTL reactivity in patients 
and healthy individuals, we characterized the antigen-spe-
cific CD8+ T-cell response against epitopes from two viral 
model antigens, influenza and vaccinia [2, 6]. In adults, 
repeated exposure to influenza results in stimulation of 
the virus-specific memory and naive CTL precursor reper-
toire [1, 7]. In contrast, vaccination with modified vaccinia 
virus strains decades ago supposedly induced a life-long 
protective immune response provided by long-lasting and 
virus-specific CTL memory [8, 9]. HLA-A*0201-restricted 
CTL responses have been identified for both model viral 
antigens. For influenza, healthy individuals and patients 
with advanced cancer show a CTL response against the 
matrix peptide 58–66 [2, 3, 10, 11]. A recently identified 
immunogenic epitope derived from modified MVA, allows 
for direct monitoring of specific CD8+ T-cell responses in-
duced by different vaccinia virus strains [6, 12–14].

Patients with hematological malignancies are at incre-
ased risk for various infections [15, 16]. In patients with 
solid cancer, a variety of immunosuppressive mechanisms 
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affecting T-cell response systemically and in the tumor mi-
lieu are described [17, 18]. Therefore, we hypothesized that 
effector T cells from peripheral blood of cancer patients 
are less likely to mount an efficient response against the 
two viral recall antigens than T cells from healthy donors. 
Upon stimulation with an antigenic peptide epitope, CD8+ 
T cells generate the cytokine Interferon gamma (IFN-γ) 
[17, 18]. Here, we quantified this response in healthy indi-
viduals and in cancer patients by measuring IFN-γ mRNA 
expression following stimulation with antigenic peptides 
derived from influenza and vaccinia virus. 

Materials and Methods
Patients

Inclusion criteria included the presence of HLA-A*0201 MHC 
class I genotype, as determined by sequence-specific primer PCR 
(Protrans GmbH, Ketsch, Germany). Blood samples were obtai-
ned after informed consent. 16 healthy individuals, all health-care 
workers aged 27–60 years (mean 40 years), and 12 cancer patients 
(age 33–77 years, mean 58 years) were recruited. All patients were 
suffering from locally advanced and metastatic disease; in particu-
lar, two patients each suffered from solid cancers of the lung, co-
lon, pancreas, breast, and oropharynx, one patient had renal cell 
cancer, and another had liposarcoma. None of the cancer patients 
had received systemic chemotherapy or immunotherapy within 4 
weeks prior to examination of T cell reactivity. Detailed patient 
characteristics are shown in table 1. According to the detailed and 
reliable medical history, 13 healthy volunteers and all 12 patients 
had received the smallpox vaccination once in their lifetime (Ta-
ble 1). The time since the last smallpox vaccination was 7–38 years 
(mean 31 years, median 33 years). The donors were not tested for 

antibodies to influenza A since almost all individuals are seropo-
sitive due to previous exposure. Current influenza vaccines con-
sist of surface antigens such as hemagglutinin and neuraminidase; 
thus, they do not induce T-cell reactivity against the conserved 
matrix peptide from influenza A virus. Vaccination status of the 
individuals tested was therefore not relevant. 

Stimulation of Cytotoxic T Lymphocytes 
Peripheral blood mononuclear cells (PBMC) were isolated from 
heparinized blood by Ficoll-Hypaque density gradient centrifuga-
tion (Pharmacia Biotech, Uppsala, Sweden). For ex vivo stimula-
tion the vaccinia virus-derived epitope SLSAYIIRV which is pres -
ent in different vaccine strains was used [6, 14]. T-cell reactivity 
against influenza A virus was determined using the matrix peptide 
58–66 GILGFVFTL [2]. Reactivity to this antigen is demonstra-
ted in most individuals representing the individual memory T cell 
reactivation with respect to annual exposure [4, 10, 19–23]. All 
peptides were generated with standard solid phase chemistry on 
a multiple peptide synthesizer and analyzed by mass spectrome-
try [90% purity shown by high-pressure liquid chromatograhy 
(HPLC)], as described [23]. 

Autologous PBMC displaying vaccinia- and influenza-derived 
candidate peptides and a non-immunogenic control peptide (also 
not binding to HLA-A2) were used to expand specific CTL pre-
cursors from patients and healthy individuals as previously descri-
bed [23–25]. Briefly, ~2 X 106 PBMCs were pulsed with the appro-
priate peptide (5 µg/ml) and incubated for 1 h at 37 °C in X-VIVO 
10 medium (BioWhitaker, Gagny, France) supplemented with 
3 µg/ml �2-microglobulin, recombinant IL-7 (10 ng/ml) and 
IL-2 (10 U/ml) (R&D, Wiesbaden, Germany). One restimu-
lation was performed after 1 week (day 8) with the appropri-
ate peptide at the same concentration without adding cytoki-
nes. To obtain the highest IFN-γ mRNA yield, 2 X 106 PBMCs 
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Healthy  Age Smallpox                      Age       Smallpox
individuals     Gender  (years)     vaccination       Patients      Gender (years)    vaccination Cancer  TNM Stage

HD1  f 40 - P1 f 44 + Breast T4N1M1 IV
HD2 m 29 + P2 m 33 + HN T4N2M1 IV
HD3 m 27 - P3 m 56 + Lung T2N3M1 IV
HD4 f 35 + P4 f 70 + Breast T4N3M1 IV
HD5 f 46 + P5 f 60 + Lung T4N2M1 IV
HD6 f 60 + P6 m 53 + HN T2N1M1 IV
HD7 m 34 + P7 m 65 + Colon T3N2M1 IV
HD8 m 56 + P8 m 77 + Pancreas T3N1M1 IV
HD9 m 38 + P9 m 59 + RCC T4NxM1 IV
HD10 m 30 + P10 m 57 + Pancreas T2N1M1 IV
HD11 f 36 + P11 f 57 + Colon T2N1M1 IV
HD12 f 38 - P12 m 71 + LS T4NxM1 IV
HD13 f 38 +       
HD14 f 51 +       
HD15 f 53 +       
HD16 m 34 +

TNM staging of all patients with metastatic cancer (stage IV) at the time of evaluation was performed according to the updated 6th edition 
of the American Joint Committee on Cancer 2002 Cancer Staging Manual. Individuals who had received vaccinia vaccination (at least) once 
in their lifetime: +, those without vaccination: -; RCC: the patient with renal cell cancer; HN: head and neck cancer; LS: liposarcoma; f: 
female; m: male.   

Table 1
Characteristics of patients and healthy volunteers.      
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Figure 1. Assessment of immune reactivity for the influenza A peptide58–66 and the smallpox peptide with the TaqMan qRT-PCR in 16 healthy 
donors (HD) and 12 patients (P). Reactivity is displayed as the mean IFN-γ/CD8 ratio ± SD of healthy donors against the influenza matrix pep-
tide (H-flu) and the vaccinia peptide (H-po). Results are demonstrated for the patient (p-flu; p-po) group (according to individuals and con-
ditions a scatter graph is inserted). For characteristics of all individuals and clinical data of the cancer patients please refer to table 1 and the 
Materials and Methods section. IFN-γ/CD8 ratios were assessed as well after exposure to the irrelevant control peptide from a subset of ten 
individuals; mean values were calculated for all negative controls as indicated.

stimulation with HLA class I-presented epitope defines CD8+ 
T cells as the only relevant population, mRNA copy numbers 
were corrected for CD8 mRNA copies from the same sample 
creating a ratio that reflects the status of CD8+ T cell activation 
[3, 4, 20, 23]. This method of mRNA cytokine analysis after ex 
vivo exposure to viral or tumor peptides represents a simple and 
sensitive alternative to other methods that test epitope-induced 
T-lymphocyte reactivation for identifying immune dominant epi-
topes and investigation of clinically relevant T-cell responses [26]. 
Negative control IFN-γ/CD8 ratios (baseline ratios) were assessed 
for the irrelevant peptide AHTKDGFNF previously shown not to 
bind to HLA-A2 and not to be immunogenic [5, 23]. To determine 
the baseline ratios, T-cell reactivity against this irrelevant peptide 
was analyzed; the mean results of ten individual donors tested 
served as baseline. A positive response was defined as one greater 
than three standard deviations above background. All assays were 
performed in triplicate. Quantitative PCR results are displayed as 
CD8-normalized IFN-γ levels (IFN-γ/CD8 ratio ± SD). 

Statistics
The Kruskal-Wallis test was used for non-parametric compari-
sons of multiple groups. The Mann-Whitney test was used for 

were harvested 2 h after the last peptide-triggered restimulation 
[3, 4] and used immediately for RNA extraction and cDNA syn-
thesis [20, 23]. 

Real-Time Quantitative PCR
RNA (1 µg) was reverse-transcribed using oligo-p(dT)15 priming 
and avian myeloblastosis virus (AMV) reverse transcriptase (1st 
Strand cDNA Synthesis Kit for RT-PCR [AMV], [Roche Mole-
cular Biochemicals – RMB; GmbH, Mannheim, Germany] at 42 
°C for 1 h. Gene expression was measured with the ABI Prism 
7700 Sequence Detection System (Applied Biosystems, Foster 
City, CA, USA). PCR amplifications were carried out in tripli-
cate. Primer sequences for IFN-γ and CD8 were as follows: IFN-
γ (forward) 5’-AGCTCTGCATCGTTTTGGGTT-3’, IFN-γ (re-
verse) 5’-GTTCCATTATCCGCTACATCTGAA-3’; CD8 (for-
ward) 5’-CCCTGAGCAACTCCATCATGT-3’, CD8 (reverse) 
5’-GTGGGCTTCGCTGGC-3’. Corresponding TaqMan probes 
were used as described [3, 20]. DNA standards were generated 
by PCR amplification of gene products, purification, and quan-
tification by spectrophotometry (absorbance at 260 nm); stan-
dard curves were generated for both IFN-γ and CD8 and allow-
ed for extrapolation of the corresponding copy numbers. Since 



comparisons between groups, the Wilcoxon signed rank test for 
comparisons within the groups. The �2 test was used to compare 
the frequency of T cell reactivity between groups.

Results
Quantitative PCR Assessment of Peptide-
Specific Reactivity

We defined reactivity as the IFN-γ/CD8 ratio of ex vivo 
expanded peptide-specific precursors. Reactivity was 
monitored as changes in IFN-γ gene expression as deter-
mined by real-time qPCR [5, 20, 23, 26]. Significant reac-
tivity against the vaccinia virus peptide was demonstrated 
in 69% of the vaccinated healthy individuals (9/13), but 
in only 25% of the patients (P2, P6, and P8). Frequency 
of T-cell reactivity significantly differed between healthy 
individuals and patients (�2 p < 0.027). Similar results for 
CD8+ T cell response were obtained in a cohort of 306 
healthy vaccine recipients 20–75 years after vaccination, 
substantiating our findings [27]. The strength of T cell 
reactivity against the vaccinia peptide in the entire co-
hort of cancer patients was significantly lower than was 
observed in healthy individuals (cancer patients: mean ± 
SEM was 0.23 ± 0.04, median 0.19; and healthy donors: 
mean ± SEM was 0.53 ± 0.12, median 0.36, respectively; 
Wilcoxon signed rank test p < 0.05). Two healthy do-
nors had received a booster vaccination against smallpox 
9 years (HD 6) and 7 years (HD 11) prior to the study. 
Surprisingly, they did not reveal any reactivity against the 
vaccinia peptide as compared to the irrelevant control 
peptide [8].

A significant increase in IFN-γ/CD8 ratio upon stimu-
lation with the influenza matrix peptide was demonstrated 
in 13 of 16 healthy donors (81%) and seven of 12 patients 
(58%), respectively (Figure 1) (frequency of T-cell reactiv-
ity p = 0.1841). Except for patient 9 (P9), who had previ-
ously undergone resection of a primary metastatic renal 
cell cancer, the average increase of IFN-γ /CD8 ratio was 
significantly higher in healthy individuals as compared to 
cancer patients (healthy donors: the mean ± SEM was 1.08 
± 0.2, median 0.92 and cancer patients: mean 0.53 ± 0.16, 
median 0.315, respectively; Mann-Whitney test p < 0.008). 
Ratios for IFN-γ/CD8 copies were 4.5 and 2.2 times, re-
spectively, above baseline indicating that ex vivo kinetics of 
the virus-specific effector T-cell repertoire and the corre-
sponding functional state are comparable to data obtained 
from tetramer-guided sorting and in vitro studies in hu-
mans [26–30]. We also found an increased reactivity (in-
dicated as IFN-γ/CD8 ratio) against the influenza peptide 
in comparison to that against the vaccinia peptide in both 
healthy individuals and cancer patients (p = 0.0082 and 
p = 0.0093, respectively).

Discussion
The importance of a strong and specific CD8+ T cell re-
sponse has become increasingly evident for the control of 
viral infection and tumor [1, 31, 32]. Alterations in cell-

mediated immune function are associated with frequent 
bacterial and viral infections; in cancer patients, however, 
lack of efficient T cell responses against viral pathogens is 
mainly reported in patients with hematological malignan-
cies [15, 16, 31, 33, 34]. Here we examined the reactivity 
against viral epitopes of influenza and vaccinia in patients 
with advanced solid tumors. 

We found that the frequency of immune response 
to the vaccinia epitope was significantly lower in cancer 
patients than in healthy individuals (25% vs 69%, respec-
tively). Also, strength of the specific T-cell response was 
significantly impaired in cancer patients when compared 
to the group of healthy individuals. These results suggest 
that advanced solid cancer may negatively influence spe-
cific CTL responses. However, frequency for recognition 
of the influenza virus epitope was similar in the group of 
healthy individuals and cancer patients. It is therefore con-
ceivable that cancer patients maintain their ability to re-
act to recall antigens like influenza A matrix to which they 
might be exposed repeatedly during the annual influenza 
season. Strength of the T cell reactivity against the influenza 
A epitope again was significantly lower in cancer patients, 
indicating that the recognition of both the vaccinia and the 
influenza antigen may be impaired by immunosuppressive 
conditions with respect to tumor burden and progression of 
disease, a reduced T cell repertoire or disrupted time frame 
for T cell recovery [15, 16, 35]. The increase in the CD8 nor-
malized T cell reactivity may appear moderate but is signifi-
cant and in line with other representative studies [26–30].

Of note, in all individuals tested the strength of T cell 
reactivity against the antigenic influenza peptide was signi-
ficantly higher than against the vaccinia antigen; a superior 
T cell reactivity that may be due to boosting and expansion 
of a virus-specific memory and naive CTL precursor reper-
toire [31, 36].

Unexpectedly, the two healthy volunteers who had 
received a smallpox booster 7 and 9 years previously did 
not exhibit an enhanced T cell reactivity against this im-
munogenic peptide. Whether this observation may be 
due to a potential disproportionate loss of specific CD8+ 
T cells early after boosting remains unclear [27, 36].

Results of this pilot study require validation in pros-
pective clinical trials also involving a greater number of 
individuals and complementary techniques such as tetra-
mer staining, ELISPOT and chromium release assays [26, 
37]. It should also be stressed that we have not evaluated 
other shared modes of protective immunity such as CD4+ 
T cell response and serum antibody levels [31, 36]. 

In conclusion, frequency and strength of the CD8+ 
T cell reactivity to the vaccinia epitope seemed to be im-
paired in cancer patients. Nonetheless, it appears that can-
cer patients maintain the ability to mount a specific T cell 
reactivity against viral epitopes. Whether quantification 
of T cell reactivity against antigens will serve as surrogate 
marker for monitoring in therapeutic and experimental 
vaccination settings needs to be explored.

A. Trojan et al. Reactivity against Viral Epitopes in Cancer Patients

290 Infection 32 · 2004 · No. 5 © URBAN & VOGEL



Acknowledgments
This work was supported by the Kanton Zurich Cancer League 
and by the EMDO Foundation Zurich. We thank C. Ebnöther for 
her assistance with this manuscript.

References

1.  Ennis FA, Cruz J, Demkowicz WE Jr, Rothman AL, McClain, DJ: 
Primary induction of human CD8+ cytotoxic T lymphocytes and 
interferon-gamma-producing T cells after smallpox vaccination. 
J Infect Dis 2002; 185: 1657–1659.

2.  Gotch F, Rothbard J, Howland K, Townsend A, McMichael A: Cy-
totoxic T lymphocytes recognize a fragment of influenza virus 
matrix protein in association with HLA-A2. Nature 1987; 326: 
881–882.

3.  Kammula, US, Marincola FM, Rosenberg SA: Real-time quanti-
tative polymerase chain reaction assessment of immune reac-
tivity in melanoma patients after tumor peptide vaccination. J 
Natl Cancer Inst 2000; 92: 1336–1344.

4.  Nielsen MB, Monsurro V, Migueles SA, Wang E, Perez-Diez A, 
Lee KH, et al.: Status of activation of circulating vaccine-elicited 
CD8+ T-cells. J Immunol 2000; 165: 2287–2296.

5.  Trojan A, Schultze JL, Witzens M, Vonderheide RH, Ladetto M, 
Donovan JW et al.: Immunoglobulin framework-derived pepti-
des function as cytotoxic T-cell epitopes commonly expressed in 
B-cell malignancies. Nat Med 2000; 6: 667–672.

6.  Drexler I, Staib C, Kastenmuller W, Stevanovic S, Schmidt B, 
Lemonnier FA, et al.: Identification of vaccinia virus epitope-spe-
cific HLA-A*0201-restricted T-cells and comparative analysis of 
smallpox vaccines. Proc Natl Acad Sci USA 2003; 100: 217–222.

7.  Jameson J, Cruz J, Ennis FA: Human cytotoxic T-lymphocyte re-
pertoire to influenza A viruses: J Virol 1998; 72: 8682–8689.

8.  Demkowicz WE Jr, Littaua RA, Wang J, Ennis FA: Human cytotoxic 
T-cell memory: long-lived responses to vaccinia virus. J Virol 
1996; 70: 2627–2631.

9.  Frey SE, Newman FK, Cruz J, Shelton WB, Tennant JM, Polach T, et 
al.: Dose-related effects of smallpox vaccine. N Engl J Med 2002; 
346: 1275–1280.

10.  Lehner PJ, Wang EC, Moss PA, Williams S, Platt K, Friedman SM, et 
al.: Human HLA-A0201-restricted cytotoxic T lymphocyte recog-
nition of influenza A is dominated by T-cells bearing the V beta 
17 gene segment.  J Exp Med 1995; 181: 79–91.

11.  Schuler-Thurner B, Dieckmann D, Keikavoussi P, Bender A, 
Maczek C, Jonuleit H, et al.: Mage-3 and influenza-matrix pep-
tide-specific cytotoxic T-cells are inducible in terminal stage 
HLA-A2.1+ melanoma patients by mature monocyte-derived 
dendritic cells. J Immunol 2000; 165: 3492–3496.

12.  Birmingham K, Kenyon G: Smallpox vaccine development qui-
ckened. Nat Med 2001; 7: 1167.

13.  Redfield, RR, Wright DC, James WD, Jones TS, Brown C, Burke DS: 
Disseminated vaccinia in a military recruit with human immuno-
deficiency virus (HIV) disease. N Engl J Med 1987; 316: 673–676.

14.  Drexler I, Antunes E, Schmitz M, Wolfel T, Huber C, Erfle V, et al.: Modi-
fied vaccinia virus Ankara for delivery of human tyrosinase as mela-
noma-associated antigen: induction of tyrosinase- and melanoma-
specific human leukocyte antigen A*0201-restricted 
cytotoxic T cells in vitro and in vivo. Cancer Res 1999; 59: 4955–4963.

15.  Maecker B, Anderson KS, Bergwelt-Baildon MS, Weller E, Vonder-
heide RH, Richardson PG, et al.: Viral antigen-specific CD8(+) T-
cell responses are impaired in multiple myeloma. Br J Haematol 
2003; 121: 842–848.

16.  Mariani S, Coscia M, Even J, Peola S, Foglietta M, Boccadoro M, et 
al.: Severe and long-lasting disruption of T-cell receptor diversity 

in human myeloma after high-dose chemotherapy and auto-
logous peripheral blood progenitor cell infusion. Br J Haematol 
2001; 113: 1051–1059.

17.  De Vita F, Orditura M, Galizia G, Romano C, Roscigno A, Lieto E, et 
al.: Serum interleukin-10 levels as a prognostic factor in advanced 
non-small cell lung cancer patients. Chest 2000; 117: 365–373.

18.  Sharma S, Stolina M, Lin Y, Gardner B, Miller P. W, Kronenberg 
M, et al.: T cell-derived IL-10 promotes lung cancer growth by 
suppressing both T cell and APC function. J Immunol 1999; 163: 
5020–5028.

19.  Carreno BM, Koenig S, Coligan JE, Biddison WE: The peptide bin-
ding specificity of HLA class I molecules is largely allele-specific 
and non-overlapping. Mol Immunol 1992; 29: 1131–1140.

20.  Kammula US, Lee KH, Riker AI, Wang E, Ohnmacht GA, Rosen-
berg SA, et al.: Functional analysis of antigen-specific T lympho-
cytes by serial measurement of gene expression in peripheral 
blood mononuclear cells and tumor specimens. J Immunol 1999; 
163: 6867–6875.

21.  Sauma SY, Gammon MC, Bednarek MA, Cunningham B, Biddi-
son WE, Hermes JD, et al.: Recognition by HLA-A2-restricted 
cytotoxic T lymphocytes of endogenously generated and exo-
genously provided synthetic peptide analogues of the influ-
enza A virus matrix protein. Hum Immunol 1993; 37: 252–258.

22.  Scheibenbogen C, Lee KH, Mayer S, Stevanovic S, Moebius U, 
Herr W, et al.: A sensitive ELISPOT assay for detection of CD8+ 
T lymphocytes specific for HLA class I-binding peptide epito-
pes derived from influenza proteins in the blood of healthy 
donors and melanoma patients. Clin Cancer Res 1997; 3: 
221–226.

23.  Trojan A, Urosevic M, Hummerjohann J, Giger R, Schanz U, Stahel 
RA: Immune reactivity against a novel HLA-A3-restricted influ-
enza virus peptide identified by predictive algorithms and inter-
feron-gamma quantitative PCR. J Immunother 2003; 26: 41–46.

24.  Pittet MJ, Zippelius A, Speiser DE, Assenmacher M, Guillaume 
P, et al.: Ex vivo IFN-gamma secretion by circulating CD8 T lym-
phocytes: implications of a novel approach for T cell monitoring 
in infectious and malignant diseases. J Immunol 2001; 166: 
7634–7640.

25.  Trojan A, Urosevic M, Dummer R, Nestle FO, Stahel RA: Real-time 
polymerase chain reaction monitoring of epithelial cell adhe-
sion molecule-induced T cell stimulation in patients with lung 
cancer and healthy individuals using lightcycler technology. J 
Immunother 2002; 25: 264–268.

26.  Provenzano M, Mocellin S, Bonginelli P, Nagorsen D, Known SW, 
Stroneck DF: Ex vivo screening for immunodominant viral 
epitopes by quantitative real time polymerase chain reaction 
(qRT-PCR). J Transl Med 2003; 1: 12–18.

27.  Hammarlund E, Lewis MW, Hansen SG, Strelow LI, Nelson JA, 
Sexton GJ, et al.: Duration of antiviral immunity after smallpox 
vaccination. Nat Med 2003; 9: 1131–1137.

28.  Dunbar PR, Ogg GS, Chen J, Rust N, van der Bruggen P, Cerundolo 
V: Direct isolation, phenotyping and cloning of low-frequency 
antigen-specific cytotoxic T lymphocytes from peripheral blood. 
Curr Biol 1998; 8: 413–416.

29. Grayson JM, Murali-Krishna K, Altman JD, Ahmed R: Gene ex-
pression in antigen-specific CD8+ T cells during viral infection. J 
Immunol 2001; 166: 795–799.

30.  Lawson TM, Man S, Williams S, Boon AC, Zambon M, Borysiewicz 
LK: Influenza A antigen exposure selects dominant Vbeta17+ 
TCR in human CD8+ cytotoxic T-cell responses. Int Immunol 
2001; 13: 1373–1381.

31.  Belyakov IM, Earl P, Dzutsev A, Kuznetsov VA, Lemon M, Wyatt 
LS, et al.: Shared modes of protection against poxvirus infection 

A. Trojan et al. Reactivity against Viral Epitopes in Cancer Patients

Infection 32 · 2004 · No. 5 © URBAN & VOGEL 291



by attenuated and conventional smallpox vaccine viruses. Proc 
Natl Acad Sci USA 2003; 100: 9458–9463.

32.  Erickson AL, Walker CM: Class I major histocompatibility com-
plex-restricted cytotoxic T-cell responses to vaccinia virus in 
humans. J Gen Virol 1993; 74: 751–754.

33.  Kay, NE, Leong TL, Bone N, Vesole DH, Greipp PR, Van Ness B, et 
al.: Blood levels of immune cells predict survival in myeloma pa-
tients: results of an Eastern Cooperative Oncology Group phase 
3 trial for newly diagnosed multiple myeloma patients. Blood 
2001; 98: 23–28.

34.  Massaia M, Borrione P, Attisano C, Barral P, Beggiato E, Montac-
chini L, et al.: Dysregulated fas and Bcl-2 expression leading to 
enhanced apoptosis in T-cells of multiple myeloma patients. 
Blood 1995; 85: 3679–3687.

35.  Dhodapkar M. V, Geller M. D, Chang D. H, Shimizu K, Fujii S, 
Dhodapkar K. M, et al.: A reversible defect in natural killer T-cell 
function characterizes the progression of premalignant to mali-
gnant multiple myeloma.  J Exp Med 2003; 197: 1667--1676.

36.  Terajima, M. Cruz, J. Raines, G. Kilpatrick, E. D. Kennedy, J. S, et al.: 
Quantitation of CD8+ T-cell responses to newly identified HLA-
A*0201- restricted T-cell epitopes conserved among vaccinia and 
variola (smallpox) viruses.  J Exp Med 2003; 197: 927–932.

37.  Scheibenbogen C, Romero P, Rivoltini L, Herr W, Schmittel A, Ce-
rottini J. C, et al.: Quantitation of antigen-reactive T-cells in pe-
ripheral blood by IFNgamma-ELISPOT assay and chromium-re-
lease assay: a four-centre comparative trial. J Immunol Methods 
2000; 244: 81–89.

A. Trojan et al. Reactivity against Viral Epitopes in Cancer Patients

292 Infection 32 · 2004 · No. 5 © URBAN & VOGEL


