Short Communication

American Journal of Pathology, Vol. 159, No. 3, September 2001
Copyright © American Society for Investigative Pathology

Human Leukocyte Antigen G Up-Regulation in Lung
Cancer Associates with High-Grade Histology,
Human Leukocyte Antigen Class | Loss and

Interleukin-10 Production

Mirjana Urosevic,* Michael O. Kurrer,"

Jivko Kamarashev,* Beatrix Mueller,*

Walter Weder,* Guenter Burg,* Rolf A. Stahel,®
Reinhard Dummer,* and Andreas Trojan®

From the Departments of Dermatology,* Internal Medicine
(Division of Oncology),’ Pathology," and Surgery," University
Hospital Zurich, Zurich, Switzerland

Immune evasion in lung cancer results from both
structural and functional alterations of human leuko-
cyte antigen (HLA) class I molecules and the local
release of immunosuppressive cytokines. Recent data
suggest that HLA-G, a nonclassical class Ib molecule,
is involved in immune evasion by tumor cells. We
sought to determine whether HLA-G could contribute
to immunescape in lung cancer. All of 19 tumor spec-
imens examined demonstrated detectable membrane-
bound (HLA-G1), as well as soluble (HLA-G5) isoform
transcription. Nine of 34 (26%) tumors were positive
by immunohistochemistry using monoclonal anti-
body (mAb) 4H84, recognizing all denatured HLA-G
isoforms, of which six were positive using mAb 16G1,
recognizing soluble HLA-G. HLA-G immunoreactivity
correlated with high-grade histology, with HLA-G being
preferentially expressed on large-cell carcinomas. In
these patients, loss of classical HLA class I molecules
was observed to associate with HLA-G protein up-regu-
lation. Moreover, we found interleukin-10 expressed in
15 of 34 (44%) tumors, and in most of the HLA-G-posi-
tive cases (7 of 9), suggesting up-modulation of HLA-G
by interleukin-10. It is conceivable that HLA-G expres-
sion in lung cancer might be one of the ways how the
tumor down-regulates host immune response, in addi-
tion to interleukin-10 production and HLA class I loss.
(Am J Patbol 2001, 159:817-824)

Tumor escape from host immunosurveillance is fre-
quently attributed to the release of immunosuppressive

cytokines or the alteration of antigen-presenting mole-
cules on neoplastic cells.’"® The complete loss of human
leukocyte antigen (HLA) class | molecules results in a
resistance to cytotoxic T lymphocyte (CTL)-mediated ly-
sis, but it in turn renders tumor cells susceptible to natural
killer (NK) cell-mediated killing.” However, a more selec-
tive lack, ie, locus-specific or allelic deletion, could allow
immune evasion from effector cells, while retaining inhib-
itory effects on NK cells.”®

The nonclassical, HLA class Ib molecule, HLA-G is
physiologically expressed in tissues harboring delicate
immune interactions, such as the placenta and the thy-
mus.® HLA-G is presumed to mediate immunological
privilege for the semi-allogeneic fetus during pregnan-
cy.'®"" HLA-G transcripts are expressed at a low level in
a variety of human adult tissues, including peripheral
blood mononuclear cells and lung tissue.'? Alternative
splicing creates at least seven isoforms, of which four are
membrane-bound and three coding for soluble proteins
of HLA-G.2"3'* HLA-G is shown to protect HLA class
|-deficient targets from NK-mediated lysis, through inter-
actions with Killer inhibitory receptors on NK cells. 315717
The fact that lymphocytes, macrophages, and dendritic
cells harbor HLA-G-specific inhibitory ligands, such as
p49, ILT-2, and ILT-4,'82° elucidated HLA-G-mediated
inhibition of cytotoxic T cell (CTL)-specific response.?’ To
date, transcription of HLA-G has been reported in a va-
riety of human malignancies, including lung cancer.??2°
Although HLA-G protein expression was recently de-
scribed on intratumoral macrophages and dendritic
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Table 1. Clinical, Histological, and Immunohistochemical Data from Lung Cancer Patients

Tumor  Tumor Clinical HLA-G protein sHLA-G protein  pan-HLA class | IL-10 protein Infiltrating NK

No. Sex Age histology grade  stage expression expression expression expression cells
T M 53 SCC Il Illb R - FL - -
T2 M 66 SCC Il Ib R - CL - +
™ M 78 LCC I Illa T T CL + +
T4 M 59 LCC I Ib T,R, S T CL + +
T5 F 62 AC | la R - No loss + -
T M 78 LCC 11 Ib T,R, S T CL + +
T7 F 76 AC Il la - - CL - +
T8 F 52 LCC I Illa T,R, S T CL + +
T9 M 48 SCLC - extensive T,RS T FL + -
disease
10 M 69 AC I Ib R - FL + +
™M1 M 70 SCC Il Ilb R, S - CL + -
T2 M 63 SCC I Ilb R, S CL + +
T8 M 76 SCC I Ilb R - No loss - -
T14 F 54 SCC I Ib R - FL - -
T15 M 60 AC 11 le} T,R T CL + +
T6 F 71 AC Il Ib R, S - FL - +
T17 F 57 LCC 11 Ib T,S - CL + +
T18 F 56 AC I Ilb T,S - FL - -
M9 M 72 LCC 11 Ilb - - CL - +
T20 M 48 SCC | Ilb T - FL - +
™1 M 67 AC | le} - - CL + -
T22 M 65 AC | Ib R - FL - -
23 M 66 AC | Ilb S - CL - -
T24 M 68 AC | Ib - - FL - -
™5 M 62 AC | A R, S - FL - -
T26 F 74 AC | lla - - FL + -
T27 M 68 AC | Ila S - CL + +
28 M 71 AC | Ib - - CL - -
29 M 74 SCC Il la R, S - FL + -
T30 M 61 SCC Il [lla S - FL - +
31 M 66 AC Il I\ R - FL - +
32 M 65 AC Il Ib R, S - CL - +
38 M 76 AC Il Ilb R - CL - -
T34 M 59 SCC Il la R - CL - +

M, male; F, female; SCC, squamous cell carcinoma; LCC, large cell carcinoma; AC, adenocarcinoma; SCLC, small cell lung cancer; R,
immunoreactivity of residual bronchial structures; S, immunoreactivity of tumor-surrounding lung; T, tumor immunoreactivity; CL, complete loss of pan-
class | expression (defined as less than 25% of the cells showing immunoreactivity with TP25.99 mAb); FL, focal loss of pan-class | expression
(circumscribed area of TP25.99 immunonegative cells within the tumor); +, immunoreactivity; —, no immunoreactivity with anti-sHLA-G, anti-IL-10 or

anti-CD56 mAb.

cells,?®2® the HLA-G up-regulation on lung cancer cells
remains controversial.?223

In lung cancer, the secretion of immunosuppressive
T,2 type cytokines, dominated by interleukin-10, is a
frequent event and contributes to the progression of dis-
ease.'?”729 By down-regulating HLA class | expression
and selective HLA-G induction on tumor cells,? interleu-
kin (IL)-10 could contribute to an impaired immune rec-
ognition of the tumor.28:3"

Using real-time quantitative polymerase chain reaction
(PCR) (LightCycler™) we sought to determine HLA-G
transcriptional levels in lung cancer. In addition, we as-
sessed HLA-G protein expression by immunohistochem-
istry. Here we report that full-length membrane-bound
(HLA-G1) and soluble (HLA-G5) message was detect-
able in all tumor specimens and controls. However, only
a group of tumors displayed HLA-G immunoreactivity, of
which some were as well positive for expression of the
soluble isoform. HLA-G protein expression correlated
with both histological tumor type and grade. Loss of
classical HLA class | molecules coincided with HLA-G

protein up-regulation. All HLA-G-expressing tumors dem-
onstrated IL-10 immunoreactivity.

Materials and Methods

Tissue Samples and Cell Lines

A total of 34 lung cancer samples were collected after
surgical resection, after obtaining a previous informed
consent of the patient. The patients’ data, histological
diagnoses, and assigned stage are summarized in Table
1. Normal lung tissue as internal control was available
from seven patients. The human choriocarcinoma HLA-
G-positive cell line, JEG-3 (American Type Culture Col-
lection, Manassas, VA) was cultured in Dulbecco’s mod-
ified Eagle’s medium (Biochrom KG, Berlin, Germany)
supplemented with 10% heat-inactivated fetal calf serum
with antibiotics-antimycotic (GibcoBRL, Life Technolo-
gies AG, Basel, Switzerland), 1 mmol/L sodium-pyruvate
(GibcoBRL, Life Technologies AG) and 2 mmol/L L-glu-



Table 2. Oligonucleotides and PCR Conditions Used
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Amplicon Annealing °t, Free

Primers size, bp elongation time MgCl,
U522 (exon 3) 5'-CAA TGT GGC TGA ACA AAG GA-3’
L922 (exon 5) 5’-CCA GCA ACG ATA CCC ATG-3' 420 60°C;25s 4mmol/L
G5U522 (exon 3) 5'-CAA TGT GGC TGA ACA AAG GAG AG-3’
G5L990 (intron 4) 5’-ACC GAC CCT GTT AAA GGT CTT-3' 450 58°C;25s 3mmol/L
GAP1U19 5'-GAA GGT GAA GGT CGG AGT C-3’
GAP206L19 5'-GAA GAT GGT GAT GGG ATT T-3’ 224 55°C;10s 4mmol/L

tamine (Biochrom KG). First trimester trophoblast tissue
was obtained from elective termination of pregnancy after
informed consent of the patient, and used as an addi-
tional positive control.

RNA Extraction and cDNA Synthesis

Total RNA was extracted from 19 frozen tumor and 7
control lung tissue samples using High Pure RNA tissue
kit (Roche Molecular Biochemicals, GmbH, Mannheim,
Germany) according to the manufacturer’s recommenda-
tions. Approximately 1 png of RNA was reverse-tran-
scribed using oligo-p(dT),s priming and avian myelo-
blastosis virus (AMV) reverse transcriptase [First Strand
cDNA synthesis kit for reverse transcriptase-PCR (AMV),
Roche Molecular Biochemicals] at 42°C for 1 hour.
cDNAs were then stored at —20°C until further use.

Real-Time Quantitative PCR

HLA-G-specific PCR amplifications were performed us-
ing the following primer sets: U522(exon 3) and L922
(exon 5) detecting full-length membrane-bound HLA-G1
isoform; G5U522 (exon 3) and G5L990 (intron 4) ampli-
fying full-length soluble, HLA-G5 isoform (Table 2.).
Design of these two primer pairs and optimization for
the use in LightCycler quantification system was done
with the Oligo 5.0 primer analysis software (Molecular
Biology Insights Inc., Cascade, CO). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) primers and plas-
mids pCRIL.GAPDH were kindly provided by John
Gribben (Dana-Farber Cancer Institute, Harvard Medical
School, Boston, MA). A Hot-Start PCR was performed
using 2 ul of ready-to-use mastermix (LightCycler-Fast-
start DNA Master SYBR Green |, Roche Molecular Bio-
chemicals, containing thermostable recombinant Tag
polymerase, reaction buffer, dATP, dCTP, dGTP, dUTP),
0.5 umol/L of each oligonucleotide primers (desalted
PCR grade; Microsynth, Balgach, Switzerland), variable
free MgCl, concentrations (Table 2), 2 ul of cDNA, and
water to a final volume of 20 wl. After an initial denatur-
ation of 7 minutes to activate the FastStart enzyme, am-
plification occurred as a three-step cycling procedure:
denaturation at 95°C for 15 seconds, ramp rate 20°C/
second; annealing (Table 2), 10 seconds, ramp rate
20°C/second; and elongation at 72°C (Table 2), ramp
rate 2°C/second, for 40 cycles. The acquisition of fluo-
rescence was done at 87°C to avoid contribution of non-
specific products to the overall signal. Finally, the tem-

perature was raised gradually (0.2°C/second) starting
from 70 to 99°C for the melting curve analysis.

External standards for the GAPDH quantification con-
sisted of six serial 1:10 dilutions (5 X 10% to 5 x 10’
molecules per reaction) of pCRIL.GAPDH plasmids. Plas-
mids containing the full-length HLA-G insert, pLNCX.G 132
were used as six external standards for HLA-G1 and
HLA-G5 quantitative PCR, containing 10° to10” copies per
reaction (a kind gift from D. E. Geraghty, Fred Hutchinson
Cancer Research Center, Seattle, WA). External standards
were run concomitantly with patient samples under identical
conditions. The PCR reactions were run as triplicates, and
run data were analyzed with the quantification program
V3.39 (Roche Molecular Biochemicals). The fluorescence
signal was plotted against the cycle number for all samples
and external standards. The fit-points method option was
used in the course of analyzing quantification data, allowing
the definition of a noise band and subsequent background
fluorescence subtraction, and resulting in the display of only
log-linear and plateau amplification phases. The point when
the signal rose above the background level, so-called
“crossing point” was then determined for each standard
dilution. The standard curve was then generated for each
run, plotting the crossing point against the log concentration
of the standards. The single HLA-G1, HLA-G5, and GAPDH
standard curves as a result of triplicate runs were then used
as references to calculate the number of target molecules in
each sample. Results were expressed initially as the abso-
lute copy number/ul. Normalization of the estimated
HLA-G1 or HLA-G5 amount was achieved by calculating
the ratios between HLA-G1 or HLA-G5 and GAPDH copy
number in 1 ul of cDNA, to compensate the variations in
quantity and quality of starting mRNA. The normalized val-
ues were then multiplied by the constant 10%.

3 BHAGT
WHAGS

|
°: T T

Feeerererprapareree =2egEe: {]
i

Figure 1. Relative HLA-G1 and HLA-G5 transcriptional levels in lung cancer.
Values are expressed as mean * SD GAPDH-balanced ratios (as a result of
triplicate runs), multiplied with 10%, Pattern of HLA-G1 and HLA-G5 mRNA
expression in tumor (7 = 19) versus tumor-unaffected (n = 7) tissue.
Student’s rtest was performed: *, P = 0.047; **, P = 0.016.
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Each amplification product was analyzed for appropri-
ate length by electrophoresis of on 1.6% agarose gel
stained with ethidium bromide. The estimated size of the
amplified fragments matched the calculated size. In ad-
dition product identity was confirmed by melting curve
analysis, an application in the LightCycler analysis pro-
gram. The specificity of the obtained PCR products was
finally confirmed by sequencing.

Immunohistochemistry

In all 34 cases, formalin-fixed paraffin-embedded mate-
rial was available for immunohistochemistry. After micro-
wave antigen recovery an alkaline phosphatase-anti-al-
kaline phosphatase technique with the following primary
antibodies (Abs) was performed: 4H84 (1:500 dilution),
IgG, mouse monoclonal (mAb) raised against denatured
HLA-G a1-domain (kindly provided by M. McMaster, Uni-
versity of California, San Francisco, CA); 16G1 (1:250)
I9G,, mouse mAb detecting soluble HLA-G (kindly pro-
vided by D. E. Geraghty, Fred Hutchinson Cancer Re-
search Center, Seattle, WA); anti-MHC class | mAb
TP25.99, reacting with HLA-A, -B, -C, but not HLA-G (kind
gift from S. Ferrone, Roswell Park Cancer Institute, Buf-
falo, NY); anti-human IL-10 (E-10) mouse 1gG,, mAb
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA); anti-
human CD56 mouse IgG; mAb (Novocastra Laboratories
Ltd., Newcastle, UK); isotype-matched controls 1gG,,
19G,,, and IgG,, (DAKO, Glostrup, Denmark).

Double stainings were performed for IL-10 and CD56
against the mAb 4H84 (1:300 dilution). Briefly, after
deparaffinization and antigen retrieval, nonspecific bind-
ing sites were blocked by incubating slides with 20% AB
serum/phosphate-buffered saline for at least 15 minutes
at room temperature. Tissue sections were incubated
with different primary antibodies or isotype-matched con-
trol and secondarily, always with 4H84 mAb for 60 min-
utes. Each antibody application was followed by two
cycles of sequential incubations with rabbit anti-mouse
IgG and alkaline phosphatase-anti-alkaline phosphatase-
complexes (DAKO). The immunoreaction was visualized
with developing solutions, containing blue-purple 5-bro-
mo-4-chloro-3-indoxyl phosphate with nitro-blue-tetrazo-
lium-chloride (BCIP/NBT, from DAKO), which labeled pri-
mary antibody and red neufuchsin (DAKO) marking
HLA-G. Finally, sections were counterstained with hema-
toxylin. All of the incubations were performed at room
temperature in a moist chamber.

Statistical Analysis

Statistical analysis was performed using a SPSS statisti-
cal software (version 10.0; SPSS, Inc.)
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Results

Differential Expression of HLA-G mRNA Isoforms

Quantitative reverse transcriptase (RT)-PCR analysis re-
vealed that all tumor samples had detectable levels of
both HLA-G1 and HLA-G5 transcripts (Figure 1). How-
ever, uninvolved lung tissue specimens transcribed pref-
erentially full-length membrane-bound isoform HLA-G1
(Figure 1). Tumor tissue samples displayed an average of
a 2.6-fold increase in HLA-G1 (t-test, P = 0.047) and a
fourfold increase in HLA-G5 transcription (t-test, P =
0.016) when compared to unaffected lung samples (Fig-
ure 1). The transcriptional level for soluble HLA-G iso-
forms was significantly lower than for the membrane
bound (t-test, P = 0.01). Variable HLA-G transcription
within the samples as determined by quantitative PCR
however did not correlate to the tumor histology.

Tumors of High-Grade Histology Preferentially
Express HLA-G Protein

Immunohistochemistry detected HLA-G in 9 of 34 tumors
(26%), of which 6 (18%) were also positive for sHLA-G
protein (Table 1 and Figure 2; A to C). HLA-G positivity for
membrane-bound isoform (mAb 4H84) and soluble
HLA-G isoform (mAb 16G1) was heterogeneous, ranging
from single cells to larger clusters of positive cells (Figure
2, A to D).

In HLA-G-positive tumors, the loss of HLA class | im-
munoreactivity was a consistent finding (Figure 2, H and
). In six of nine cases we detected complete loss of HLA
class | molecules and focal loss in the remaining three
cases (Table 1). Conversely, tumor-unaffected lung dis-
played no detectable HLA-G protein expression,
whereas positivity for HLA class | antigens was found as
expected (Figure 2, G to I). Immunoreactivity with 4H84
was mainly detected on large-cell carcinomas (Spear-
man’s rho = 0.529, P = 0.001) and on the tumors of
high-grade histology (Spearman’s rho = 0.489, P =
0.004) (Figure 2, A and B). Accordingly, the expression of
sHLA-G was primarily encountered in large-cell carcino-
mas (Spearman’s rho = 0.582, P < 0.001) and in high-
grade tumors (Spearman’s rho = 0.495, P = 0.003) (Fig-
ure 2C). In addition, sHLA-G protein expression
correlated with HLA-G5 transcriptional levels (Spear-
man’s rho = 0.455, P = 0.05).

NK Cell Infiltrate in the Absence of HLA Class |
Expression

NK cells infiltrating the tumor margin were detected by
immunohistochemistry in 18 (53%) of the tumor samples.

Figure 2. Immunohistochemistry of lung tumors and adjacent lung tissue. A: Expression of membrane-bound HLA-G (mAb 4H4) on a large-cell carcinoma, T3.
B: Heterogeneous membrane-bound HLA-G expression on a large-cell carcinoma, T17. C: Expression of soluble HLA-G (mAb 16G1) on a large-cell carcinoma,
T3. D: Double staining for IL-10 (black chromogen) and membrane-bound HLA-G (red chromogen) in a large-cell carcinoma showing HLA-G-positive tumor cells
co-expressing IL-10 (violet chromogen), T3. E: HLA-G-expressing tumor cells associated with IL-10-positive infiltrating lymphocytes, T8. F: Induction of
membrane-bound HLA-G on residual lung tissue infiltrated by the tumor, T6. G: Induction of membrane-bound HLA-G on lung tissue adjacent to the tumor. H:
Negativity in lung tissue distant to the tumor. I and J: HLA-G expression (I) and partial loss of MHC class I expression (J) on tumor cells on corresponding tumor
sections, T17. K and L: Double staining for CD56 (black chromogen) and membrane-bound HLA G (red chromogen) showing close association of NK cells with
intact HLA-G-expressing tumor cells, T18. Original magnifications: X200 (A, E, G, H, and K), X100 (B), X400 (C and D), X50 (F, I, and J), X960 (L).
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In seven of the cases NK cells were found adjacent to
HLA-G-positive tumor cells (Figure 2, J and K). NK cell
infiltration associated with focal or complete loss of HLA
class | molecules on tumor cells (Spearman’s rho =
—0.338, P = 0.05) (Table 1).

HLA-G Protein Up-Regulation in Tumor-
Associated Lung Tissue

Apart from the tumor cells positivity, two additional pat-
terns of HLA-G expression could be observed. Within the
tumor, residual alveolar structures displayed HLA-G im-
munoreactivity in the majority [20 (59%)] of the cases
(Figure 2E). The second observed pattern consisted of
HLA-G expression in tumor surrounding the lung paren-
chyma in 16 of 34 cases (Figure 2, E and F). In eight of
these cases HLA-G positivity of the neighboring lung
could be observed, although the tumor was HLA-G-neg-
ative (Figure 2E). Additionally, tumor-infiltrating lympho-
cytes were found to be positive for HLA-G expression in
10 (29%) cases. Macrophages and dendritic cells dis-
played occasional HLA-G immunoreactivity, and positiv-
ity was independent of the tumor histological type (data
not shown).

IL-10 Expression Coincides with HLA-G Protein
Up-Regulation

Interleukin-10-producing cells were detected in 15 (44%)
cases, where HLA-G was either expressed by the tumor
in 7 of 9 cases (Spearman’s rho = 0.407, P = 0.017). The
tumor cells and tumor-infiltrating lymphocytes were the
source of IL-10 (Figure 2D). IL-10-producing cells were
often localized in the vicinity of the HLA-G-positive cells
(Figure 2D).

Discussion

Published data suggest that the expression of HLA-G
interferes with the function of immunocompetent NK and
T cells leading to immunological tolerance.’®'® Besides
beneficial effects on semigeneic and allogeneic graft
acceptance,®®®* the induction of the HLA-G molecule
may be used by viruses®® and tumors®3%3" to evade
host immunosurveillance. We have investigated the ex-
pression of this nonclassical HLA class | molecule in lung
cancer, addressing whether HLA-G could serve as an
additional mechanism modulating anti-tumor immune re-
sponse.

Here we demonstrate that HLA-G message is present
in tumors as well as in uninvolved lung tissue. Although
full-length membrane-bound and soluble HLA-G tran-
scripts were detected in all tumor samples examined,
HLA-G1 transcriptional levels were on average higher
than those of HLA-G5.24 However, normal uninvolved
lung tissue preferentially transcribed membrane-bound,
HLA-G1 isoform as previously reported.'? We also show
considerable intertumoral variability in HLA-G isoform
transcription that might reflect differences in tumor biol-

ogy. It is likely that the tumor environment, including
tumor-infiltrating cells could contribute to the fact that
HLA-G transcription in the average was significantly
higher in tumors as in uninvolved lung tissue.?*24:38

Immunohistochemistry detected HLA-G protein ex-
pression in approximately one third of the tumor speci-
mens. A substantial proportion of these tumors was also
positive for soluble HLA-G. Although HLA-G message
was present in all tumors available for PCR analysis,
protein expression could not be detected in some cases,
suggesting strong posttranscriptional regulatory mecha-
nisms.3® In fact, HLA-G protein could not be detected in
three cases despite elevated transcriptional levels.
HLA-G was preferentially induced on large-cell carcino-
mas and on tumors of high histological grade, that are
associated with a poor prognosis.®® A frequent focal or
complete loss of HLA class | molecules associated with
HLA-G protein expression in our tumor samples indicat-
ing an additional factor for impaired immune recognition
by effector cells.®*® With its co-expression on tumor
cells, bearing intact HLA class | molecules, HLA-G might
enhance class I-mediated NK lysis inhibition, by acting
as a major inhibitory ligand.*°*" Given its role in inhibition
of allo- and antigen-specific CTL response, 2442 tumors
bearing HLA-G would accomplish escape from cell-me-
diated immunosurveillance.

Of note, the expression of soluble HLA-G on transcrip-
tional and protein level seemed to be a phenomenon
restricted to malignant tissue, because its induction
could not be detected outside the tumor tissue. It remains
speculative whether in poorly differentiated lung tumors,
the release of soluble HLA-G into the blood stream may
contribute to the systemic immunosuppression by induc-
ing apoptosis in T cells.***3 In addition, HLA-G expres-
sion at the tumor-lung interface as well as in tumor-
infiltrating lymphocytes, macrophages, and dendritic
cells might promote the presentation of tumor derived-
and self-peptides,?*374445 which in turn could provide a
tolerant environment for the spread of disease.

In lung cancer, the impairment of anti-tumor immuni-
ty?® is frequently associated with a shift toward a T,2
cytokine profile during progression of the disease,?’ re-
sulting in unresponsiveness to the autologous tumor
cells." #2829 |t has been demonstrated previously that
within the T,,2 cytokine profile, IL-10 has the capability to
induce HLA-G expression.3%4” Because HLA-G up-reg-
ulation associated with IL-10 secretion either from the
tumors or subsets of tumor infiltrating cells, HLA-G ex-
pression might be one of the mechanisms how IL-10
exerts its immunosuppressive effects. Via nonclassical
action modus, HLA-G could also mediate the induction of
IL-10 and other T2 type cytokines,*®~°° thereby forming
a vicious autocrine circle of immune response abrogation
in cancer.3%:4?

In conclusion, HLA-G protein expression that localizes
to both the lung tumor as well as the tumor-lung interface
may participate in a dynamic immunoregulatory process
enabling the tumor expansion. Our data suggest, that
both inflammatory cells and tumor-derived cytokines
could further facilitate immune response evasion through
HLA-G up-regulation. Additional studies on the structural



and functional alterations of HLA-G expression in lung
tumors may help to identify those patients who could
benefit from immunomodulatory treatment.
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