Strong HLA-DR antigen expression on cancer cells
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Strong HLA-DR antigen expression on cancer cells relates to
better prognosis of colorectal cancer patients, although the
precise mechanism is controversial. From an immunological point
of view, HLA-DR antigen, induced by interferon (IFN)-y, is
required for tumor-associated antigen recognition by CD4* T
cells. For instance, as reported previously, the expression of HLA-
DR antigen in normal colorectal epithelium immediately adjacent
to cancer coincided significantly with the existence of IFN-y
mRNA in the tissue. From another aspect, IFN-yhas been revealed
to suppress c-myc expression in vivo through a stat1-dependent
mechanism, which is important for cell growth, cell cycle and
chromosome instability. In the present study, strong HLA-DR-
positive expression on cancer cells was significantly related to
better prognosis for colorectal cancer patients. High IFN-y mRNA
expression in situ indicated significantly less activation of c-myc
mRNA expression. Further, HLA-DR antigen expression in cancer
cells, as well as Dukes stages, was an independent factor for
better long-term survival by multivariate analysis. Taken
together, IFN-y, which induces HLA-DR antigens on the cell
surface, also suppresses c-myc expression insitu, and is a
possible non-immunological mechanism involved in the better
long-term survival of colorectal cancer patients. (Cancer Sci 2006;
97: 57-63)

H LA-DR antigen is required for tumor-associated antigen
recognition by CD4* T cells." HLA-DR antigen, scarcely
expressed on the normal colorectal epithelium,™ is expressed
on the colorectal epithelium of inflammatory bowel disease
and on cancer cells by interferon (IFN)-y with or without
tumor necrosis factor (TNF)-0..57 As reported previously,
the expression of HLA-DR antigen in cancer and normal
epithelium immediately adjacent to cancer is a useful marker
of IFN-y mRNA expression in the tissues.® In fact, strong
HLA-DR antigen expression on cancer cells closely relates to
a more favorable prognosis for colorectal cancer patients,®”
but the immunological and non-immunological mechanisms
are still obscure. So far, two possible mechanisms of tumor
cell elimination have been discussed in relation to HLA-DR
antigen expression on cancer cells. The first mechanism, one
of immunological action, is that of tumor growth inhibition
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by cytokines produced by CD4* T cells. CD4* T cells are
classified into two subgroups: Thl and Th2 cells. Thl cells
produce interleukin (IL)-2 and IFN-y whereas Th2 cells
produce IL-4, IL-5 and IL-10."" Tt is considered that HLA-
DR antigen expression on cancer cells stimulates CD4* Th1
cells and natural killer (NK) cells by presenting tumor-
associated antigens with IFN-y production, which then leads
to improved prognosis.

The second mechanism of tumor growth inhibition, one of
non-immunological activity, is due to the direct strong antitu-
mor action of IFN-y.!'Y Recently, IFN-y has been reported to
suppress c-myc gene expression via a statl-dependent path-
way.'>13 c-myc regulates the cell cycle, proliferation,
genomic instability and tumorigenesis. Regression of estab-
lished tumors due to inactivation of the c-myc transgene in
beta cells was associated with rapid proliferative arrest, dif-
ferentiation and apoptosis of tumor cells.""? In addition, rela-
tively low c-myc-expressing cells among high c-myc-expressing
cells led to cell death in a Drosophila model."> Thus, the
effect of IFN-y on c-myc expression in situ cannot be ignored
as it may reveal a mechanism of tumor suppression.

In the present study, the influence of IFN-y on c-myc
mRNA expression was investigated by examining its in situ
expression. c-myc expression was significantly lower when
IFN-y RNA expression was high in cancer tissues. In total, c-
myc suppression by IFN-y represents a possible non-immu-
nological mechanism that functions for the better prognosis
of strong HLA-DR antigen-expressing colorectal cancers.

Materials and methods

Patients and tissue samples

Fifty-one patients with pathologically proven adenocarcinoma
(all primary cases), hospitalized at the Department of
Frontier Surgery, Chiba University Hospital (Chiba, Japan)
between 1991 and 1994, were investigated in this study. The
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Table 1.

HLA-DR antigen expression and clinicopathological and biological characteristics of colorectal cancer patients

Total number

HLA-DR expression

Characteristic P-value
n % Negative Positive
Age (years)
<50 6 1.7 3 3 0.29
50<, <60 17 333 14 3 NS
60<, <70 14 27.5 10 4
>70 13 25.5 7 6
Sex
Male 33 64.7 22 11 0.68
Female 18 35.3 13 5 NS
Dukes stage
A 10 19.6 8 2
B 15 294 7 8 0.12
C 12 23.5 8 4 NS
D 14 27.5 12 2
Tumor site
Right colon 12 23.6 7 5 0.15
Left colon 22 43.1 12 5
Rectum 17 333 10 7 NS
Histology
Differentiated 47 92.2 33 14 0.40
Undifferentiated 4 7.8 2 2 NS
Tumor size
<6 cm 27 52.9 17 10 0.36
>6 cm 24 471 18 6 NS
Prognosis
Dead 27 52.9 22 5 0.036
Alive 24 471 13 11
IFN-y expression
Positive 25 49.0 15 10 cf.
Negative 26 51.0 20 6 0.19
Total 51 100 35 16

patients consisted of 33 men (64.7%) and 18 women (35.3%)
aged 61.2 £ 11.5 years (range 35-84 years). The cases were
classified according to Dukes classification: Dukes A, 10
cases; Dukes B, 15 cases; Dukes C, 12 cases; Dukes D, 14
cases. The majority of tumors (36/51, 70.6%) were located at
the sigmoid colon or rectum, and 92.2% (47/51) were well or
moderately differentiated adenocarcinoma. Average tumor
size was 5.7 £ 2.5 cm in diameter (Table 1). These proportions
were fairly similar to larger series reported in Japan.!'® No
patient had received blood transfusion, radiotherapy or
chemotherapy within 6 months of the start of this study.
Sets of samples containing cancer tissues and non-cancer
tissues 5—10 cm remote from the tumors were obtained from
each case for DNA or RNA extraction. Surgically excised samples
of cancer and non-cancer tissues were also embedded in
optimal cutting temperature compound (Tissue-Tek®, Sakura,
Tokyo, Japan), frozen in liquid nitrogen immediately after
excision, and stored at —80°C until used. Written informed
consent was obtained from each patient prior to surgery.

Immunohistochemical procedures for HLA-DR antigen
expression

Immunohistochemical procedures for HLA-DR antigen
expression detection were described previously. Briefly, air-
dried 4-um cryostat sections on slides were fixed in cold
acetone for 20 min and washed with phosphate-buffered
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saline (PBS) for 5 min. After pretreatment with normal rabbit
serum, the sections were incubated with mouse monoclonal
anti-HLA-DR antibody, HU-20, for 1 h. After washing with
PBS, the sections were incubated with biotinylated
antimouse immunoglobulin as secondary antibody. The
sections were then incubated with horseradish peroxidase-
conjugated  streptavidin—biotin complex for 30 min.
Peroxidase activity was visualized using DAB solution
(20 mg of 3,3’-diaminobenzidine, 65 mg of sodium azide,
and 10 mL of 30% H,0, in 100 mL of 0.05 M Tris buffer at
pH 7.6). Hematoxylin was used for nuclear counterstaining.
Cases with more than 10% of cancer cells strongly stained in
the membrane or cytoplasm with HU-20 specific for HLA-
DR antigen were regarded as positive.

IFN-y mRNA detection by RT-PCR following Southern blot
analysis

IFN-y mRNA detection was carried out as described
previously.® Total RNA was extracted from excised cancer
and non-cancer colorectal tissues using the guanidium/
cesium chloride procedure. DNase treatment was carried out
before reverse transcription. IFN-y mRNA was converted to
cDNA by reverse transcription and amplified with suitable
primers by reverse transcription—polymerase chain reaction
(RT-PCR). Consecutive Southern blot analysis was carried
out with a PCR-amplified IFN-y DNA fragment as probe
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DNA. Each experiment was performed at least twice to
confirm the results. To confirm the accuracy of PCR-
amplified bands in the agarose gel, each PCR product was
digested with restriction enzyme Dral (New England
BioLabs, Beverly, MA, USA) and hybridized with the PCR-
amplified IFN-y cDNA fragment.

c¢-myc mRNA detection by northern blot analysis

c-myc mRNA was detected as reported previously.'” Briefly,
10 1g of total RNA was electrophoresed on a 1% agarose gel
prepared in gel containing 2.2 M formaldehyde. The RNA was
transferred to a nitrocellulose membrane and cross-linked
(Stratalinker 1800; Stratagene, La Jolla, CA, USA).
Membranes were prehybridized and hybridized with a
random-priming **P-labeled probe of the human c-myc gene
(0.4-kb fragment containing part of exon 2). After the c-myc
signals were detected, the same filters were washed off and
rehybridized with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) for standardization of mRNA. The levels of
mRNA expression were measured by densitometric scanning,
and the relative expression levels were calculated as c-myc
mRNA divided by GAPDH mRNA. These were indicated as
T in cancer and N in non-cancer tissues.

RT-PCR for HLA-DR mRNA

Total RNA were extracted from tumor and non-tumor
epithelial tissues as described previously.® ¢cDNA was syn-
thesized from total RNA with the first strand cDNA Synthesis
Kit for RT-PCR (Roche, Mannheim, Germany). Using the
cDNA as a template, HLA-DRA or HLA-DRB1 cDNA was
amplified with suitable primer sets by RT-PCR. The HLA-DRA
primers were: forward, 5’-GGAGTCCCTGTGCTAGGATT-3";
reverse, 5'-CTCCTGTGGTGACAGGTTTT-3". The HLA-DRB1
primers were: forward, 5-GCGGTTCCTGGACAGATAC-3’;
reverse, 5’-GGCTGGGTCTTTGAAGGATA-3’. For a control,
GAPDH cDNA was amplified. The PCR product was loaded
on a 1.0% agarose gel (Promega, Madison, WI, USA).

Statistics

Comparisons between unpaired groups were made using the
Mann—Whitney U-test. Survival probabilities were calculated
using the product limit method of Kaplan and Meier.
Differences between groups were tested using the Wilcoxon
test. Fisher’s exact probability test was applied to determine
the significance between two groups. The influence of each
clinical and pathological variance on survival was assessed
by the Cox’s proportional hazards model with backward
stepwise procedure. All statistical analyses were carried out
using the SPSS program release 6.1.3 (SPSS, Chicago, IL,
USA), and all P-values that were two-sided at 0.05 were
considered to be statistically significant.

Results

HLA-DR antigen expression on cancer cells differed from
adjacent non-cancer epithelium

IFN-y activates transcription of class II transactivator (CIITA)
through the statl signaling pathway that induces HLA-DR
antigen expression on the cell surface."® In some cancer
cells, this IFN-y signaling pathway for HLA-DR antigen
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Fig. 1. Representative HLA-DR positive and negative expression in
colorectal cancer tissues. (A) Strong HLA-DR expression is seen in
both cancer (arrowheads) and immediately adjacent non-cancer
epithelium (arrows). (B) Hematoxylin and eosin staining
corresponding to part A. (C) HLA-DR expression is completely
suppressed in a cancer cluster (arrowheads), whereas strong HLA-DR
expression is observed on non-cancer epithelium (arrowheads). (D)
Hematoxylin and eosin stain corresponding to part C.

induction is disturbed due to epigenetic inactivation,
methylation or histone deacetylation in the promoter region
of the CIITA gene."” The actual decreased expression of
HLA-DR antigen expression on cancer cells is shown in
Fig. 1C (arrowheads), but the immediately adjacent non-
cancer epithelium strongly expressed HLA-DR antigen in
each case (Fig. 1, arrows). This result supports the notion that
the HLA-DR antigen expression mechanism on cancer cells
is impaired or is different from that on the non-cancer
epithelium immediately adjacent to cancer cells.

Strong HLA-DR antigen expression on cancer cells, but not
on adjacent non-cancer cells, is related to better long-
term survival of colorectal cancer patients

Recent studies have revealed that HLA-DR antigen-
transfected cancer cells or epithelial cells acquire an antigen-
presenting function that is removed by the immune
response.?” Interestingly, HLA-DR antigen expression on
cancer cells (Fig. 2A), but not on the non-cancer epithelium
immediately adjacent to cancer cells (Fig.2B), is
significantly related to a better prognosis for colorectal
cancer patients. This result shows that, although HLA-DR
antigen expression on adjacent non-cancer epithelium reflects
the IFN-y expression in situ, the decreased expression of
HLA-DR antigen on cancer cells is more significant for
tumor progression in terms of the immune response.

HLA-DR antigen expression on cancer cells is a significant
indicator for the prognosis of Dukes C and D patients
(with lymph node or organ metastasis)

We then examined the association between HLA-DR antigen
expression on cancer cells and patient prognosis in relation to
the clinical stages of cancer progression. Strong HLA-DR
expression on cancer cells was related to better prognosis in
both Dukes A and B (without lymph node or organ
metastasis) and C and D stages (with lymph node or organ

Cancer Sci | January 2006 | vol.97 | no.1 | 59
© 2006 Japanese Cancer Association



A %

100 *P = 0.034, logrank test

80 DR positive: 16 cases
% I L1 1 1 1 IN|
= 60
[ ]
2
2 40
a ]

20 - DR negative: 35 cases

T T T T T T T T 1
0 1000 2000 3000 4000 days
Survival period

B %

100

80 - P =0.290, logrank test
‘g 60 ] DR positive: 24 cases
a | L1l 11 11 11
2
S 40
A ]

DR negative: 26 cases
20
T T T T T T T T 1

0 1000 2000 3000

Survival periold

4000 days

Fig. 2. HLA-DR antigen expression on cancer cells, but not on non-
cancer epithelium, is significant for a better prognosis of colorectal
cancer patients. (A) More than 10-year survival rate of patients with
HLA-DR-positive cancer cells (16 cases; 67% survival) is significantly
better than that of patients with HLA-DR-negative cancer cells (35
cases; 34% survival) (P =0.034, log-rank test). Survival probabilities
were calculated by the product limit method of Kaplan and Meier.
(B) There was no significant difference when prognoses were
compared between HLA-DR antigen expression on adjacent non-
cancer epithelium.

metastasis). In Dukes A and B stages, there was no
significant difference of survival rate between the HLA-DR-
positive and HLA-DR-negative groups, whereas in Dukes C
and D stages, strong HLA-DR expression on cancer cells was
significantly related to a better prognosis of up to 2200 days
compared to the prognosis of patients with weak HLA-DR
expression (Fig. 3B).
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Fig. 3. Strong HLA-DR expression in cancer cells is associated with

better prognosis in both (A) Dukes A and B, and (B) C and D
classifications. A combination of Dukes stages and HLA-DR antigen
expression on cancer cells is more predictive than Dukes stages
alone in Dukes C and D stages.

Univariate and multivariate analysis with Cox's proportional
hazards model.

To evaluate the significance of HLA-DR antigen expression
for patient prognosis, univariate and multivariate analyses
with the backward stepwise Cox’s proportional hazards
model were carried out (Table 2). Factors examined were sex
(male vs female), age (<60 years vs 260 years), Dukes stages
(Dukes A and B vs C and D), HLA-DR antigen expression of
cancer cells (<10% vs 210%), histologic type (differentiated
vs undifferentiated), tumor site (colon vs rectum), and tumor
size (<6cm vs 26cm). Multivariate analysis with the
backward stepwise procedure revealed that HLA-DR antigen

Table 2. Univariate and multivariate analysis of prognostic factors of colorectal cancer patients

Parameter P-value Hazard ratio 95% confidence interval
Univariate
Gender (male vs female) 0.21
Age (<60 years vs >60 years) 0.27
Stage (Dukes A, B vs C, D) 0.00
HLA-DR antigen (negative vs positive) 0.03
Histology (differentiated vs undifferentiated) 0.46
Site (colon vs rectum) 0.37
Size (<6 cm vs =6 cm) 0.53
Multivariate
Stage (Dukes A and B vs C and D) 0.03 3.62 1.56-8.39
HLA-DR antigen (negative vs positive) 0.1 0.45 0.17-1.19
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expression on cancer cells and Dukes stages were only
independent prognostic factors for the colorectal cancer
patients examined.

c-myc mRNA expression was significantly suppressed
when high IFN-y expression was observed in cancer
tissues

Table 1 shows no significant difference in clinicopathological
and biological characteristics between negative and positive
groups of HLA-DR expression in cancer cells. The
percentage of cancer cells expressing HLA-DR antigen
gradually decreased along with tumor development; for
Dukes A and B it was 60.0% (15/25 cases) whereas Dukes C
and D dropped to 23.1% (6/26 cases). Instead of futile
attempts to induce HLA-DR antigen on advanced cancer
cells, clarifying the possible role of IFN-vy in this induction
might offer some advantages. Recent studies have revealed
that IFN-y suppresses c-myc expression in a statl-dependent
manner.'2!® Of particular interest was the fact that c-myc
mRNA expression was significantly less activated in cancer
tissues where IFN-y was highly expressed (Fig. 4A—C). The
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Fig. 4. Cancer tissues and non-cancer tissues are described as (T)
and (N), respectively. c-myc expression in the cancer tissues (T) is
significantly suppressed where interferon (IFN)-y mRNA is detected.
(A) c-myc mRNA expression was less activated when IFN-y was
strongly positive in the tissues. (B) c-myc mRNA expression was more
activated when IFN-y was negatively expressed in the tissues. (C)
Intensity of the bands was quantified by NIH image. c-myc mRNA
expression/glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA in IFN-y-positive cancer tissues (n=14, 2.8+3.2) was
significantly lower (P-value =0.02) than that of IFN-y-negative
cancer tissues (n = 15, 5.8 £ 4.4). (D) The polymerase chain reaction
(PCR) band of IFN-y was digested with a suitable restriction enzyme
(Dral) to confirm the accuracy of the PCR product.
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PCR band of IFN-y was digested with suitable restriction
enzyme as expected size (Fig. 4D). These results indicate that
IFN-y in cancer tissues has an accompanying function of
suppressing c-myc expression in situ, besides inducing HLA-
DR antigen on the cancer cell surface. Although further
studies will be necessary, c-myc gene suppression by IFN-y
in situ as a non-immunological action also needs to be taken
into account when considering the mechanism of why strong
HLA-DR antigen expression on cancer cells is related to a
more favorable prognosis in colorectal cancer patients.

HLA-DR antigen mRNA expression was activated in the
tumor tissues where IFN-ywas apparently detected in the
tissues

Para-cortical T cells (Fig. 5; T-zone of panels 1 and 2 with
arrow) express strong HLA-DR expression, as do infiltrating
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H.E. stain
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Fig. 5. (A) Representative HLA-DR antigen expression on cancer (Ca)
and normal epithelium immediately adjacent to the cancer (AN) of
three different patients. Panels 1 and 2, 3 and 4, 5 and 6 indicate
the same fields of HLA-DR antigen expression and hematoxylin and
eosin staining, respectively. Para-cortical T cells (T-zone; panels 1
and 2) show strong HLA-DR expression as well as infiltrating T cells.
Panel 5 shows heterogenous expression of HLA-DR antigen on cancer
cells. This immunohistochemical examination suggests that HLA-DR
antigen is expressed in both cancer cells and T cells, at least in some
colorectal cancer patients. (B) Both HLA-DRA and HLA-DRB1 mRNA
expression were detected by reverse transcription—polymerase chain
reaction in tumor tissues (T) and non-tumor tissues (N). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) mRNA was used as an
internal control. HLA-DRA mRNA expression in T was apparently
activated in cases. IFN-y mRNA was highly expressed in T (upper
panel: cases 22, 32, 54 and 73), whereas it was relatively less
activated in cases where IFN-y was negative in T (lower panel). In
addition, HLA-DRB1 expression in T was less activated than in N in
cases where IFN-y was negative in T (lower panel: cases 29, 58, 51
and 43), whereas expression levels were the same as in normal
tissues in IFN-y-positive cases (upper panel). Note that SW48 (human
colorectal cancer cell line) and HeLa (human cervical squamous cancer
cell line) express low levels of HLA-DRA and HLA-DRB1 mRNA,
whereas peripheral blood monocytes express both HLA-DRA and
HLA-DRB1 mRNA. Case numbers are the same as those shown in Fig. 4.
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T cells. Panel 5 (Fig. 5A) shows heterogenous expression of
HLA-DR antigen on cancer cells. These results suggest that
HLA-DR antigen is expressed in both cancer cells and T
cells, at least in some patients. HLA-DR antigen mRNA
expression was examined by RT-PCR targeting HLA-DRA
(o-chain) and HLA-DRB1 (B-chain). HLA-DR antigen
mRNA was activated in the tumor tissues where IFN-y was
detected highly. Both HLA-DRA and HLA-DRB1 mRNA
expression of IFN-y-positive tumor tissues (Fig. 5B) were
more activated than those of IFN-y-negative tumor tissues
(Fig. 5B). Case 73 was IFN-y-positive in tumor tissues,
whereas cases 58 and 60 were IFN-y-negative (Fig. 5B and
data not shown).

Discussion

Recent studies have pointed out the relationship between
HLA-DR antigen expression on cancer cells and prognosis,
but the precise mechanism remains to be elucidated.®?2!?? In
the present study, multivariate analysis revealed that strong
HLA-DR antigen expression on cancer cells, but not on
adjacent non-cancer cells, is an independent factor for better
prognosis of colorectal cancer patients, to much the same
extent as Dukes stages.

Several studies have so far focused mainly on the immuno-
logical aspects of how HLA-DR antigen expression on can-
cer cells relates to better prognosis of colorectal cancer
patients. Although there was no significant relationship
between HLA-DR antigen expression on cancer cells alone
and IFN-y mRNA expression in situ (Table 1 [cf.], P =0.19,
x>-test), IFN-y mRNA expression was higher in situ where
HLA-DR antigen was expressed strongly on both cancer
cells and adjacent non-cancer epithelium.® Thus, the strong
HLA-DR antigen expression on cancer cells together with
the adjacent non-cancer epithelium more closely associates
with the activation of IFN-y in situ. HLA-DR antigen expres-
sion on cancer cells activates CD4* Th1 cells and NK cells by
presenting tumor-associated antigens, resulting in the produc-
tion of antitumor cytokines such as IFN-y.1%? Nonetheless,
the number of tumor-infiltrating lymphocytes and prognosis
are not necessarily correlated in colorectal cancer.**** In
addition, the mechanism of HLA-DR antigen induction by
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