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1 | INTRODUCTION

With the recent advent of immunotherapy, which attempts to block

the immune evasion process of tumor cells, clinical outcome of

Abstract

Downregulation of human leukocyte antigen (HLA) class | has been postulated to
be a mechanism of adaptive immune escape in various tumors, especially micros-
atellite instability-high (MSI-H) colorectal cancer (CRC). In this study, we aimed to
investigate HLA class | and p2-microglobulin (2M) expression in MSI-H and micros-
atellite-stable (MSS) CRCs and determine its prognostic impact. The representative
areas from the tumor center (TC) and tumor periphery (TP) from 300 CRCs, includ-
ing 161 MSI-H and 139 MSS cases, were selected to construct a tissue microarray.
Immunohistochemistry (IHC) for HLA A/B/C, p2M, CD3, and CD8 was performed.
Reduced HLA A/B/C expression was detected in 113 (70.2%) MSI-H and 54 (38.8%)
MSS cases, while reduced p2M expression was observed in 69 (42.9%) MSI-H and 17
(12.2%) MSS cases. Although reduced f2M expression was associated with higher
pathological tumor (pT) stage in MSI-H CRC with borderline significance, no associa-
tion was found between HLA A/B/C and 2M expression and survival. Interestingly,
reduced HLA A/B/C expression in MSS was associated with higher stage, and re-
duced HLA A/B/C and 2M expression was an independent prognostic factor in
multivariate analysis. In conclusion, reduced HLA A/B/C and p2M expression was
frequently observed in immunotherapy-naive MSI-H CRC, suggesting the possibility
of primary resistance to immune checkpoint inhibitor. Interestingly, downregulation
of HLA A/B/C and p2M was associated with poor prognosis in MSS cancers. Overall,
IHC for HLA A/B/C and p2M might be a feasible predictive or prognostic tool in CRC.
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various advanced cancers has improved substantially.’® Although
durable response is known to be a major advantage of immune
checkpoint inhibitors, only a minority of patients benefit from
the treatment.*® To avoid unnecessary side effects and financial
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burden, selection of proper patient groups is required. Microsatellite
instability (MSI), tumor mutation burden, and expression of PD-L1
in tumor and tumor-infiltrating immune cells have been suggested
as predictive biomarkers.” Nevertheless, further validation and ad-
justment are needed for application. As the current immune check-
point inhibitors mainly target the PD-1/PD-L1 axis, immune evasion
through alteration of human leukocyte antigen (HLA) class | activity
could be a possible explanation for the aforementioned limited re-
sponse to treatment.

Human leukocyte antigen class | molecules form complexes with
B2-microglobulin (p2M) at the cell surface and present tumor-de-
rived neoantigens to cytotoxic T cells (CTLs), thereby contributing
to a critical step in the cell-mediated antitumor immune response.8
Accordingly, downregulation of this HLA class |-associated anti-
gen-presenting process has been known as one of the important
mechanisms via which tumor cells escape the immune response in

various malignant tumors, including melanoma,’

non-small cell lung
cancer,’® and breast cancer.!! In colorectal cancer (CRC), tumors
with MSI-high (MSI-H) phenotype are associated with increased
mutational burden and significant tumor-infiltrating immune cells,
thereby eliciting prominent immune response.'? Some researchers
have suggested the downregulation of HLA class | as one of the im-
mune evasion mechanism in MSI-H CRC 1314 However, the extent of
HLA class | downregulation in MSI-H and microsatellite-stable (MSS)
CRC has not been investigated comprehensively.

A number of series have demonstrated that downregulation of
HLA class | is associated with poor survival in diverse cancers, in-

5 16 esophageal

cluding pancreatic cancer,> non-small cell lung cancer,
cancer,” and gastric cancer.'® However, in CRC, few studies have
documented the prognostic impact of HLA class |, with contrasting
results.}”% Generally, loss of HLA class | expression or mutation in
B2M, which is one of the well-known mechanisms leading to the loss
of HLA class |, has been reported to be an indicator of good prog-
nosis.!”?! However, other studies have reported that downregula-
tion of HLA class | was associated with poor outcome.?>?% These
previous studies were performed in mixed patient groups containing
different proportion of MSI-H and MSS CRC. Furthermore, investi-
gation was usually performed for either HLA class | or p2M expres-
sion, and hence comprehensive analysis in both MSI-H and MSS
groups is required.

Therefore, in the present study, we aimed to investigate the ex-
pression of both HLA class | and p2M, and analyze their clinicopath-
ological significance separately in MSI-H and MSS CRC. We expect
that our results will contribute to better understanding the potential
role of HLA class | and p2M in CRC.

2 | MATERIALS AND METHODS
2.1 | Patients and specimens

Formalin-fixed paraffin-embedded (FFPE) surgically resected tissue

specimens of CRC were obtained from 490 patients who were treated

at Seoul National University Bundang Hospital from 2003 to 2012.
The training set was composed of a total of 300 cases, including 161
MSI-H tumors and 139 MSS tumors. An independent internal valida-
tion set was composed of 190 cases of MSS CRCs. Clinicopathological
information, including sex, age, and stage was retrieved from the
electronic medical records and pathology reports. Pathological stag-
ing was based on the eighth edition of the Cancer Staging Manual
of the American Joint Committee on Cancer. The study protocol
was approved by the Institutional Review Board of Seoul National
University Bundang Hospital (B-1511/322-306). The requirement for

obtaining informed consent from patients was waived.

2.2 | Construction of tissue microarray

Hematoxylin and eosin (H and E)-stained slides were reviewed for
confirming the original diagnosis and for selecting the most repre-
sentative area. In the training set, the most representative tumor
areas at the tumor center (TC) and tumor periphery (TP) were
marked and a tissue microarray (TMA) was constructed as previously
described using 2-mm-diameter cores derived from the FFPE tissue
blocks.?* In the validation set, the most representative tumor areas

at TC were chosen to construct a TMA.?*

2.3 | Microsatellite instability analysis

Microsatellite instability status was investigated by the fragmenta-
tion assay analysis, using a DNA autosequencer (ABI 3730 Genetic
Analyzer, Applied Biosystems). Allele profiles of five markers (BAT-
26, BAT-25, D55346, D175250, and D2S123) in tumor cells were
compared with those of matched normal cells. The results were in-

terpreted according to the Revised Bethesda Guidelines.?*

2.4 | Immunohistochemistry (IHC) analysis

In the training set, TMAs were sectioned at a thickness of 4 pm and
stained using specific antibodies to HLAA/B/C (EMR8-5, 1:200, Abcam),
B2M (B2M/961, 1:200, Abcam), CD3 (1:100; Dako), and CD8 (1:100;
Dako). In the validation set, TMAs were stained using antibodies to HLA
A/B/C (EMR8-5, 1:200, Abcam) and $2M (B2M/961, 1:200, Abcam) to
confirm the prognostic significance of these proteins. Immunostaining
was performed using the Ventana BenchMark XT staining system. For
HLA A/B/C and p2M, both intensity and proportion (%) of tumor cell
membrane were evaluated. The intensity of expression was classified
into three categories: 0, negative; 1+, weakly positive; 2+, strongly
positive. Weakly positive (1+) was defined as tumor cell membrane that
stained weaker than lymphocytes or endothelial cells. Tumor cell mem-
branes that showed staining equivalent or stronger than the internal
control was considered as strongly positive (2+). For statistical analysis,
retained expression was defined when 50% or more tumor cells showed

strong positivity. Reduced expression was determined when <50% of
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the tumor cells were strongly positive, or 250% of the tumor cells were
weakly positive.?>?% The expression status was determined in TC and TP
of each case. Finally, reduced expression in both TC and TP was defined
as reduced expression. The open-source software QuPath was utilized
(https:/qupath.github.io/) for the quantification of CD3-positive and
CD8-positive lymphocytes.?” The density of lymphocytes was calcu-
lated as the number of cells in a given area (mm?), and the mean density
of TC and TP was used for statistical analysis.

2.5 | Statistical analysis

The chi-square test or Fisher exact test was used to assess the sig-
nificance of the association of HLA A/B/C and 2M expression with
clinicopathological parameters. Differences in the expression of HLA
A/B/C and p2M and in TC and TP were analyzed using McNemar's
test. Survival rates were calculated using the Kaplan-Meier method,
and statistical significance was assessed using the log-rank test. The
Cox proportional hazard regression model was used for multivariate
analysis to determine the risk ratio and independent significance of
individual factors for prognosis. All statistical tests were two-sided,
and P-values < 0.05 were considered statistically significant. All sta-
tistical analyses were performed using the Statistical Package for the

Social Sciences ver. 22 (IBM Corp.).

3 | RESULTS
3.1 | Clinicopathological characteristics

The clinicopathological features and results of IHC of the training set
are summarized in Table 1. The median age of the patients was 64 years
(range, 18-90 years). The patients included 148 (49.7%) male and 151
(50.3%) female patients. In total, 168 (56%) and 132 (44%) patients
were diagnosed as stage | and Il, and stage Il and IV, respectively. One
(0.3%) patient received neoadjuvant and 192 (64.0%) patients received
adjuvant chemotherapy, while four (1.3%) patients underwent both
neoadjuvant and adjuvant chemotherapy. A total of 103 (34.3%) pa-
tients did not receive chemotherapy. The clinicopathological features

of the validation set are summarized in Table S1.

3.2 | HLA A/B/C and p2M expression and
clinicopathologic characteristics according to the
MSiI status

Compared with MSS CRCs, MSI-H CRCs were associated with younger
age (P = .003) and right-sided disease (P < .001). Pathologically, poorly
differentiated histology (P < .001) and mucin production (P < .001)
were more common in MSI-H tumors than in MSS tumors. Lymphatic
(P < .001), perineural (P < .001) and venous invasion (P = .001), and
higher stage (P < .001) were associated with the MSS phenotype
(Table 1).
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In MSI-H CRC, reduced HLA A/B/C expression was observed in
113 (70.2%) cases, and reduced B2M expression was found in 69
(42.9%) cases, which was significantly more common than in MSS
CRC (both P < .05) (Figure 1). MSI-H CRCs showed significantly
higher CD3-positive and CD8-positive lymphocyte density than
MSS CRCs (both P < .05) (Table 1).

3.3 | Correlation of HLA A/B/C and p2M expression
with clinicopathological features

In MSI-H tumors, reduced HLA A/B/C was associated with the ab-
sence of mucin (P =.011). Reduced p2M expression was associated
with higher pathological tumor (pT) stage with borderline significance
(P=.051) (Table S2). In MSS tumors, reduced HLA A/B/C was associ-
ated with poorly differentiated histology (P = .008), higher patho-
logical node (pN) stage (P =.019), and higher stage (P =.01). Reduced
f2M was associated with left-sided location (P = .03). (Table 2). In
both MSI-H and MSS CRCs, retained HLA A/B/C and 2M expres-
sion correlated with higher CD3-positive and CD8-positive lym-
phocyte density (all P < .05) (Figure 2). In the MSS validation set,
both reduced HLA A/B/C and p2M expression were associated with
higher pT and pM stage (all P < .05) (Table S1).

3.4 | Survival analysis

Kaplan-Meier analysis revealed that reduced HLA A/B/C and p2M
was associated with significantly inferior overall survival (OS)
(P =.005 and P =.015) and disease-free survival (DFS) (P =.028 and
P = .005) (Figure 3) in MSS tumors. The expression of HLA A/B/C
and p2M did not show statistically significant association with OS
or DFS in MSI-H cancers (Table S3). In multivariate analysis, reduced
HLA A/B/C and p2M expression remained independent prognostic
factors for shorter OS and DFS in MSS tumors (all P < .05) (Table 3).
In contrast, lymphatic invasion, perineural invasion, and pathologi-
cal metastasis (pM) stage, but not HLA A/B/C and p2M expression,
were independent prognostic factors in MSI-H CRC (Table S3). These
results were confirmed by the MSS validation set, which revealed
that reduced HLA A/B/C and p2M expression was associated with
inferior OS in Kaplan-Meier survival analysis (P = .04 and P = .018)
(Figure 4). However, poorly differentiated histology, venous inva-
sion, and pM stage, but not reduced HLA A/B/C and p2M expres-
sion, were independent prognostic factors in multivariate analysis
(all P < .05) (Table S4).

4 | DISCUSSION

In this study, we thoroughly evaluated the expression of HLA A/B/C
and p2M in immunotherapy-naive CRCs. Reduced HLA A/B/C and
B2M expression was more often observed in MSI-H CRCs than in
MSS CRCs. Of note, reduced HLA A/B/C and f2M was associated
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TABLE 1 Clinicopathologic characteristics according to microsatellite instability (MSI) status

Characteristics MSI-H MSS P-value Total
Age (yr)

Median (range) 61 (18-88) 66 (30-90) 003" 64 (18-90)
Sex

Male 73 (45.3%) 76 (54.7%) 107 149 (49.7%)

Female 88 (54.7%) 63 (45.3%) 151 (50.3%)
Location

Right 135 (83.9%) 49 (35.3%) <.001" 184 (61.3%)

Left 26 (16.1%) 90 (64.7%) 116 (38.7%)
Differentiation

WD + MD 122 (75.8%) 134 (96.4%) <.001" 256 (85.3%)

PD 39 (24.2%) 5(3.6%) 44 (14.7%)
Mucin

Absent 100 (62.1%) 130 (93.5%) <.001" 230 (76.7%)

Present 61 (37.9%) 9 (6.5%) 70 (23.3%)
Lymphatic invasion

Absent 105 (65.2%) 60 (43.2%) <.001" 165 (55.0%)

Present 56 (34.8%) 79 (56.8%) 135 (45.0%)
Perineural invasion

Absent 145 (90.1%) 93(66.9%) <.001" 238 (79.3%)

Present 16 (9.9%) 46 (33.1%) 62 (20.7%)
Venous invasion

Absent 153 (95%) 116 (83.5%) 001 269 (89.7%)

Present 8 (5%) 23 (16.5%) 31 (10.3%)
pT stage

1+2 27 (16.8%) 20 (14.4%) 571 47 (15.7%)

3+4 134 (83.2%) 119 (85.6%) 253 (84.3%)
pN stage

0 111 (68.9%) 61 (43.9%) <.001 172 (57.3%)

1+2 50 (31.1%) 78 (56.1%) 128 (42.7%)
pM stage

0 153 (95%) 121 (87.1%) 018’ 274 (91.3%)

1 8 (5%) 18 (12.9%) 26 (8.7%)
Stage

I+l 108 (67.1%) 60 (43.2%) <.001 168 (56%)

I+ 1v 55 (34.2%) 79 (56.8%) 132 (44%)
Chemotherapy

None 65 (40.4%) 38(27.3%) 049 103 (34.3%)

Neoadjuvant 1(0.6%) 0 (0.0%) 1(0.3%)

Adjuvant 92(57.1%) 100 (71.9%) 192 (64.0%)

Both 3(1.9%) 1(0.7%) 4(1.3%)
HLA A/B/C

Reduced 113 (70.2%) 54 (38.8%) <.001" 167 (55.7%)

Retained 48 (29.8%) 85 (61.2%) 133 (44.3%)
p2M

(Continues)
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TABLE 1 (Continued)
Characteristics MSI-H MSS P-value  Total
Reduced 69 (42.9%) 17 (12.2%) <.001 86 (28.7%)
Retained 92 (57.1%) 122 (87.8%) 214 (71.3%)
CD3+ lymphocytes (n/mm?)
Median (range) 582.3(34.2-2942.1) 493.7 (26.5-1633.4) 001" 512.9 (26.5-2942.1)
CD8+ lymphocytes (n/mm?)
Median (range) 313.9 (21.0-2495.5) 213.8 (10.5-769.5) <.001 250.1 (10.5-2495.5)
Total 161 139 300

Abbreviations: MD, moderately differentiated; MSI-H, microsatellite instability-high; MSS, microsatellite stable; PD, poorly differentiated; pT,
pathological tumor; pN, pathological node; pM, pathological metastasis; WD, well differentiated.

*Statistically significant.

with inferior survival in the MSS group (all P < .05), but not in
the MSI-H group, which was also confirmed in the validation set.
Multivariate analysis in MSS CRC revealed reduced HLA A/B/C and
B2M expression as independent prognostic factors.

Reduced HLA class | expression in MSI-H CRCs was previously
reported in 23%-80%, whereas it accounted for 23%-25% of MSS
tumors.?28:2% pyplished data regarding p2M expression are limited,
and the frequency of p2M downregulation in MSI-H CRC was re-
ported as 80% in one study.?® The prevalence of B2M mutations in
MSI-H CRC was reported to be 7.5% to 33.9%, while that of MSS
tumors was considerably low (<19%).14:20.80-36 Considering that ap-
proximately 70% of p2M-mutated MSI-H CRC showed complete loss
of expression in IHC according to the study done by Middha et al,*°
the frequency of HLA A/B/C and p2M downregulation detected in
the current study is presumed to be higher in both MSI-H (70.2% and
42.9%) and MSS (38.8% and 12.2%) cases than in previous studies.
There are several possible explanations for this discrepancy. First,
different types of antibodies with different cut-off values were

FIGURE 1 Representative examples
of human leukocyte antigen (HLA) A/B/C
and B2-microglobulin (B2M) expression.
A-D, Tumor cells show reduced (A) and
retained (B) HLA A/B/C expression,

and reduced (C) and retained (D) p2M
expression

applied. Second, MSI status was variably determined by either IHC
or fragment analysis among studies. Finally, post-translational or epi-
genetic alteration can play a role in the downregulation.

The present study revealed that MSI-H CRCs showed higher
CD3-positive and CD8-positive lymphocyte density and more
frequent reduced HLA A/B/C and B2M expression compared
with MSS tumors. MSI which is caused by epigenetic silencing or
mutation of DNA mismatch repair genes leads to accumulation of
mutations in genes enriched with microsatellite regions.?” These
mutations are known to create tumor neoantigens, which can
be presented to CTLs by MHC class | molecules and elicit brisk
antitumor immune response.®® Recently, downregulation of HLA
class | molecules, including p2M, has been suggested as one of
possible mechanisms of immune evasion in these immunogenic
tumors.*131* The presence of f2M mutation has been reported

32-36,39

in both immunotherapy-naive and immunotherapy-resis-

tant MSI-H CRCs,* suggesting that it can cause both intrinsic and

acquired resistance. Our results are in line with these previous
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TABLE 2 Humanleukocyteantigen(HLA) A/B/C and p2M expression and clinicopathologic characteristics in microsatellite-stable (MSS)

tumors
HLA A/B/C p2M

Characteristics Reduced Retained P-value Reduced Retained P-value

Sex
Male 32 (23%) 44 (31.7%) 0.387 11 (7.9%) 65 (46.8%) .375
Female 22 (15.8%) 41 (29.5%) 6(4.3%) 57 (41%)

Location
Right 21 (15.1%) 28 (20.1%) 0.474 10 (7.2%) 39 (28.1%) .030°
Left 33(23.7%) 57 (41%) 7 (5%) 83 (59.7%)

Differentiation
WD + MD 49 (35.3%) 85 (61.2%) 0.008" 15 (10.8%) 119 (85.6%) 113
PD 5(3.6%) 0 (0%) 2 (1.4%) 3(2.2%)

Mucin

Absent 51 (36.7%) 79 (56.8%) >0.999 14 (10.1%) 116 (83.5%) .081
Present 3(2.2%) 6 (4.3%) 3(2.2%) 6 (4.3%)

Lymphatic invasion
Absent 19 (13.7%) 41 (29.5%) 0.13 6 (4.3%) 54 (38.8%) 484
Present 35(25.2%) 44 (31.7%) 11 (7.9%) 68 (48.9%)

Perineural invasion
Absent 32 (23%) 61 (43.9%) 0.127 10 (7.2%) 83 (59.7%) 450
Present 22 (15.8%) 24 (17.3%) 7 (5%) 39 (28.1%)

Venous invasion
Absent 42 (30.2%) 74 (53.2%) 0.151 14 (10.1%) 102 (73.4%) >.999
Present 12 (8.6%) 11 (7.9%) 3(2.2%) 20 (14.4%)

pT stage
1+2 7 (5%) 13 (9.4%) 0.703 3(2.2%) 17 (12.2%) 713
3+4 47 (33.8%) 72 (51.8%) 14 (10.1%) 105 (75.5%)

pN stage
0 17 (12.2%) 44 (31.7%) 0.019° 5(3.6%) 56 (40.3%) 199
1+2 37 (26.6%) 41 (29.5%) 12 (8.6%) 66 (47.5%)

pM stage
0 44 (31.7%) 77 (55.4%) 0.119 15 (10.8%) 106 (76.3%) >.999
1 10 (7.2%) 8(5.8%) 2 (1.4%) 16 (11.5%)

Stage
1+2 16 (11.5%) 44 (31.7%) 0.010° 5(3.6%) 55 (39.6%) 222
3+4 38(27.3%) 41 (29.5%) 12 (8.6%) 67 (48.2%)
CD3+ lymphocytes 357.1(26.5-1349.1) 573.4 (136.3-1633.4) <0.001" 180.1 (26.5-900.3) 512.9 036

(n/mm?) (42.4-1633.4)

(median, range)
CD8+lymphocytes 120.3 (10.6-739.7) 258.6 (58.6-769.5) 0.001 74.4 (10.5-405.4) 233.9 (19.1-769.5) 050

(n/mm?)
(median, range)

Abbreviations: MD, moderately differentiated; PD, poorly differentiated; pT, pathological tumor; pN, pathological node; pM, pathological metastasis.

*Statistically significant.

studies, suggesting immune evasion through altered HLA class
| molecules might take place in a considerable proportion of
MSI-H CRCs even before immunotherapy. To date, it is unclear

whether downregulated HLA class | in preexisting subclone leads

to treatment failure or new clones appear secondary to immuno-
therapy exposure.*® There are limited data regarding immuno-
therapy response in f2M mutated immunotherapy-naive MSI-H

CRCs; however, loss of p2M was more common in immunotherapy
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TABLE 3 Univariate and multivariate Cox regression analysis in microsatellite-stable (MSS) colorectal cancer patients

DFS 0s

Univariate Multivariate Univariate Multivariate
Clinicopathologic variables P-value P-value HR (95% Cl) P-value P-value HR (95% Cl)
HLA A/B/C 028’ 007" 0.464 (0.265-0.813) 032 0.518 (0.283-0.946)
Differentiation <.001 NS - <.001 NS -
Lymphatic invasion 01 NS - 005 NS -
Perineural invasion 001 007" 2.169 (1.233-3.816) 004 019 2.020 (1.124-3.631)
Venous invasion 001" NS - <.001" NS -
pT stage 046 NS — .068 — —
pN stage 001’ .002° 2.606 (1.409-4.821) 001" 027" 2.110 (1.089-4.088)
pM stage <.001" <001 4.011(2.042-7.878) <.001" <001 5.443(2.754-10.759)
B2M 001" <001 0.252(0.130-0.491) 001" <001"  0.285(0.143-0.568)
Differentiation <.001 033" 3.510 (1.105-11.148) <.001" .030° 3.607 (1.135-11.460)
Lymphatic invasion 01 NS - .005 NS -
Perineural invasion 001" 004" 2.323(1.310-4.117) 004" 025" 1.958 (1.088-3.521)
Venous invasion 001" NS - <.001" NS -
pT stage 046 NS - .068 - -
pN stage 001" 006’ 2.429 (1.294-4.560) 001’ 024 2.109 (1.102-4.035)
pM stage <.001° <001"  4.607 (2.358-9.003) <.001" <001  5.080(2.573-10.031)

Abbreviations: Cl, confidence interval; DFS, disease-free survival; HLA, human leukocyte antigen; HR, hazard ratio; NS, not significant; OS, overall
survival; pT, pathological tumor; pN, pathological node; pM, pathological metastasis.

*Statistically significant.
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FIGURE 4 Kaplan-Meier survival analyses in the microsatellite-stable (MSS) validation set. Reduced human leukocyte antigen (HLA)
A/B/C (A) and p2-microglobulin (32M) (B) was associated with poor overall survival (OS) (all P < .05)

nonresponder melanoma patients.®* Although further investiga- Although there was no association between HLA A/B/C and
tion including treatment response is required, p2M IHC could be a B2M expression and survival in MSI-H CRCs, reduced p2M was as-
feasible tool for selecting the correct patient subgroup in MSI-H sociated with higher pT stage with borderline significance (Table S2).
CRC. Similarly, Viktor et al*! have demonstrated that HLA class | loss was
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frequently associated with higher tumor budding at the invasive
front, suggesting that the tumor cells might acquire invasive abil-
ity via immune evasion. Considering that high mutation burden of
MSI-H CRC triggers massive immune cell reaction, complex immune
context, including NK cells and possibly the PD-1/PD-L1 axis, might
be the reason why we did not observe any prognostic significance
in this group.

The prognostic impact of HLA class | downregulation differs
highly among different tumors. Intact HLA class | expression has been
reported to be associated with better survival in melanoma, non-
small cell lung cancer, pancreatic cancer, and esophageal squamous
cell carcinoma.r>’ Conversely, retained HLA class | was described
as an independent prognostic factor for poor outcome in gastric can-
cer.®® In CRC, retained HLA class | expression or f2M mutation has
generally been reported to be associated with poor prognosis.?%2%23
However, Speetjens et al?? have reported that loss of HLA class | was
associated with inferior survival in rectal cancer. These contradicting
results might be partially due to the inhibitory role of HLA-B/C on
natural killer (NK) cells, which, when downregulated, renders tumor
cells more vulnerable to the cytotoxicity of NK cells.*>*3 However,
more importantly, there appears to be a selection bias. As reduced
HLA class | is more frequently observed in MSI-H CRCs than in MSS
CRCs, and MSI-H cases are associated with better clinical outcome,
different proportions of MSI-H CRC among the studies might have
resulted in these contrasting observations. In rectal cancer cases
mostly composed of the MSS type, loss of HLA class | was associated
with poor survival,?? while contrasting results were reported in other
studies that included higher proportion of MSI-H CRCs.?! Similar to
the results from the rectal cancer cohort,?> we demonstrated that
reduced HLA A/B/C and p2M was associated with inferior survival
in MSS CRCs. Of note, reduced p2M was an independent prognostic
factor for DFS and OS in the MSS group, suggesting the clinical im-
portance of f2M in this group as well as in MSI-H CRCs. Furthermore,
reduced HLA A/B/C and $2M correlated with lower CD8-positive
lymphocyte density, suggesting the potential role of T-cell-mediated
antitumor immunity in MSS tumors as well as MSI-H counterpart.

In this study, p2M expression tended to be more preserved than
that of HLA A/B/Cin both MSI-H and MSS cases. These are in agree-
ment with the fact that complex mechanisms other than f2M impair-
ment are involved in HLA class | downregulation.44'46 Indeed, several
phenotypes of HLA class | alteration are known, including total loss,
haplotype loss, locus loss, and allelic loss, which result from changes
at various steps of HLA class | expression such as protein synthe-
sis, assembly, transport, or cell surface expression.*** Moreover,
these changes can occur at genetic, epigenetic, transcriptional, and/
or posttranscriptional levels.*> Among various alterations, f2M mu-
tation has been known to be one of the most common mechanisms
of HLA class | downregulation in MSI-H CRC, while its frequency is
considerably lower in MSS tumors.*

Our study has certain limitations. This was a retrospective study,
and IHC was conducted on the TMA slides, raising the possibility of
sampling bias. In addition, clinical information regarding immune

checkpoint blockade was not available. Nonetheless, compared with
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previous studies, the patient cohort in this study is large and homoge-
nous, with few confounding factors, rendering the results reliable.

In conclusion, reduced HLA A/B/C and B2M expression is fre-
quently observed in immunotherapy-naive MSI-H CRC, suggesting
the possibility of primary resistance to immune checkpoint inhibi-
tors. Interestingly, downregulation of HLA A/B/C and $2M was as-
sociated with poor survival in MSS cancers, but not in MSI-H tumors.
These results indicated that cell-mediated antitumoral immune re-
sponse may also play an important role in MSS CRC. Together, IHC
for HLA A/B/C and $2M can be a predictive or prognostic tool in
CRC. Further investigations regarding the detailed molecular mech-
anisms and correlation with clinical response to immunotherapy are

required.
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