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Abstract
Major histocompatibility complex (MHC) class I is a membrane-bound protein complex expressed on nucleated human
cells. MHC class I presents intracellular protein fragments to cytotoxic T cells and triggers an activation cascade upon
neoantigen detection by these cells. MHC class I loss by tumor cells decreases tumor neoantigen presentation to the immune
system and therefore represents a possible mechanism of immunotherapeutic resistance even among cancers that otherwise
appear to be good candidates for checkpoint inhibition, such as mismatch repair (MMR)-deficient and PD-L1-positive
malignancies. We herein assess MHC class I expression in a range of endometrial carcinomas, including MMR-deficient and
PD-L1-positive cancers. Immunohistochemical staining for combined MHC class I A-, B-, and C-heavy chains was
performed on 76 cases of endometrial carcinoma and was classified as present, subclonally lost, or diffusely lost. Tumoral
PD-L1 expression, PD-L1 combined positive score, and CD3-positive T lymphocytes were also quantified. Forty-two
percent of tumors showed loss of MHC class I expression, either in a subclonal (26%) or diffuse (16%) pattern. This
included 46% of MMR-deficient and 25% of PD-L1-positive cancers. These findings suggest that tumoral MHC class I
status may be an important factor to consider when selecting endometrial cancer patients for checkpoint inhibition.

Introduction

Immunotherapy has recently become an option for indivi-
duals with advanced endometrial carcinoma and, while
most often used for patients with mismatch repair-deficient
tumors, can be employed irrespective of mismatch repair
status in certain settings [1–3]. Although most endometrial
carcinoma patients present at an low stage, late-stage
endometrial cancers are associated with a poor prognosis
and have few good traditional chemotherapeutic options [4].

Immunotherapies targeting the PD-1/PD-L1 checkpoint axis
offer great promise for some patients, particularly those
with highly mutated and thus immunogenic tumors that are
highly infiltrated by lymphocytes [1, 5, 6]. However, a
substantial proportion of eligible patients do not respond to
checkpoint inhibition despite a seemingly susceptible
immune milieu [1, 5, 6]. Elucidating mechanisms of treat-
ment failure in these patients is key to selecting treatment-
eligible patients and to identifying new combination or solo
immunotherapy targets.

Checkpoint inhibitor-based immunotherapy works by
facilitating existing adaptive anti-tumor responses [7].
Tumors evade immune attack through expression of the
checkpoint ligand PD-L1 either directly on their cell surface
or on tumor-associated macrophages [8]. The presence of
PD-L1 in the tumor milieu enables an immunosuppressive
interaction with surrounding PD-1-positive lymphocytes,
leading to increased immune tolerance and allowing the
tumor to propagate unimpeded by cytotoxic T cells. For
anti-PD-1/PD-L1 therapy to be effective, cytotoxic T cells
must therefore be both present and activated [9]. This
occurs in a staged process, which begins in the tumor cell
itself where MHC class I functions as a “flag pole” on
which non-self antigens are displayed. A polymorphic
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MHC class I heavy chain and the constant beta2-
microglobulin light chain join together within the endo-
plasmic reticulum of the tumor cell, after which an antigen
joins with the heavy chain-light chain unit [7, 9, 10] .The
trimer then relocates to the cell membrane. The interaction
between the MHC class I-peptide complex and the T cell
receptor on CD8+ T cells helps activate the cytotoxic
response [10, 11].

Prior work has shown that loss of MHC class I expres-
sion occurs in a subset of endometrial carcinomas, including
both mismatch repair-deficient and mismatch repair-intact
tumors [12, 13]. Furthermore, recent investigations in other
tumor types have shown that loss of MHC class I can
happen in tandem with PD-L1 expression, potentially con-
ferring resistance to anti-PD-1/PD-L1-based therapy in eli-
gible candidates [14–18]. The relationship between PD-L1
and MHC class I expression has not, however, been pre-
viously investigated in endometrial cancer. We herein
examine MHC class I expression in endometrial carcinomas
with attention to mismatch repair and PD-L1 status.

Methods

Case selection

This study was approved by the University of Virginia
Institutional Review Board (IRB #13310). Seventy-six
patients who had undergone surgical resection for endo-
metrial carcinoma were selected from the University of
Virginia Surgical Pathology archive, including representa-
tives from different tumor grades, stages, and mismatch
repair subtypes. No serous carcinomas were included due to
the absence of mismatch repair deficiency in this histotype
in our case cohort. None of the tumors had undergone
previous treatment by chemotherapy, radiotherapy, or
immunotherapy. Stage was obtained through electronic
chart review. Tumors were graded and assigned histologic
classification at the time of diagnosis in accordance with the
standardized International Federation of Gynecology and
Obstetrics scheme, and both grade and histologic subtype
were reviewed by a study pathologist (AMM) for diagnostic
confirmation. For the purposes of statistical analysis, FIGO
3, dedifferentiated carcinoma, and carcinosarcoma were
considered high-grade tumors and were analyzed together.

Mismatch repair status

Immunohistochemical staining for mismatch repair proteins
was performed in the course of the institution’s universal
Lynch syndrome screening algorithm as described by Mills
& Longacre [19, 20]. Antibody details are as follows:
MLH1: clone ES05, predilute, Leica Biosystems; PSM2:

MRQ-28Mab, predilute, Cell Marque; MSH2: clone
25D12, predilute, Leica Biosystems; MSH6: clone 44 Mab,
predilute, Cell Marque. Tumors demonstrating either dual
MLH1/PMS2 loss or isolated PMS2 loss underwent MLH1-
promoter hypermethylation testing by pyrosequencing
(Epitech Bisulfite kit and MLH1 primer Kit, cat #97002,
Pyromark Q24, Qiagen), which confirmed the presence of
MLH1-promoter hypermethylation in all MLH1/PMS2-
deficient cases. These cases were therefore classified as
MLH1-promoter hypermethylated for analytical purposes.
Tumors with loss of MSH2/MSH6, MSH6-only, or PMS2-
only were designated as non-methylated mismatch repair-
deficient. Tumors with retained immunohistochemical
staining for all four mismatch repair proteins were desig-
nated as mismatch repair-intact.

MHC class I immunohistochemistry

Immunohistochemical staining for MHC class I expression
was performed on whole sections. The probe targeted the
classical MHC class I system, with detection of HLA-A, B
and C heavy chains (anti-HLA class 1 ABC antibody
[EMR8-5], cat# ab70328, Abcam, dilution 1:400). Tumoral
staining was classified as “intact” (>90% of cells showing
membranous and/or cytoplasmic expression of MHC class
I), “subclonal loss” (10–90% MHC class I expression, with
areas of retained MHC class I immediately juxtaposed with
areas of negative tumor staining), or “diffuse loss” (<10%
tumor cell expression of MHC class I). Occasional cases
demonstrated retained MHC class I staining throughout the
tumor but with varying intensity depending on the region;
strongly staining regions were juxtaposed with mild to
moderate staining regions. These tumors were classified as
MHC class I intact due to the presence of appreciable
membranous expression on all tumor cells. Interpretation
was performed by AMM and LAF after an initial review at
a double-headed microscope, and final classification was
based on consensus opinion. Normal endometrial glands,
stroma, and tumor-associated inflammatory cells served as
internal positive controls.

PD-L1 immunohistochemistry

Immunohistochemical staining for PD-L1 (clone SP142,
dilution 1:200; Spring Bioscience) was performed on whole
sections and scored using the tumoral proportion and
combined positive scores (CPS). Tumoral expression was
classified based on the percentage of viable tumor showing
partial or complete membranous staining of any intensity;
this was scored on a continuous scale and was then sub-
classified as 1–5%, 6–10%, 11–25%, 26–50%, or >50% for
subsequent analyses. The CPS was calculated as follows:
CPS= [(number of positive tumor cells, lymphocytes, &
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macrophages)/(total number of tumor cells)] × 100, with
100 representing the maxium possible score [21]. Each case
given a score from 0 to 100, and a CPS of ≥1 was con-
sidered positive based on the FDA approval for anti-PD-1
therapy and treatment response in other tumors meeting this
threshold [21–23]. Placental tissue served as an external
positive control. PD-L1 tumoral proportion scores were
previously reported for a subset of cases by Sloan et al. [24].

CD3 immunohistochemistry

Immunohistochemical staining for CD3 (Agilent technology,
cat #A0452, polyclonal antibody, diluted 1:300) was per-
formed on whole tissue sections. Intra- and peritumoral
CD3+ lymphocytes were manually enumerated and averaged
across three high-power fields selected to include the area of
greatest staining density. Tonsillar tissue served as an external
positive control. Average CD3 counts were previously
reported for the majority of cases in a prior study [25].

Statistical analysis

Statistical analysis was performed using SPSS software
(IBM SPSS Statistics 26, Aramonk, NY). Categorical
variable comparisons were achieved using Pearson Chi-
Square analysis and Fisher’s Exact Tests, continuous vari-
able comparisons for exact CPS were achieved using
Mann–Whitney U and Kruskal–Wallis with Bonferroni
correction, and continuous variable comparisons with CD3
counts were achieved using Analysis of Variance testing.

Results

The tumors consisted of 68 endometrioid carcinomas (28
FIGO grade 1, 21 FIGO grade 2, 19 FIGO grade 3), 6
dedifferentiated carcinomas, and 2 carcinosarcomas. Most
patients had stage I disease, though a range of stages were
represented (61 stage I, 4 stage II, 10 stage III, 1 stage IV).
Twenty-eight cases were mismatch repair-intact, 25 were
mismatch repair-deficient due to MLH1-promoter hyper-
methylation, and 23 cases were mismatch repair deficient
due to other causes (12 MSH2/MSH6 deficient, 7 MSH6
deficient, 1 MLH1/PSM2/MSH6 deficient, and 3 PMS2
deficient). There were no significant differences in grade or
stage between mismatch repair groups (p= 0.11 and p=
0.76, respectively). The majority of tumors were of an
endometrioid histotype. Of the other histotypes present, all
six dedifferentiated tumors were mismatch repair-deficient,
five of which were non-MLH1 promoter hypermethylated;
one carcinosarcoma was mismatch repair deficient, MLH1-
promoter hypermethylated; and one carcinosarcoma was
mismatch repair-intact.

Relationship between mismatch repair status and
MHC class I expression

Forty-two percent of tumors demonstrated loss of MHC
class I expression, either in a subclonal (26%) or diffuse
(16%) pattern (Table 1, Fig. 1). MHC class I expression
patterns did not vary by tumor grade or stage (p= 0.625 and
p= 0.643, respectively).

There was no difference in MHC class I expression
pattern distribution between the three mismatch repair
groups, nor was there a difference when comparing mis-
match repair-intact tumors to the aggregate of mismatch
repair-deficient tumors (p= 0.51 and p= 0.31, respec-
tively) (Table 1). Thirty-six percent of mismatch repair-
intact tumors and 46% of mismatch repair-deficient tumors
showed either subclonal or diffuse MHC class I loss. Sub-
clonal loss was demonstrated in 29% of mismatch repair-
intact tumors and 25% of mismatch repair-deficient tumors,
whereas diffuse loss was demonstrated in 7% of mismatch
repair-intact tumors and 21% of mismatch repair-deficient
tumors (Fig. 1).

When MLH1-promoter hypermethylated and non-
methylated mismatch repair-deficient tumors were com-
pared to each other, again, no differences were found in
MHC class I expression patterns. Forty-four percent of
MLH1-promoter hypermethylated tumors lost MHC class I
expression (28% subclonal, 16% diffuse) in comparison to
48% of non-methylated mismatch repair-deficient tumors
(22% subclonal, 26% diffuse) (p= 0.80).

Relationship between MHC class I expression and
tumor size

Gross tumor size was available for 62 of 76 cases. The
mean tumor size was 3.88 cm (SD 2.1 cm); there was no
significant difference between the three mismatch repair
groups or between the mismatch repair-intact and aggre-
gated mismatch repair-deficient groups (p= 0.88, p=
0.98). There was no relationship between tumor size and
MHC class I expression pattern analyzed by either intact
expression, subclonal loss, and diffuse loss or as intact
expression and any degree of loss (p= 0.38, p= 0.53).

PD-L1 immunohistochemical expression

PD-L1 tumor staining results were previously reported for
the majority of the cases by Sloan et al. [24]. In the current
series, tumoral PD-L1 expression at the ≥1% threshold was
seen in 37% of endometrial carcinomas, and at the >5%
threshold in 28% of cases (Table 2). Tumoral staining at the
≥1% and >5% thresholds was more common among mis-
match repair-deficient cases than among the mismatch
repair-intact cases (≥1% threshold: 50% vs. 14%, p < 0.01;
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>5% threshold: 31% vs. 4%, p < 0.01). Within the mismatch
repair-deficient group, PD-L1 expression was more com-
mon among non-methylated mismatch repair-deficient cases
than the MLH1-promoter hypermethylated cases at the ≥1%
threshold though not the >5% threshold (≥1% threshold:
70% vs. 32%, p= 0.01; >5% threshold: 43% vs. 20%, p=
0.07).

Eighty-six percent of all endometrial carcinomas had
a PD-L1 CPS of ≥1. As with tumoral PD-L1 expression, a
CPS of ≥1 was more common among mismatch repair-
deficient cases than among intact cases (100% vs. 61%, p <
0.001). Indeed, all mismatch repair-deficient cases had a
CPS of ≥1. The median CPS was lower in the mismatch
repair-intact group than in either the MLH1-promoter

Fig. 1 Patterns of MHC class I
loss in endometrial carcinoma.
MHC class I was retained in the
majority of endometrial
carcinomas, as illustrated in case
(a–b). A subset of cases,
including the one shown in
(c–d), demonstrated a subclonal
loss pattern typified by areas of
tumor with complete absence of
expression juxtaposed with areas
of retained staining. Another
subset showed complete loss of
MHC class I, as illustrated in the
case in (e–f). All three cases
illustrated are mismatch repair-
deficient and all demonstrate
intact MHC class I expression
within background inflammatory
cells and stroma. (A/C/E: H&E;
B/D/F: MHC class I
immunohistochemistry).

Table 1 MHC class I expression across mismatch repair groups.

Intact MHC class I Loss of MHC class I p value Subclonal loss of MHC
class I

Diffuse loss of MHC
class I

All tumors (n= 76) 58% (44/76) 42% (32/76) 26% (20/76) 16% (12/76)

Mismatch repair intact (n= 28) 64% (18/28) 36% (10/28) 0.31 0.51 29% (8/28) 7% (2/28)

Mismatch repair deficient (n= 48) 54% (26/48) 46% (22/48) 25% (12/48) 21% (10/48)

MLH1-promoter hypermethylated
(n= 25)

56% (14/25) 44% (11/25) 0.80 28% (7/25) 16% (4/25)

Non-hypermethylated (n= 23) 52% (12/23) 48% (11/23) 22% (5/23) 26% (6/23)

While the majority of tumors had intact expression of MHC class I, a substantial percentage of cases had either subclonal or diffuse loss of MHC
class I expression. There was no difference in MHC class I expression patterns between the mismatch repair groups.
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hypermethylated or non-methylated mismatch repair-
deficient groups (1 vs. 15 and 1 vs. 20, p= 0.03 and p <
0.001). There was no difference in the median CPS between
the MLH1-promoter hypermethylated and non-methylated
mismatch repair-deficient cases (15 vs. 20, p= 0.49).

Relationship between MHC class I, PD-L1 expression,
and CD3+lymphocytes

Tumors with fully intact MHC class I expression were more
likely to express PD-L1 than tumors with some degree of
MHC class I loss. This was true at both the ≥1% staining
threshold (48% vs. 22%, p= 0.03) and at the >5% staining
threshold (33% vs. 6%, p= 0.01) (Figs. 2 and 3). However,
25% of PD-L1-expressing tumors were found to demon-
strate either subclonal (18%) or diffuse (7%) MHC class I
loss. There was no difference between the subclonal and
diffuse MHC class I loss groups in terms of PD-L1
expression at either the ≥1% or the >5% PD-L1 staining
thresholds (25% vs. 17%, p= 0.68; 10% vs. 0%, p= 0.52).
There was no relationship between tumor-associated
CD3+ lymphocyte count and presence or absence of
MHC class I expression (p= 0.642).

Discussion

Many malignancies thrive by altering their microenviron-
ments and co-opting otherwise beneficial, adaptive biolo-
gical processes. Evading the adaptive immune response to
tumor-specific antigens is one strategy enlisted by malig-
nancies to avoid destruction and represents the biological
basis for clinically available immunotherapies. Endometrial
carcinomas and their associated inflammatory cells can
express a variety of targetable checkpoint molecules and
immune-tolerizing enzymes including not only PD-L1, but
also TIM-3, LAG-3, and IDO, provoking excitement about
the potential for drugs blocking these targets [24, 26–28].
Endometrial carcinomas are particularly good candidates for
immunotherapeutic interventions due to their high rates of
mismatch repair deficiency, leading to elevated tumoral
mutational burdens and neoantigen loads with a resultant
increase in antitumoral inflammation [29]. A subset of
advanced stage mismatch repair-intact endometrial carci-
nomas also respond to anti-PD-1 checkpoint inhibition,
making these cancers one of the only carcinomas with an
FDA-approved pathway to anti-PD-1 therapy irrespective of
their mismatch repair signature [2, 5, 30–32].

However, the effectiveness of checkpoint-based immu-
notherapy is contingent on the presence of an activated
adaptive immune response available to attack a tumor once
its immune-inhibitory defenses are blocked. If tumors do
not express MHC class I then they lack the ability to beTa
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Fig. 2 MHC class I and PD-L1 expression in mismatch repair-
deficient endometrial carcinomas. MHC class I loss of expression
was not significantly associated with either mismatch repair status or
PD-L1 CPS but was seen more frequently in cases with tumoral PD-L1
expression at the ≥1% and >5% thresholds. Some MMR-deficient
cases showed complete loss of MHC class I, such as the PMS2-
deficient tumor from a Lynch syndrome patient illustrated in (a–c) (a:
H&E; b: MHC class I; c: PD-L1). The tumor cells were entirely PD-
L1-negative in this tumor, however the background inflammatory cells

were strongly PD-L1-positive. Other mismatch repair-deficient cases,
such as the MSH2/MSH6-deficient tumor illustrated in (d–f), showed
intact MHC class I expression with strong tumoral PD-L1 staining (d:
H&E; e: MHC class I; f: PD-L1). This suggests that while the absence
of MHC class I may interfere with the efficacy of anti-PD-1/PD-L1
checkpoint inhibition in some patients with mismatch repair-deficient
tumors, in other immunotherapy candidates MHC class I is fully intact
and anti-PD-1/PD-L1 drugs have more promise.

Fig. 3 MHC class I and PD-L1 expression in mismatch repair-
intact endometrial carcinomas. Loss of MHC class I was not unique
to mismatch repair-deficient cancers. While many mismatch repair-
intact tumors, like the one illustrated in (a–c) (a: H&E; b: MHC class

I; c: PD-L1) showed intact MHC class I staining with absent PD-L1
expression, in others like the case in (d–e) (d: H&E; e: MHC class I; f:
PD-L1), MHC class I was entirely lost. In this case, focal PD-L1
expression was appreciated on tumor-associated immune cells.
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targeted by cytotoxic T cells, and therefore therapeutic
antibodies to downstream immunosuppressive molecules
such as PD-1/PD-L1 may not be of value. Notably, loss of
MHC class I expression should, in theory, render tumor
cells more vulnerable to the host’s NK cells, as NK cells can
become activated in the setting of missing MHC class I
[33]. However, the clinical significance of anti-tumoral NK
cell responses has yet to be well-elucidated in endometrial
carcinoma. Early evidence suggests that these tumors are
able to successfully evade NK cell-mediated cytotoxicity
through other mechanisms [34]. Future studies investigating
NK cell-directed immunotherapy will be of interest in MHC
class I-deficient cancers [33, 35, 36].

Previous reports in a variety of tumor types, including
endometrial carcinoma, have linked immune evasion to
downregulation or mutation of the MHC class I structure
[9, 13, 16, 17]. In a study of 486 patients with sporadic
endometrioid endometrial carcinoma, de Jong et al. found
that 41% of tumors downregulated their MHC class I
expression [13]. This mainly occurred via changes in heavy
chain expression, with only 1% of cases demonstrating
expression changes due to both the heavy chain and the
light chain. Furthermore, rates of downregulation did not
differ significantly between mismatch repair-deficient and
mismatch repair-intact tumors. Our study identified down-
regulation of MHC class I in a strikingly similar proportion
—42%—of endometrial carcinomas, including many that
initially appeared to be good candidates for immunotherapy
based on mismatch repair deficiency and/or PD-L1
expression. However, while many PD-L1-positive cancers
lose the ability to engage with cytotoxic T cells, plenty of
others retain their MHC class I expression and remain
strong candidates for immunotherapy that optimizes the
cytotoxic T cell-mediated adaptive immune response. As
was the case in the series by de Jong et al., we found no
significant difference between mismatch repair-intact and
deficient tumors.

Interestingly, while our prior studies have demonstrated
differences in immunotherapeutic target expression between
genetically driven and epigenetically driven (MLH1-pro-
moter hypermethylated) mismatch repair-deficient endo-
metrial carcinomas [24, 26–28], we did not find such a
difference for MHC class I loss: non-methylated and
MLH1-promoter hypermethylated mismatch repair-deficient
tumors showed statistically comparable rates of MHC class
I loss, and both were comparable to mismatch repair-intact
tumors. These data suggest that tumors considered for
immunotherapy ought to be evaluated for MHC class I
expression irrespective of their mismatch repair status and
mechanism of mismatch repair loss.

We also did not find a relationship between MHC class I
expression and tumor-associated CD3+ lymphocytes. In
their series, de Jong et al. observed lower rates of tumor-

infiltrating CD8+ cytotoxic cells in cases with MHC class I
loss [13]. Taken in concert with these findings, our results
suggest that while cytotoxic T cells may be significantly
reduced in the context of MHC class I loss, overall lym-
phocyte infiltration does not change—perhaps due to a
larger contribution of effector or regulatory CD4+ T cells
in cases with MHC class I loss. The histologic impression
of robust tumor-associated lymphocytes thus does not
guarantee an underlying intact MHC class I system,
although identification of a CD8+ cytotoxic T cell-rich
milieu may be valuable.

Our study adds to the findings from the de Jong series by
incorporating PD-L1 data and contextualizing the MHC
class I expression results in the era of immunotherapy.
Tumors expressing PD-L1 in both ≥1% and >5% of tumor
cells were more likely than PD-L1-negative cases to have
fully intact MHC class I expression, though PD-L1 CPS
was not associated with MHC class I expression. From a
treatment perspective, it is important to note that a subset of
PD-L1-positive cases (which might be considered better
candidates for checkpoint inhibition, although expression
isn’t currently codified as a criterion for drug access in this
tumor type) had loss of MHC class I and therefore may be
unlikely to respond to therapies aimed at enhancing the
adaptive immune response.

The relationship between MHC class I and PD-L1
expression has been examined in numerous other tumor
types aside from endometrial carcinoma, including head and
neck squamous cell carcinoma, non-small cell lung carci-
noma, hepatocellular carcinoma, Merkel cell carcinoma
[16, 17, 37, 38]. As with our study, each of these series
found that while MHC class I loss was not limited to PD-
L1-positive cases, a subset of PD-L1-positive tumors
demonstrated MHC class I loss. In vitro studies using
human and mouse cell lines suggest that an inverse rela-
tionship between MHC class I and PD-L1 expression could
be explained at a molecular level: the transcription factor
IRF2 is involved in both increasing MHC class I pre-
sentation and decreasing PD-L1 presentation, and may play
a role in cancers showing the MHC class I-negative, PD-L1-
positive phenotype [15]. Future investigations of IRF2 in
endometrial carcinoma may therefore be of interest.

None of the patients in our series had undergone prior
treatment with chemotherapy, radiation, or immunotherapy.
Downregulation of MHC class I expression via beta2-
microglobulin mutation has been observed after anti-PD-1
therapy in melanoma, suggesting that malignancies may
lose MHC class I expression as an adaptive response to
checkpoint inhibition [39]. Although abnormalities in
beta2-microglobulin appear to be uncommon in endometrial
carcinomas based on data from the de Jong study, down-
regulation of HLA class I heavy chains has the same ulti-
mate effect of decreasing MHC class I expression and
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appears to be relatively common in endometrial carcinoma
based on our data and de Jong’s [13]. Studies comparing
MHC class I expression in pre-and post-immunotherapy
samples would therefore be of interest, as loss could emerge
adaptively after initial exposure and/or confer resistance to a
previously beneficial treatment.

Much of the current research on immunotherapy centers
around finding the right combination of drugs for a particular
patient [32]. The human immune system relies on complex
interactions between a host of immunoactivating and immu-
noinhibitory molecules, and the PD-1/PD-L1 axis is just one
of many that can be co-opted by malignancy. Many PD-L1-
positive gynecologic cancers co-express other immunosup-
pressive molecules including LAG-3, TIM-3, VISTA, and
IDO, and drugs targeting all of these—as well as immunos-
timulatory molecules such as OX40—are either clinically
available or in clinical trials (NCT03538028; NCT02817633;
NCT02812875; NCT02554812) [26–28, 40, 41]. Knowing
that many tumors will simultaneously enlist more than one
targetable method of immune evasion, investigators are
focused on curating a multi-pronged immunotherapeutic
approach involving combinations of these drugs. However,
this kind of treatment layering is unlikely to have therapeutic
benefit in cancers with MHC class I loss, because even after
blocking immunosuppressive pathways, cytotoxic lympho-
cytes will remain unable to engage with the malignant cells in
the absence of MHC class I. Indeed, this may explain why
combination immunotherapy often fails to significantly
improve response rates.

Developing a treatment strategy for tumors with MHC
class I loss therefore becomes challenging. Histone deace-
tylase inhibitors have been studied as a possible interven-
tion to promote protein upregulation in cancers where MHC
class I loss is due to epigenetic factor, and show early
promise. Ugurel et al. evaluated the impact of panobinostat,
a histone deacetylase inhibitor, in two patients with meta-
static Merkel cell carcinoma: one treated with pem-
brolizumab and the other with nivolumab [16]. Although
neither patient in this study had a demonstrable clinical
response, the single patient who had pre- and post-treatment
biopsies had a measurable increase in MHC class I
expression and tumor-infiltrating CD8+ T cells. This study
highlights not only the need for similar studies in various
tumor types, but also the need to assess clinical and
pathologic changes in response to therapy.

Rational selection of patients who may be immu-
notherapy candidates and curation of tumor-specific
treatments is important not only for optimizing respon-
ses, but also to minimize patient harm. Although less
morbid than conventional chemotherapy, immunotherapy
is associated with a host of autoimmune-like side effects
that range from minor to fatal [42–45]. Immunotherapy
overuse also carries significant financial implications for

patients and for the healthcare system: the costs of single
agent immunotherapy exceeds $100,000 annually [46].
Identifying cancers with MHC class I loss could be cri-
tical for preventing unnecessary administration of these
drugs in patients who will not benefit.

There are several important limitations to this study.
First, MHC class I expression was evaluated on a single
tumor section. It is entirely possible that the proportion of
cases showing subclonal loss could be underestimated in
this context. Future studies evaluating MHC class I status
across multiple tumor blocks may therefore be of interest. In
addition, our series does not include clinical follow-up or
treatment response data. Studies of MHC class I expression
among immunotherapy responders and non-responders will
be critical moving forward.

In summary, subclonal or diffuse loss of MHC class I
expression occurs in a significant subset of endometrial
carcinomas, including, but not limited to, mismatch repair-
deficient and PD-L1-positive cases. Because MHC class I
is vital for the presentation of tumor antigens to cytotoxic T-
cells, immunotherapies that facilitate the adaptive immune
response may be of little value in the context of MHC class
I loss. MHC class I immunohistochemistry may therefore
be an important biomarker for identifying immunotherapy
candidates and preventing unnecessary administration of
these drugs to patients who will not respond. Future studies
directly evaluating the role of MHC class I in immu-
notherapeutic resistance will be of interest, as will work on
the potential role of histone deacetylase inhibitors in upre-
gulating MHC class I.
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