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Abstract

Background: Immune checkpoint blockade (ICB) is considered as a promising approach for cancer
treatment. However, the potency of ICB therapy in yolk sac tumors (YSTs) has not been confirmed, and
the comprehensive analysis of tumor immune microenvironment and the expression of PD-1/PD-L1 and
CTLA4 were also not thoroughly evaluated.

Methods: Immunohistochemistry was performed in formalin-fixed, paraffin-embedded tumor specimens
from 23 YSTs patients to detect the density and distribution of tumor-infiltrating T cells, tertiary lymphoid
structures (TLSs), as well as the expression of PD-1/PD-L1 and CTLA4.

Results: Overall, more than half (61%) of all patients exhibited an immune-desert phenotype based on
CD3* T cells. PD-1 expression was identified in five tumor samples (21.7%), and PD-L1 expression
exhibited a different positive rate in tumor cells (TCs) and tumor-infiltrating lymphocytes (TILs) (39.1%
and 17.4%). Noteworthily, the rate of positive CTLA4 expression in both TCs and TILs was markedly
higher (69.6% and 56.5%) than those of PD-1 and PD-L1 expression. Furthermore, TLSs were observed in
21.74% of all tissues, and samples with TLSs exhibited significantly higher densities of TILs and higher
expression of immune checkpoint molecules, particularly PD-1/PD-L1. In addition, tumors located in
testes also exhibited a higher density of TILs and higher expression of immune checkpoint molecules.

Conclusion: Although a high frequency of CTLA4 expression was found, PD-1/PD-L1 expression, the
immune-inflamed phenotype, and TLSs were low frequency in YSTs, suggesting that only a few YSTs
patients may be benefit form ICB therapy. Remarkably, patients with tumors located in testes are more
likely to benefit from ICB therapy.

Introduction

YSTs are rare malignant germ cell tumors characterized by an extraembryonic yolk sac line of
differentiation. Although the majority of patients are cured by surgery and chemotherapy, a subgroup of
them have a poor clinical outcome due to chemotherapy resistance, relapse and intolerance of
chemotherapy side effects|[1, 2]. Therefore, there is an urgent need to discover more effective and less
toxic treatments for these patients.

Programmed death receptor 1 (PD-1, CD279), which belongs to the CD28/CTLA4/ICOS costimulatory
receptor family, delivers negative signals that impair the immune effects of lymphocytes by combining
with programmed death receptor ligand 1 (PD-L1)[3]. Another member of the family, cytotoxic T
lymphocyte antigen 4 (CTLA4, CD152), can also suppress the activation of T lymphocytes|[4].
Promisingly, inhibition of the interaction of PD-1 and PD-L1 and CTLA4 with its ligands can stimulate T
lymphocyte responses and mediate antitumor effects|[5, 6]. Based on these encouraging results, immune
checkpoint blockade (ICB) agents, which are antibodies blocking PD-1/PD-L1 and CTLA4, have been
approved by the US Food and Drug Administration for the treatment of multiple cancer. Up-regulation of
immune checkpoint molecules has been be shown to be related to an efficient response to ICB treatment;
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nevertheless, only a proportion of people with positive expression of these immune checkpoint molecules
exhibit significant clinical responses, indicating that the expression of immune checkpoint molecules is
necessary but insufficient for inducing a clinical response [7-9].

Antitumor immunity, regulated through complex factors in the tumor microenvironment (TME), could
exhibit distinct responses to ICB therapy[10, 11]. The TME can be grouped in three immune phenotypes
based on immune topography: 1) the “immune-desert” phenotype is totally free of infiltrating T cells in
both the stroma and inside the tumors; 2) the “immune-excluded” phenotype is characterized by the
presence of abundant immune cells in the invasive margin but not inside the tumor; 3) the “immune-
inflamed” phenotype is characterized by infiltrating T cells in the tumor parenchyma, which are
associated with an antitumor effect[10, 12]. Furthermore, it has been confirmed that different immune
phenotypes could create variable immune responses[10, 11].

In addition to both the expression of immune checkpoint molecules and immune phenotypes, the
potential influence of tumor-infiltrating B lymphocytes therapeutic response is of growing interest,
particularly when these cells are found in relation to organized lymphoid aggregates known as TLSs[13,
14]. Extensive studies have indicated that TLSs play a crucial role in the tumor immune
microenvironment, by conferring distinct T cell phenotypes and improving responses to ICB agents, and
their presence could be a good predictive biomarker for ICB therapy[15-17].

However, the potency of ICB therapy in YSTs has not been confirmed, for these predictive biomarkers were
less well-studied. In this study, the immune phenotypes of tumor-infiltrating T lymphocytes and TLSs and
the expression of PD-1/PD-L1 and CTLA4 in YSTs were extensively and deeply assessed to provide a
solid basis for ICB therapy.

Materials And Methods
Patients

A total of 23 paraffin-embedded tissue samples from patients diagnosed with YSTs were prospectively
obtained from Tongji Hospital (Wuhan, China) between 2017 and 2021. The tissues were retrieved at
operation and prior to any therapy. Clinical characteristics, including age at diagnosis and tumor
locations and stage were detailed in Table 1. Clinical files and histology data were assessed according to
the American Joint Committee on Cancer (AJCC) and the World Health Organization (WHO)
classification. The study was approved by the ethics committee of Tongji Hospital of Huazhong
University of Science and Technology (identifier: TJ-IRB20210822), and the informed written consent
obtained from each patient.
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Table 1

Clinical characteristics of 23 diagnosed YST patients

Characteristics

Age at diagnosis(years)

Sex

Female
Male
Subtypes
Pure

Mixed

with benign tumor
component
with malignant tumor
pT

T1

T2~3

Tx

PN

NO

N1

Nx

pM

MO

M1

Mx
Location
Extra-gonad

Gonad

Median (range)

22(1-64)
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Number(%)

14(61%)
9(39%)

14(61%)
4(17%)
5(22%)
9(39%)
11(48%)
3(13%)
11(48%)
2(9%)
10(43%)
12(52%)
3(13%)

8(35%)

6(26%)




Characteristics Number(%)

Ovary 13(57%)
Testicle 4(17%)

Immunohistochemistry and pathological assessment

Hematoxylin-eosin staining and immunohistochemical (IHC) were performed on all samples. The
following IHC antibodies were used: anti-CD3 (clone EP41, ZSGB-BIO), anti-CD4 (clone EP204, ZSGB-BIO),
anti-CD8 (clone SP16, ZSGB-BIO), anti-Foxp3 (clone 236A/E7, Abcam), anti-CD20 (clone L26, Thermo
Fisher Scientific), anti-PD-1 (clone UMAB199, ZSGB-BIO), anti-PD-L1 (clone EPR19759, Abcam), and anti-
CTLA4 (clone UMAB249, ZSGB-BIO). The density of lymphocytes in the tumor nest and septa regions was
assessed by two examiners as the average in 10 high-power fields with at least 500 cells. TLSs were
defined as dense aggregates of B lymphocytes with an adjacent T cell zone[18, 19]. PD-L1 and CTLA4
scores were evaluated separately in tumor cells (TCs) and lymphocytes, and PD-1 scores were assessed
in lymphocytes. A 5% cut-off value was performed for PD-1 and PD-L1 positivity based on previous
studies of testicular germ cell tumors and ovarian carcinomal[20, 21]. For CTLA4, the staining intensity
was scored as follows: negative, 0; weak, 1; moderate, 2; and strong, 3. The percentage of positive cells
was also scored as follows: 0 (< 10% positive cells), 1 (10—-30% positive cells), 2 (31-50% positive cells),
and 3(> 50% positive cells). The sum of the scores for staining intensity and percentage of positive cells
was the staining score, which was divided into negative (score < 1) and positive expression (score > 2)
[22].

Statistics

Statistical analyses were performed in the R software environment (version 4.1.2). The “ggpubr” R
package (https://mirror.Izu.edu.cn/CRAN/bin/windows/contrib/4.1/ggpubr_0.4.0.zip) was used to
perform statistical analysis. Comparisons between more than two groups were made using the Kruskal-
Wallis test, and comparisons between two groups were made using the Wilcox test. A Pvalue less than
0.05 was considered significant.

Results
Baseline characteristics

The clinical and pathological characteristics of the 23 YSTs patients are described in Table 1. The mean
age of the patients was 22 years (range 1-64 years). Nine patients were male (39%) and 14 were female
(61%). The histopathological evaluation showed that 61% of tumors were pure YSTs, 17% were mixed
with benign tumors, and 22% were mixed with malignant tumors. The pT, pN, and pM of the YSTs are also
detailed in Table 1. Additionally, the most frequent primary tumor location was the ovaries, followed by
extragonadal sites.
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Density and spatial distribution of tumor-infiltrating T
lymphocytes

The density and pattern of lymphocyte distribution demonstrated that tumor-infiltrating T lymphocytes
were scattered in the tumor nests with denser aggregates located in septa regions, illustrating that
samples ranged in phenotype from an immune-inflamed phenotype to an immune-desert phenotype
(Figs. 1A, S1). More than half of all samples (61%) exhibited the immune-desert phenotype, while 26% of
samples showed the immune-inflamed phenotype, and 13% showed the immune-excluded phenotype
(Fig. 1B). Tumors located in testes had more infiltrated CD3* T cells than those located in either ovaries or
extragonadal sites (Fig. 1C). The immune-inflamed phenotype was obviously most common among all
four cases with tumors located in testes, whereas the immune-desert phenotype was found in the
majority of the tumors located in extragonadal sites (66%) and ovaries (77%) (Fig. 1D).

The majority (69% and 78%, respectively) of samples displayed the immune-desert phenotype based on
the density and spatial distribution of CD4* and CD8™ T cells, while the others displayed the immune-
inflamed phenotype (22%, 18%) or immune-excluded phenotype (9%, 4%) (Fig. 1B). Tumor-infiltrating
Foxp3™ T cells were observed in samples redundantly infiltrated by CD3*, CD4* and CD8* T cells, but the
density was much lower than that of the other T cell subsets (Figs. 1A, S1). With respect to the Foxp3* T
cell immune phenotype, two cases (9%), three cases (13%) and 18 cases (78%) showed the immune-
inflamed phenotype, immune-excluded phenotype, and immune-desert phenotype, respectively (Fig. 1B).

Immune checkpoints expression: PD-1/PD-L1 and CTLA4

Typical staining of PD-1 was detected in lymphocytes, which were located in tumor nests and septa
regions (Fig. 2B). The rate of positive PD-1 expression was 21.74% (5/23). PD-L1 expression in TILs (PD-
L1,) was identified in four tumor samples (17.4%), and its expression in TCs (PD-L17) was found in nine
specimens (39.13%). Higher expression of CTLA4 than of PD-1 and PD-L1 was found; positive expression
was detected in TILs (CTLA4,) in 13 specimens, and 16 specimens exhibited positive staining in TCs

(CTLA4y), as shown in Fig. 2A.

Further studies of the relationship between immune checkpoint molecules and tumor location found that
PD-1 was predominantly expressed in the testes, but at lower levels in both the ovaries and extragonadal
sites. The rate of positive PD-L1; and/or PD-L1, arranged from high to low was as follows: testes,
extragonadal sites and ovaries (Fig. 2B). Significantly, all four tumors located in testes had positive PD-
L1+, and two tumors had positive PD-L1, expressions. The expression of CTLA4 was also separately
evaluated according to tumor site. CTLA4; staining in testes, extragonadal sites, and ovaries was
detected in 100% (4/4), 66.67% (4/6), and 61.54% (8/13) of samples, respectively (Fig. 2B). Interestingly,
the rate of positive CTLA4, for testes was highest, as it was only 33.33% (2/6) for extragonadal sites, and
53.85% for the ovaries (7/13) (Fig. 2B).

Density of B cells and TLSs
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CD20* B cells, which frequently aggregate into TLSs, were identified in 34.78% of the samples (Fig. 3A).
To provide more accurate estimates of the density of CD20* B cells, the numbers of TLSs and the
scattered remaining B cells were identified separately. Similar to the organization of T cells, the IHC
analyses showed that few scattered B cells were located in tumor nests ( denoted as positive CD20y)

with more intensive aggregates in tumor septa regions (denoted as positive CD20g), and the differences
were statistically significant (P<0.05) (Figure S2).

TLSs were found in 21.74% of all tissues with a median of 3.48 TLSs per cm? of tissue specimens

among the TLS™ tumors. Interestingly, heatmap analysis revealed that most samples with TLSs had a
similar immune phenotype: a higher density of T cells and positive expression of PD-1, PD-L1, and CTLA4
(Fig. 3D). Quantitatively, samples with TLSs exhibited significantly higher densities of tumor-infiltrating T
lymphocytes than those with no TLSs, but the differences in CD8 expression did not reach statistical
significance (Fig. 3C). Additionally, mirroring the tumor-infiltrating T lymphocyte data, samples with
positive expression of PD-1 and PD-L1 had a higher proportion of TLSs; however, a higher proportion of

TLSs was not found in tumors with CTLA4;" and CTLA4, " (Fig. 3C). Consistent with the above results,
various immune cells were detected in the same TLS, including CD4*, CD8* and Foxp3* T cells, PD-1*
cells, PD-L1* cells, and CTLA4" cells (Figure S3).

The association between TILs and immune checkpoint
molecules: PD-1, PD-L1 and CTLA4

The prevalence of positive PD-1/PD-L1 and CTLA4 expression and its potential correlation with TIL
density were assessed. The findings indicated that PD-1* tumors exhibited a higher density of TILs (CD3*,
CD4*, and Foxp3™ T cells and CD20™" B cells) in the nests or septa regions of tumors than PD-1" tissues. A
higher density of tumor-infiltrating CD8" T lymphocytes was also found in PD-1* tumors, but the
difference failed to reach statistical significance (P=0.10 for CD8y and P=0.05 for CD8g) (Fig. 4A).
Furthermore, there was a substantial difference in the composition of TILs between tumors positive and
negative PD-L1 expression. In contrast to PD-L1;~ tumors, PD-L1;* tumors had a higher density of TILs,
and the differences were statistically significant, except for those for CD4y, CD20y and CD20g. Similar
results were also found in tumors with positive PD-L1,* (Fig. 4B). Statistical analyses of the composition
of TILs between the CTLA4* and CTLA4™ groups were also performed. A higher TILs density was found in
CTLAA4,* tumors than in the CTLA4,~ tumors; however, only the differences in the infiltration of CD3",
CD4s" and CD8¢* T cells were statistically significant (P< 0.05) (Fig. 4C). In general, these results showed

that the expression of immune checkpoint molecules, particularly PD-1/PD-L1, was associated with a
higher TIL density, indicating that these tumors may be sensitive to ICBs.

Discussion
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With respect to research of ICB therapy YSTs was few, and was often included in the study of testicular
germ cell tumors. This study is the first comprehensive and detailed assessment of PD-1/PD-L1 and
CTLAA4 expression and tumor-infiltrating lymphocytes for evaluating the potency of ICB therapy in YSTs.
Remarkably, the presence and frequency of TLSs in YSTs were also first reported in the study. The
observed results demonstrated that only a small proportion of patients, which had tumor-infiltrating
lymphocytes and the expression of immune checkpoint molecules present, may be efficacious for ICB
agents.

That the expression levels of PD-1/PD-L1 and CTLA4 are significant predictive biomarkers in cancer
immunotherapy, has already been confirmed by extensive studies[23-25]. The expression of CTLA4 has
been almost exclusively studied in the TILs, but increasing evidence has shown its expression on tumors
with clinical response to ICB therapy. Notably, a high frequency of both CTLA4;" and CTLA4,* was found
in our study, suggesting that anti-CTLA4 targeted therapy may be improve the prognosis of YSTs
patients. However, this idea should be applied with caution, as until now, CTLA4 expression in YSTs has
rarely been reported in the published literature[26]. Also, the existence of patients with negative
expression and positive responses has been previously reported and confirmed that the expression of
CTLA4 is not an adequate biomarker to select candidate patients for ICB[27]. The results by Hamid et al
revealed significant associations between positive response and high baseline expression of Foxp3, and
between positive response and increase in TILs between baseline and 3 weeks after start of
treatment[28]. In addition, Mastracci et al also demonstrated that high TIL score and density of CD3*,
CD8™ T cells, and CTLA4,* were significantly associated with a better response to anti-CTLA4 targeted

therapy in patients with melanoma[29]. These results suggested that the expression of CTLA4™ (CTLA4;*
or CTLA4,™) in combination with TILs may be optimal marker for selecting patients who could be

candidates for anti-CTLA4 therapy. In our study, although a high frequency of both CTLA4* and CTLA4,*

was found; only a small subset of patients exhibited the immune-inflamed phenotype or with TLSs,
suggesting that anti-CTLA4 therapy is not optimal choice for most YSTs patients.

In our study, five patients (21.74%) had positive PD-1 expression, indicating that YSTs exhibited a low
frequency of PD-1 expression. As to PD-L1, that PD-L1; and PD-L1, had different prognostic values
highlighted the importance of separately evaluating their expression[30]. Nevertheless, the study of PD-L1
not only was few in YSTs, but also has been assessed without distinguishing between TCs and
lymphocytes in the most studies. In our study, the PD-L1; and PD-L1, were observed, and the results
showed that nine cases (39.1%) had positive PD-L1+, and four cases (17.4%) had positive PD-L1,.
Fankhauser et al found that 19 (40%) patients with YSTs exhibited positive expression of PD-L1 without
distinguishing between TCs and lymphocytes, the results were consistent with the expression with PD-L1¢
in our study[20]. Consistent with our study, one study showed that five of 26 patients exhibited positive
PD-L1,, and another study found that no positive expression was detected in four YST patients[30, 31].

These results demonstrated that the frequency of PD-L1, expression was low in YSTs.
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The up-regulation of immune checkpoint molecules has been associated with an effective clinical
response to ICB treatment; however, recent studies indicate that tumor-infiltrating lymphocytes is also
crucial to positive responses[29, 32, 33]. In the study, we found that the immune-desert phenotype
prevailed among YSTs, while only a minority exhibited the immune-inflamed phenotype. The immune-
excluded phenotype featured massive infiltration of immune cells; however, the immune cells do not
penetrate the parenchyma and instead are present tumor septa regions[10]. The septa impose restrictions
on the killing activity of T cells in response to TCs. Hence, with anti-PD-1/PD-L1 agent treatment, tumor-
infiltrating T cells in tumors of the immune-excluded phenotype can demonstrate evidence of activation
and proliferation but not infiltration, and thus, responses are likely to be uncommon[10]. Due to the
paucity of T cells in both the nest and septa regions of the tumor, the immune-desert phenotype
represents a non-inflamed TME. Unsurprisingly, these tumors rarely respond to anti-PD-L1/PD-1
immunotherapy[33].

In Boldrini's research, among 28 YST cases, more than half of the cases featured the immune-desert
phenotype, and 39% of the cases featured the immune-inflamed phenotype, consistent with our
results[34]. Compared with that study, we further assessed TLSs, that are involved in the TILs and
contribute to ICB therapy response[13, 35]. To date, no assessment of TLSs in YSTs has been reported. In
our study, five patients had TLSs, and the composition of TLSs was also assessed. Strikingly, multiple
immune cells were present in the TLSs, including CD4*, CD8* and Foxp3™ T cells, PD-1* cells, PD-L1*
cells, and CTLA4" cells. We further analyzed the relationship of TLSs with both TILs and the expression
of PD-1/PD-L1 and CTLA4. The density of TILs and the expression of PD-1/PD-L1 were higher in patients
with TLSs than in those without TLSs. The above results illustrated that TLSs have a key role in the
immune microenvironment and may improve responses to ICB therapy in YSTs.

Due to both the density of TILs and the immune checkpoint molecules expression were strongly
associated with the response to ICB therapy, their relations were also explored in our study. Consistent
with another study, the expression of PD-1 was proportional to the density of TILs in the study([34].
However, the differences in tumor-infiltrating CD8™ T cells failed to reach statistical significance (P=
0.1024 for CD8y and P=0.0519 for CD8y), likely due to the small sample sizes. Similar to the results for
PD-1, a higher density of TILs was also found in patients with PD-L1 positivity. In addition, we also found
a higher density of TILs in patients with positive CTLA4; nonetheless, no association was demonstrated
between CTLA4; and the density of TILs.

Interestingly, we found that compared with tumors located in extragonadal sites or the ovaries, YSTs
located in the testes usually have an exceptionally higher TLSs and expression of PD-1/PD-L1 and
CTLA4, as well as more tumor-infiltrating T cells. The results suggested that YSTs located in the testes
could profit from immunotherapeutic strategies using ICB, but a larger sample size is needed to confirm
this finding.

We identified the immune phenotype of tumor-infiltrating T cells, a low frequency of PD-1/PD-L1
expression, a high frequency of CTLA4 expression, the presence of TLSs and relationships between these
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factors in YSTs. These features indicated that only a few YSTs patients may be benefit form ICB therapy;
alternatively, converting the tumor from “cold” to “hot” could be a useful strategy prior to immunotherapy
for most patients. A major limitation of our study might be the lack of neoadjuvant ICB trial data.
Nevertheless, our comprehensive and detailed description of PD-1/PD-L1 and CTLA4 expression and
tumor-infiltrating lymphocytes in YSTs forms a solid basis for ICB therapy.

In conclusion, ICB therapy could be a promising new treatment approach in YSTs, however, only a few
YSTs patients may be benefit from these, and assessing TILs and the expression of immune checkpoint
molecules for stratification is an indispensable part. Excitingly, patients with tumors located in testes
exhibited a higher density of TILs and higher expression of immune checkpoint molecules, and might be
efficacious for ICB therapy.
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Figure 1. Density and distribution of tumor-infiltrating T lymphocytes in YSTs. A, Representative immunohistochemistry
images of YST samples with immune-inflamed, immune-excluded and immune-desert phenotypes were shown. Scale bar,
50 pm. B, Distribution of tumor-infiltrating T lymphocytes. C, Box plot of the tumor-infiltrating CD3+ T cell density in
the nest{N) and septa(S) regions of tumors according to tumor location. D, Distribution of tumor-infiltrating CD3+ T cells
according to tumor location. YSTs: yolk sac tumors; ns: not significant, P > 0.05; *: P < 0.05; **: P < 0.01.

Figure 1

Legend not included with this version.
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Figure 2. The expression of PD-1/PD-L1 and CTLA4 in YSTs. A, The frequency of PD-1/PD-L1 and CTLA4 expression.
B, Examples illustrating distribution of PD-1/PD-L1 and CTLA4 staining in YSTs. Left panel: representative IHC images
for PD-1/PD-L1 and CTLA4 staining; middle panel: representative IHC images for samples with no expression of target
molecules; right panel: distribution of target molecule staining in YST patients according to tumor location. Scale bar, 20p
m. T: expression in tumor cells; L: expression in lymphocytes.

Figure 2

Legend not included with this version.
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Figure 3. Characterization and distribution of TLSs in YSTs. A, Representative IHC images of TLSs. Scale bar, 100 pum.
B, Frequency of TLSs. C, Characterization of TILs and PD-1/PD-L1 and CTLA4 expression according to TLS presence in
YSTs. D, Distribution of tumor-infiltrating T cell subsets, CD20+ B cells, and PD-1/PD-L1 and CTLA4 expression in YST
patients with TLSs. T: expression in tumor cells; L: expression in lymphocytes, N: TILs in the tumor nest, S: TILs in the
tumor septa. ns: not significant, P > 0.05; *: P < 0.05; **: P <0.01.

Figure 3

Legend not included with this version.
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Figure 4. Density of TILs in YSTs according to the expression of PD-1/PD-L1 and CTLA4. A, Box plots of tumor-infiltrat
ing T cell subsets and CD20+ B cells according to the expression of PD-1. B, Box plots of tumor-infiltrating T cell subsets
and CD20+ B cells according to the expression of PD-L1. Left: PD-L1T; right: PD-L1L. C, Box plots of tumor-infiltrating T
cell subsets and CD20+ B cells according to the expression of CTLA4. Left: CTLA4T; right: CTLA4L. T: expression in
tumor cells; L: expression in lymphocytes. N: TILs in the tumor nest, S: TILs in tumor septa. ns: not significant, P > 0.05; *:
P<0.05; **: P<0.01; ***: P<0.001.

Figure 4
Legend not included with this version.
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