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ABSTRACT

The immunohistochemical expression of various members of the claudin family has already been
studied in pathological affections of the vulva whether to differentiate precancerous lesions from
vulvar squamous cell carcinoma or in inflammatory conditions such as lichen sclerosus. From an
oncological perspective, however, immunohistochemical analysis of claudin 18.2 protein expres-
sion has become increasingly clinically relevant nowadays since the impressive therapeutic benefits
of the claudin 18.2 antibody zolbetuximab have been widely recognized. Systematic studies
evaluating its expression, including in vulvar cancer, are needed to understand whether such
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treatment strategies may eventually benefit patients with vulvar neoplasia.

Claudins in squamous cell carcinoma of the
vulva

It was not only due to the scientific paradigm shift
away from transcription factors and tyrosine
kinases that claudins' - as a component of tight
junctions (T]) not only responsible for paracellular
diffusion and the adapting cell membrane perme-
ability but also the most fundamental property of
epithelia, namely the cohesion of a cell formation of
polar cell forms™’ - became the focus of increasing
interest in oncological and histomorphological
research. Hereby, especially the claudins 3, 4, 6
and 18.2 have become the main focus of oncologi-
cal research since their expression across different
tumor entities is a necessary prerequisite for
a potential tumor-agnostic, pan-cancer treatment
within the area of personalized medicine.*”’
Scilicet, to date, at least some family members of
the total 26 human claudin proteins have been
tested in a gyneco-oncological context, whether
for the detection of precancerous cervical lesions
or the potential risk stratification of solid non-
gastric neoplasms.>*®’

Regarding the clinical impact of claudin expression
even within squamous cell carcinomas of the vulva
(VSCC), Sadalla et al. addressed the question of poten-
tially differing expression patterns of certain claudin
family members (claudin 1, 2, 3, 4, 5, 7 and 11) in
vulvar lesions already in 2011, when examining vulvar
samples with lichen sclerosus (LS), isolated squamous
cell carcinoma (n =15) and non-affected controls.
They determined a loss of claudin 7 and 11 expression
and, therefore, a significant difference in protein
expression within LS and VSCC in comparison to
the respective control group (p =0.013 and p = 0.001;
chi-square test). Other claudins tested did not show
significantly different expression between the groups;
within this study cohort, they showed positive expres-
sion in VSCC in 66.7% (claudin 3 and claudin 4) to
86.7% (claudin 1).° Following on from this, Riski et al.
examined the expression of different claudin members
(1,3 M, 3§, 4, 5 and 7) in precancerous vulvar lesions
(vulvar intraepithelial neoplasia, VIN) and VSCC (n
= 49) taking into account both membranous and cyto-
plasmatic staining patterns. They reported different
staining intensities within neoplastic affections, espe-
cially for claudin 3M in VIN I lesions, VIN II-III
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lesion and invasive carcinomas (p =0.026; Kruskal-
Wallis test) as well as a decreased expression of claudin
3M in carcinomas compared to low-grade intrae-
pithelial neoplasia (p =0.002; Mann-Whitney test).
Although the team of Riski et al. did not determine
additional significant differences in claudin expression
of other claudin types, they reported an overall posi-
tive expression of claudin 7 in the majority of invasive
carcinomas - in contrast to the above-mentioned
study by Sadalla et al.'*!!

Recently, the expression of claudin 18.2 (a spe-
cific splice variant encoded by the CLDN18 gene)
has garnered significant attention and therapeutic
relevance — as summarized in a worthwhile article
published in Tissue Barriers by Kyuno et al.'> Phase
IIT studies, such as the SPOTLIGHT and GLOW
trials, have demonstrated a potential for extended
overall survival and progression-free survival in
certain advanced-stage gastric cancers with the
administration of the monoclonal anti-claudin
18.2 antibody called zolbetuximab.”*'>'* Albeit, in
physiologic state, claudin 18.2 is almost exclusively
expressed within the gastric mucosa, a positive
claudin 18.2 expression has also been detected in
non-gastric solid tumors such as ovarian cancer
and non-small lung cancer, probably due to altera-
tions in the extracellular signal-related kinase and/
or protein kinase C pathway.' Before being consid-
ered as the next potential tumor-agnostic target/
therapy even in additional tumor entities such as
VSCC, it is essential to initially examine the

immunohistochemical expression of claudin 18.2
in vulvar cancer (VC).

Immunohistochemical expression of claudin
18.2 in VSCC

Within a preliminary analysis, we therefore exam-
ined the protein claudin 18.2 expression in 20 VC
patients (whole slide analysis), who were diagnosed
at the Department of General and Special
Pathology, University Hospital of Saarland. HPV
(Human Papillomavirus) association was deter-
mined according to the diagnostic standards of
the current 5th WHO classification of Female
Genital Tumors using a routine p16 (CINtec® p16,
Roche, Switzerland) antibody and protocol.
Hereby, ‘blocktype’ staining of at least 20 neighbor-
ing neoplastic cells was considered as positive."” In
total, ten HPV-associated tumors and ten HPV-
independent tumors were tested, taking into
account the potential HPV-dependent oncogenesis
and the resulting distinct tumor entities (HPV-
associated VC and HPV-independent VC).
Within our patient cohort, the median age was
55.5years; classified by the TNM (TNM
Classification of Malignant Tumors) stage (8th edi-
tion), five patients had pTla tumors, ten patients
had pT1b tumors, and five patients had T2 tumors.
Table 1 depicts the clinico-pathological tumor
characteristics of the examined tumors in detail.
Despite the evaluation of claudin 18.2 expression

Table 1. Pathological information about the tumor samples within our selected cohort. We included patients with different tumor
stages and varying groin lymph node status but also all four grades of tumor differentiation (Broder’s grading I-IV) and HPV association

(p16).
Sample number T-stage Depth of infiltration in cm N-stage \Y Pn L Grading (Broder’s grading) p16 IHC
1 Tla 0.06 0 No No No Grade | Negative
2 T1b 1.8 0 No No No Grade Il Negative
3 T1b 0.4 0 No No No Grade Il Negative
4 T2 1.5 0 No No No Grade Il Negative
5 Tla 0.03 0 No No No Grade Il Negative
6 T1b 1.7 1a Yes Yes Yes Grade Il Negative
7 Tla 0.05 0 No No No Grade | Positive
8 T1b 0.2 0 No No No Grade | Negative
9 T1b 0.5 0 No No No Grade | Positive
10 T1b 0.4 0 No No No Grade | Negative
1 T2 1.9 2c Yes No Yes Grade IV Negative
12 T1b 1.1 2c No No Yes Grade | Negative
13 T1b 0.4 0 No No No Grade | Positive
14 T1b 0.2 0 No No No Grade IV Positive
15 Tla 0.05 0 No No No Grade Il Positive
16 T2 >0.1 0 No No No Grade Il Positive
17 T1b 0.4 0 No No No Grade | Positive
18 T2 35 2c No No No Grade | Positive
19 Tla 0.05 0 No No No Grade | Positive
20 T2 0.4 0 No No No Grade | Positive




within the neoplastic cells, its potential expression
in regular vulvar squamous epithelium, which
could be found in the immediate proximity of the
carcinoma and any potential pre-cancerous lesions,
was also assessed wherever feasible. All conducted
experiments were approved by the Ethics
Committee of the Saarland Medical Association
(249/23); data handling was further in best align-
ment with the Declaration of Helsinki.'® Tissue
samples were prepared for standard immunohisto-
chemical analysis using a commercially available
anti-claudin 18.2 antibody and protocol (DCS
Diagnostics, Hamburg, Germany); the chromogen
diaminobenzidine was employed. Non-neoplastic
gastric mucosa served as an on-slide positive con-
trol (Figure 1(a)); additional on-slide negative con-
trols of claudin 18.2 negative pancreatic
adenocarcinomas confirmed specificity.

All our examined VSCC samples did not show any
immunohistochemical expression of claudin 18.2 -
regardless of clinical stage, tumor differentiation (his-
tological grading) or oncogenesis (HPV status), see
Figure 1(b,c). Furthermore, the physiological vulvar
epithelium demonstrated an absence of claudin 18.2
expression of all epithelial layers (Figure 1(d)).
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Future perspective

As an exploratory experiment, we tested a small
cohort of VSCC with regard to the immunobhisto-
chemical expression of claudin 18.2 and did not
detect any such expression. Albeit with the advantage
of a whole slide analysis performed, our potentially
treatment-relevant findings of a small cohort must
remain preliminary. Future studies, sufficiently pow-
ered to detect even potential low overall incidences of
claudin 18.2 expression, could be performed using
a resource-efficient approach such as the employ-
ment of tissue microarrays, which allows for the
implementation of a high number of tumor samples
with the combined advantages of less antibody usage.
A distinct indication to conclude a heterogeneous
protein expression of claudin 18.2 in VC and there-
fore to prefer a whole slide analysis even with larger
numbers of cases cannot be derived from our data
presented. From a clinical perspective, potential tar-
geting of claudin 18.2 in VC could highlight the
ongoing transition to a more individualized and
molecular-based oncological therapy even in rare
tumors such as VC, since tumor-agnostic therapies
(which allow for tumor entity-independent

Figure 1. While claudin 18.2 shows distinct (predominantly membranous but also faint cytoplasmatic) staining within gastric mucosa
(a), neither squamous cell carcinomas of the vulva (b, ¢) nor vulvar epithelium (d) in our study cohort immunohistochemically express

the tight junction protein of interest.
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treatment solely based on distinct molecular biologi-
cal cancer features) have yet already been implanted
within common treatment algorithms of VC.
According to the current NCCN clinical practice
guideline (Vulvar Cancer, Version 3.2024), e.g.,
NTRK gene fusions — which occur in about 0.3% of
solid tumors'” - could qualify for TRK inhibitor
(entrectinib and larotrectinib) involving second/
third-line therapy.'® As with claudin 18.2, the first
step here is immunohistochemical testing of an FFPE
tumor block to evaluate the biological plausibility
and consecutive possibility of a targeted treatment
strategy in general. However, distinct cutoff values
for claudin 18.2, which would constitute clear ther-
apeutic advantages, have not yet been established,
and current approaches favor at least >75% moder-
ate-to-strong stained cancer cells of a lesion to be
considered as ‘claudin 18.2 positive’. In contrast to
NTRK gene fusions, a positive claudin 18.2 immu-
nohistochemistry does not require affirmative mole-
cular testing.

Conclusion

In summary, histological research on claudins/tight
junctions has recently undergone a broadening of
perspective — from fundamental questions about the
pathobiological ultrastructure of epithelial tumors
to potentially therapy-relevant biomarkers. It is now
the systematic evaluation of its immunohistochemical
expression in solid epithelial tumors such as VSCC,
which will ultimately identify patients with potential
clinical benefits also besides current standards.
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