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ABSTRACT

Background. The expression and clinical correlation of BRAFV600E mutation and programmed cell death-1
ligand 1 (PD-L1) in children with Langerhans cell histiocytosis (LCH) have been reported, but the conclusions of
previous studies are inconsistent. In addition, it has been reported that elevated cathepsin S (CTSS) expression
is associated with various cancers. However, there is currently no research on the correlation between CTSS
and LCH. The aim of this study was to reassess the clinical correlation of BRAFV600E mutation and PD-L1 in
pediatric LCH and to investigate the expression and clinical correlation of CTSS in children with LCH.

Methods. A total of 35 tissue samples were analyzed for the BRAFV600E gene mutation using droplet digital
polymerase chain reaction, and 31 tissue samples were examined for CTSS and PD-L1 by immunohistochemistry.
In addition, the clinical characteristics and prognosis of these 35 pediatric patients were analyzed and
summarized.

Results. The incidence of BRAFV600E gene mutation was 34.3% (12/35). The occurrence of BRAFV600E gene
mutation was significantly associated with age <2 years and involvement of central nervous system risk sites
(66.7% and 72.7%, respectively). The expression rate of PD-L1 was 35.5% (11/31), and it was significantly
correlated with cutaneous involvement (100%, 3/3). PD-L1 expression was unrelated to BRAFV600E gene
mutation. Neither BRAFV600E gene mutation nor PD-L1 expression had a significant impact on disease
progression/reactivation and initial 6-week treatment response. CTSS was expressed positively in the lesion
tissues of all 31 children with LCH. The H-scores of CTSS were significantly associated with age <2 years. CTSS
had no significant effect on the initial 6-week treatment response, disease progression/reactivation, BRAFV600E
gene mutation, or PD-L1 expression.

Conclusions. CTSS is positively expressed in LCH, and its expression level is associated with onset age < 2
years. BRAFV600E gene mutation, PD-L1, and CTSS may not be associated with the prognosis of LCH.
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Langerhans cell histiocytosis (LCH) is an
inflammatory myeloid neoplasm’, which affects
children at an annual rate of approximately 3-9
per million? and adults at a rate of approximately
1-2 per million.® The clinical manifestations
of LCH exhibit high heterogeneity, involving

various systems throughout the body, ranging
from spontaneously regressing isolated bone
lesions or skin lesions to multisystem disease
with involvement of risk organs (RO+) that can
be life-threatening. The 5-year overall survival
rate has reached over 80%, but the incidence
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of disease progression/reactivation still ranges
between 30 and 50%.*¢ Currently, LCH is
believed to be a myeloid neoplasm driven by
abnormal activation of the mitogen-activated
protein kinase pathway.” The most common
mutated gene in this signaling pathway is
BRAFV600E, with an incidence of 36-60%.51?
In addition, inhibitors of the mitogen-activated
protein kinase pathway (dabrafenib and
trametinib) are effective and safe for LCH."

The correlation between BRAFV600E mutation
and clinical features, treatment response,
and clinical outcomes of LCH that has been
reported in different studies is inconsistent.
An international cohort study' reported an
association between BRAFV600E and younger
age at diagnosis and a higher prevalence of
multisystem involvement, high-risk disease,
and cutaneous involvement. In the entire
cohort, BRAFV600E was associated with
decreased event-free survival rates. A study’
conducted in Tiirkiye also demonstrated
that BRAFV600E mutation was significantly
associated with multisystem involvement,
younger age (<2 years), and cutaneous or special
organ involvement, and was an independent
predictor of disease recurrence. However,
research conducted in Japan revealed that the
BRAFV600E mutation showed no correlation
with gender, age at diagnosis, disease severity,
response to frontline treatment, recurrence,
or sequelae related to central nervous system
(CNS).2

Immune checkpoint programmed cell death-1
and its ligand programmed cell death-1 ligand 1
(PD-L1) are associated with the pathogenesis of
various malignancies. The positive expression
rate of PD-L1 in LCH was reported to be 32%,
and increased PD-L1 expression acted as an
independent predictor of poor disease-free
survival." However, Tandon et al.”® reported
no significant correlation between PD-L1
expression and clinical outcomes of childhood
LCH. Therefore, further research is needed to
investigate the correlation of PD-L1 expression
with clinical features, treatment response, and
clinical outcomes of LCH.
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Thus far, no biomarkers for risk stratification
have been identified in LCH.! It is necessary
to actively seek new tumor biomarkers to
improve risk stratification, identify potential
molecular targeted therapies, and reduce the
incidence of disease reactivation and sequelae
(such as diabetes insipidus, growth retardation,
sclerosing cholangitis, etc.).

Recently, it has been reported that increased
cathepsin S (CTSS) expression is associated with
different types of cancers.'*” CTSS is a papain-
type cysteine protease that is widely present
in various cells.”® Typically, the secretion of
CTSS occurs via vesicle exocytosis induced by
elevated intracellular Ca* levels, resulting in
lysosome fusion with the plasma membrane
and subsequent release of their contents into the
extracellular space.”” CTSS plays roles in antigen
presentation, cell signaling transduction, and the
promotion of chemokine or cytokine release.?
It is also involved in regulating multiple
pathophysiological ~ processes,  including
immune response modulation, angiogenesis
and remodeling, as well as the promotion of
tumor cell proliferation and metastasis.”® The
hydrolytic cleavage of specific proteins by CTSS
contributes to pro-tumorigenic conditions,
influences signaling pathways, and promotes
tumor cell metastasis.'® However, to the best of
our knowledge no studies have yet explored the
relationship between CTSS and LCH. Therefore,
we hypothesize that there is a relationship
between CTSS and LCH.

Herein, this study reassessed the expression
and clinical correlation of BRAFV600E
mutations and PD-L1 in children with LCH,
meanwhile, investigating the expression of
CTSS in pediatric LCH and its relationship with
the clinical characteristics, treatment response,
and prognosis of LCH.

Materials and Methods

Patients

A total of 35 children with LCH admitted
for inpatient treatment at the Department
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of Pediatric Hematology and Oncology, the
Affiliated Hospital of Qingdao University
from January 1, 2018, to September 30, 2023,
were selected for the study. The diagnosis of
LCH relied on the pathological biopsy results
of affected tissues, with confirmation by
immunohistochemical staining for CDla and
CD207 (Langerin) positivity.” Patients were
classified into single-system involvement and
multisystem involvement based on the number
of affected systems. Risk organs (RO) included
the hematopoietic system / bone marrow,
liver, and spleen.®” CNS-risk sites included
craniofacial, ocular, auricular, and oral regions.®”
This study was approved by the Medical Ethics
Committee of the Affiliated Hospital of Qingdao
University and complied with the requirements
of the Helsinki Declaration revised in 2013, with
informed consent obtained from the guardians
of the children.

LCH treatment regimens and assessment
criteria for treatment response

Treatment for all patients with LCH followed a
stratified approach based on clinical risk, and the
chemotherapy regimen was LCH-IIL” Targeted
therapy with dabrafenib (initiated during the
induction phase and continued throughout
the entire treatment course) was added to
the treatment for patients with BRAFV600E
mutation. The chemotherapy regimen for
patients with disease progression/reactivation
was the BCH-LCH 2014 protocol (a combination
of cytarabine, vindesine, and dexamethasone).®
Treatment response was categorized as
follows: 1) nonactive disease, 2) active disease/
better (AD-better), 3) AD/intermediate (AD-
intermediate), and 4) AD/worse (AD-worse).”
Response to treatment included nonactive
disease and AD-better. Disease progression
comprised AD-intermediate and AD-worse.
Reactivation was defined as the reappearance
of signs and symptoms of active disease after
complete remission or after a disease control
period lasting more than 3 months following
maintenance therapy.°®
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Droplet digital polymerase chain reaction
(DDPCR) for BRAFV600E mutation detection

The BRAFV600E mutation was detected by
DDPCR (the most sensitive method?!). Tissue
DNA was extracted from unstained paraffin-
embedded tissue at diagnosis using the
GeneRead DNA FFPE Kit (180134, QIAGEN,
Hilden, Germany). BRAFV600E mutation
detection was performed using the DDPCR
System (SG-2000, Suzhou RainSure Scientific
CO., LTID., Suzhou, Jiangsu, China). DDPCR-
related reagents were purchased from Suzhou
RainSure Scientific CO., LTD. The reaction
program included a pre-denaturation step at
95 °C for 10 min, followed by 40 amplification
cycles of 95.3 °C for 30 s and 57 °C for 1 min,
and a final extension at 98 °C for 10 min, with
a holding step at 20 °C for 2 min. The detection
limit was set at 0.1%. Primers and probes were
designed using AlleleID (version 6.0, PREMIER
Biosoft, Palo Alto, CA, USA) as follows:

Forward primer:
5-TGCTTGCTCTGATAGGAAAATGA-3

Reverse primer:
5'-CCATCCACAAAATGGATCCAGAC-3

Wild-type probe: FAM-
AGCTACAGTGAAATC-MGB

Mutant probe: VIC-
AGCTACAGAGAAATCTC-MGB

Immunohistochemistry (IHC) for PD-L1 and
CTSS

IHC was performe d on formalin-fixed paraffin-
embedded tissue sections. Continuous formalin-
fixed paraffin-embedded tissue sections (4-um
thick) were deparaffinized and hydrated. After
heat-induced antigen retrieval, endogenous
peroxidase was blocked with 3% H,O,. Non-
specific antigens were blocked with 5% goat
serum. The sections were then incubated
with anti-PD-L1 rabbit monoclonal antibody
(SP142, working solution, 08008540001, Roche
Diagnostics GmbH, Tucson, AZ, USA) and
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rabbit monoclonal antibody against CTSS
(EPR5128, 1:250, ab134157, Abcam, Cambridge,
UK. at 37 °C for 60 min. Subsequently, the
sections were incubated with HRP-conjugated
goat anti-rabbit secondary antibody (1:250,
ab6721, Abcam, Cambridge, U.K.) at 37 °C for
30 min. After incubation, the sections were
stained with diaminobenzidine chromogen
solution (ab64238, Abcam, Cambridge, U.K.)
and observed under an optical microscope. All
experiments were repeated twice. Selected cases
underwent dual IHC using the VECTASTAIN®
ABC kit (PK-6200 and AK-5200, Vecort
Laboratories, Burlingame, CA, USA) and
substrate kits (diaminobenzidine substrate
kit, SK-4100 and VECTOR Red Substrate Kkit,
SK-5100, Vecort Laboratories, Burlingame,
CA, USA) according to the manufacturer’s
instructions for CTSS (ab134157, Abcam,
Cambridge, U.K.,, 1:250) and Langerin (1:500,
bs-2650R, Beijing Biosynthesis Biotechnology
Co., Ltd., Beijing, China) staining.

IHC was performed on tissue samples
from 31 patients, as the remaining 4
patients had insufficient tissue samples.
Immunohistochemical results were assessed
by experienced pathologists. PD-L1 staining
in > 5% of total cells was considered positive.”
A semi-quantitative scoring system using the
H-score was applied. The staining percentage
(0-100%) and intensity (0-3: 0, negative; 1, weak;
2, moderate; 3, strong) of CTSS in the lesions
were evaluated, and the H-score was calculated
using the following formula (0-300): H-score =
(% of cells of weak intensity x 1) + (percentage
of cells of moderate intensity x 2) + (percentage
of cells of strong intensity x 3).”

Statistical analysis

Data analysis was performed using IBM SPSS
Statistics (version 26, International Business
Machines Corporation, Amonk, NY, USA).
Continuous variables are expressed as mean
+ standard deviation (xts). For intergroup
quantitative comparisons, t-test was used
if the data met the normal distribution, and
the Mann-Whitney U test was used if the
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normal distribution assumption was violated.
Qualitative data are reported as percentages,
and the Fisher's exact test was employed.
Multivariate analysis was conducted by logistic
regression analysis. A p-value < 0.05 was
considered statistically significant.

Results

General clinical features

Bone involvement (94.3%) was the most
common. Multisystem involvement occurred
in 65.7% of cases. RO involvement was
observed in 22.9% of cases, with the liver
being the most frequently affected organ
(14.3%). Liver involvement mainly manifested
as hepatomegaly, with two cases progressing
to cholangitis (one with intrahepatic bile
duct stones). BRAFV600E gene mutation was
detected in 12 cases (34.3%), with 83.3% (10/12)
of them receiving targeted therapy (dabrafenib).
The overall rate of response to treatment for the
35 patients was 85.7%. The incidence of disease
progression/reactivation was 14.3% (5/35). See
Table I for basic clinical characteristics.

Association of BRAFV600E gene mutation
with clinical features, treatment response, and
prognosis

The incidence of BRAFV600E gene mutation
was 34.3% (12/35). The mutation rates in the
< 2 years age group and > 2 years age group
were 66.7% and 17.4%, respectively, with a
statistically significant difference (P <0.05). The
mutation rates in the CNS-risk site involvement
group and non-CNS-risk site involvement
group were 72.7% and 16.7%, respectively, with
a statistically significant difference (P < 0.05).
BRAFV600E gene mutation was not associated
with gender, RO+, multisystem involvement,
CNS involvement, bone involvement, skin
involvement, lymph node involvement,
pituitary involvement, initial 6-week treatment
response, or disease progression/reactivation,
with no statistically significant differences (P >
0.05); see Table II for details.
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Table I. General clinical characteristics of 35 children
with LCH.

g @
Characteristics Fé g O\E
2 2
Gender
Male 19 54.3
Female 16 45.7
Age (years)
<2 12 34.3
>2 23 65.7
Involvement of sites
Skin 4 11.4
Bone 33 94.3
CNS-risk site 11 314
CNS 8 229
Liver 5 14.3
Spleen 4 114
Hematopoietic system/bone 3 8.6
marrow
Lung 4 11.4
Lymph node 6 17.1
Endocrine system (pituitary) 3 8.6
Involvement of systems
Single system 12 34.3
Multisystem 23 65.7
Risk organ involvement
Yes 8 22.9
No 27 77.1
Complication: HLH 1 2.9
Targeted therapy (dabrafenib) 10 28.6
Response to treatment 30 85.7
Treatment with dabrafenib 7 70.0
Treatment without dabrafenib 23 92.0
Initial 6-week treatment response 29 82.9
Treatment with dabrafenib 6 60.0
Treatment without dabrafenib 23 92.0
Progress/reactivation 5 14.3
Risk organ involvement 2 40.0
Without risk organ involvement 3 60.0
Deaths 0 0

CNS, central nervous system; HLH, hemophagocytic
lymphobhistiocytosis; LCH, Langerhans cell histiocytosis.
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Association of PD-L1 expression with clinical
features, treatment response, and prognosis

The expression rate of PD-L1 was 35.5% (11/31).
The expression rates in the skin involvement
group and non-skin involvement group were
100% (3/3) and 28.6% (8/28), respectively, with
a statistically significant difference (P = 0.037).
PD-L1 expression showed no correlation
with gender, age at onset, BRAFV600E gene
mutation, RO+, multisystem involvement,
CNS involvement, CNS-risk site involvement,
bone involvement, lymph node involvement,
pituitary involvement, initial 6-week treatment
response, or disease progression/reactivation,
with no statistically significant differences (P >
0.05); see Table III for details.

Relationship of CTSS expression with clinical
features, treatment response, and prognosis

CTSS showed positive expression in tissues of
all 31 children (Fig. 1). The expression levels of
CTSS in the <2 years age group and > 2 years age

Fig. 1. Immunohistochemical staining: (A) Dual

immunohistochemical staining, CD207+ (red),
cathepsin S (CTSS)+ (brown), original magnification
x400. (B) Immunohistochemical staining, CTSS+
(brown), original magnification x400.
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Table II. The correlation between BRAFV600E gene mutations and clinical characteristics, treatment response,

and prognosis in children with LCH (n=35).

Factors BRAFV600E (+), n (%) BRAFV600E (-), n (%) P value*

Gender 0.311
Male 5(26.3) 14 (73.7)
Female 7 (43.8) 9 (56.2)

Age (years) 0.007
<2 8 (66.7) 4 (33.3)
>2 4 (17.4) 19 (82.6)

Risk organ involvement 0.11
Yes 6 (75.0) 2 (25.0)
No 6 (22.2) 21 (77.8)

Multisystem involvement 0.149
Yes 10 (43.5) 13 (56.5)
No 2 (16.7) 10 (83.3)

CNS-risk site involvement 0.002
Yes 8(72.7) 3(27.3)
No 4 (16.7) 20 (83.3)

CNS involvement 0.216
Yes 1(12.5) 7 (87.5)
No 11 (40.7) 16 (59.3)

Bone involvement 1.000
Yes 11 (33.3) 22 (66.7)
No 1(50.0) 1 (50.0)

Skin involvement 0.106
Yes 3 (75.0) 1(25.0)
No 9 (31.0) 22 (69.0)

Lymph node involvement 0.151
Yes 4 (66.7) 2 (33.3)
No 8 (29.6) 21 (70.4)

Endocrine system (pituitary) involvement 0.266
Yes 2 (66.7) 1(33.3)
No 10 (31.3) 22 (68.7)

Initial 6-week treatment response 0.151
Response 8 (27.6) 21 (72.4)
No response 4 (66.7) 2 (33.3)

Progress/reactivation 0.313
Yes 3 (60.0) 2 (40.0)
No 9(30.0) 21 (70.0)

(+), mutation positive; (-), mutation negative CNS, central nervous system; LCH, Langerhans cell histiocytosis.

* Fisher's exact test.
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Table III. The correlation between PD-L1 expression and clinical characteristics, treatment response, and

prognosis in children with LCH (n=31).

Factors PD-L1 (+), n (%) PD-L1 (-), n (%) P value*

Gender 0.716
Male 5(31.3) 11 (68.7)
Female 6 (40.0) 9 (60.0)

Age (years) 0.423
<2 5 (50.0) 5(50.0)
>2 6 (28.6) 15 (71.4)

BRAFV600E gene mutation 0.452
+) 5 (45.5) 6 (54.5)
-) 6 (30.0) 14 (70.0)

Risk organ involvement 0.405
Yes 4 (50.0) 4 (50.0)
No 7 (30.4) 16 (69.6)

Multisystem involvement 1.000
Yes 8(38.1) 13 (61.9)
No 3(30.0) 7 (70.0)

CNS-risk site involvement 1.000
Yes 4 (40.0) 6 (60.0)
No 7 (33.3) 14 (66.7)

CNS involvement 1.000
Yes 3 (37.5) 5 (62.5)
No 8 (34.8) 15 (65.2)

Bone involvement 0.355
Yes 10 (33.3) 20 (66.7)
No 1 (100) 0(0)

Skin involvement 0.037
Yes 3 (100) 0 (0)
No 8 (28.6) 20 (71.4)

Lymph node involvement 1.000
Yes 2 (40.0) 3 (60.0)
No 9 (34.6) 17 (65.4)

Endocrine system (pituitary) involvement 0.281
Yes 2 (66.7) 1(33.3)
No 9(32.1) 19 (67.8)

Initial 6-week treatment response 0.638
Response 8 (32.0) 17 (68.0)
No response 3 (50.0) 3 (50.0)

Progress/reactivation 0.317
Yes 3 (60.0) 2 (40.0)
No 8 (30.8) 18 (69.2)

(+), expression positive; (-), expression negative; CNS, central nervous system;LCH, Langerhans cell histiocytosis; PD-L1,

programmed cell death-1 ligand 1.
* Fisher's exact test.
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group were 216.00 + 35.65 and 169.05 + 63.79,
respectively, with a statistically significant
difference (P < 0.05). CTSS expression showed
no correlation with gender, multisystem
involvement, RO+, CNS-risk site involvement,
CNS involvement, bone involvement, skin
involvement, lymph node involvement,
pituitary involvement, initial 6-week treatment
response, disease progression/reactivation,
BRAFV600E gene mutation, or PD-L1
expression, with no statistically significant
differences (P > 0.05, Table IV).

Characteristics of children aged < 2 years

The incidence of multisystem involvement in
the <2 years age group and > 2 years age group
was 91.7% and 52.2%, respectively (P < 0.05).
The incidence of risk organ involvement in the
< 2 years age group and > 2 years age group
was 58.3% and 4.3%, respectively (P < 0.05).
The mutation rates of BRAFV600E in the < 2
years age group and > 2 years age group were
66.7% and 17.4%, respectively (P < 0.05). The
expression levels of CTSS in the < 2 years age
group and > 2 years age group were 216.00 +
35.65 and 169.05 + 63.79, respectively (P < 0.05),
all exhibiting statistically significant differences
(details presented in Table IV and TableV).

Multivariate analysis of the relationship of
the prognosis (progression / reactivation) of
LCH with CTSS, BRAFV600E gene mutations,
and PD-L1

The results of the logistic regression analysis
showed that CTSS expression, BRAFV600E gene
mutations, and PD-L1 expression in tissue were
not associated with the prognosis (progression/
reactivation) of LCH, with no statistically
significant differences (P>0.05).

Discussion

In our study, the incidence of the BRAFV600E
gene mutation was 34.3%, and
significantly associated with age < 2 years and
involvement of CNS risk sites. The positive
expression rate of PD-L1 was 35.5%, and it

it was
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was significantly correlated with cutaneous
involvement (notably, only three children
exhibited cutaneous involvement). CTSS was
positively expressed in the lesion tissues of all
children with LCH. The H-scores of CTSS were
significantly associated with age <2 years.

The reported incidence of tissue BRAFV600E
gene mutations vary among different research
centers. The reported incidence of BRAFV600E
gene mutations in China ranges from 30 to 60%,
and the incidence in East Asian populations may
be lower than that in other ethnic groups.'®!!!4
In this study, the incidence of BRAFV600E gene
mutations was 34.3%, which is consistent with
the aforementioned research findings but lower
than the results reported in an international
cohort study (50.7%)."? This may be due to
the preservation time of the specimen, the
abundance of tumor tissue within it, or the
relatively small sample size. BRAFV600E gene
mutations were correlated with onset age < 2
years, consistent with the findings of previous
studies. Additionally, this study found a
correlation between BRAFV600E mutation and
CNS-risk site involvement, consistent with
the results of a previous study.'”? BRAFV600E
gene mutation was not associated with RO+,
multisystem  involvement, initial 6-week
treatment response, or disease progression
/ reactivation in this study, consistent with
previous research reports.'** A recent study
by Tandon et al.’® reported no significant
correlation between BRAFV600E expression
and clinical outcomes (early treatment response,
reactivation rate, and late sequelae) in children
with LCH, which is consistent with the findings
of this study. A previous study' reported a
significant correlation between BRAFV600E
gene mutation and increased PD-L1 expression;
however, this association was not observed in
this study. Additional investigation is required
to confirm the correlation between BRAFV600E
and PD-L1. Therefore, BRAFV600E gene
mutation may not be used as a biomarker for
risk stratification in LCH currently.

The effect of adding dabrafenib on the induction
response and outcomes during follow-up
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Table IV. The relationship between CTSS expression and clinical characteristics, treatment response, and
prognosis in children with LCH (n=31).

CTSS expression (H-score,

Factors Number (%) mean + standard deviation) Tvalue P value

Gender -0.576 0.569
Male 16 (51.6) 178.13 + 56.83
Female 15 (48.4) 190.67 + 64.42

Age (years) 2.16 0.039
<2 10 (32.3) 216.00 + 35.65
>2 21 (67.7) 169.05 + 63.79

BRAFV600E gene mutation 0.271 0.789
Positive 11 (35.5) 188.18 + 44.23
Negative 20 (64.5) 182.00 + 68.02

PD-L1 expression 1.501 0.144
Positive 11 (35.5) 202.73 +39.01
Negative 20 (64.5) 174.00 + 67.54

Risk organ involvement 1.823 0.079
Yes 8 (25.8) 216.25 + 39.62
No 23 (74.2) 173.04 + 62.41

Multisystem involvement -1.698 0.117
Yes 21 (67.7) 199.05 + 41.58
No 10 (32.3) 153.00 + 80.84

CNS-risk site involvement 0.494 0.625
Yes 10 (32.3) 192.00 + 51.81
No 21 (67.7) 180.48 + 64.30

CNS involvement 0.517 0.609
Yes 8 (25.8) 193.75 + 45.02
No 23 (74.2) 180.87 + 64.87

Skin involvement -0.125 0.901
Yes 3(9.7) 180.00 + 34.64
No 28 (90.3) 184.64 + 62.45

Lymph node involvement 1.138 0.264
Yes 5(16.1) 212.00 + 47.64
No 26 (83.9) 178.85 + 61.34

Endocrine system (pituitary) involvement -1.941 0.192
Yes 3(9.7) 153.33 + 41.63
No 28 (90.3) 200.00 + 0.00

Initial 6-week treatment response -0.486 0.631
Response 25 (80.6) 181.60 + 64.27
No response 6(19.4) 195.00 + 39.37

Progress/reactivation 0.072 0.943
Yes 5(16.1) 186.00 + 36.47
No 26 (83.9) 183.85 + 64.00

LCH, Langerhans cell histiocytosis; CTSS, Cathepsin S; PD-L1, programmed cell death-1 ligand 1; CNS, central nervous
system; (+), positive; (-), negative.

554 The Turkish Journal of Pediatrics = July-August 2025



Turk | Pediatr 2025; 67(4): 546-558

Table V. Characteristics of children aged < 2 years (n=35).

Expression and Clinical Correlation of CTSS in LCH

Characteristics <2 years, n (%) >2 years, n (%) P value®
Multisystem involvement 0.027
Yes 11 (91.7) 12 (52.2)
No 1(8.3) 11(47.8)
Risk organ involvement <0.001
Yes 7 (58.3) 1(4.3)
No 5(41.7) 22 (95.7)
BRAFV600E gene mutation 0.007
Yes 8 (66.7) 4(17.4)
No 4 (33.3) 19 (82.6)

CNS, central nervous system; LCH, Langerhans cell histiocytosis.

* Fisher’s exact test.

requires confirmation through a clinical trial. In
this study, only 12 cases (due to the relatively
small sample size) were BRAFV600E mutation-
positive, and 2 of these cases did not receive
dabrafenib treatment. Consequently, our study
did not perform statistical analysis or evaluation
of the therapeutic effect of dabrafenib.

The expression of PD-L1 in CD11C cells within
lung lesions of LCH mice was significantly
higher.? A study” conducted in Japan found that
the expression rates of programmed cell death-1
and PD-L1 in six patients with musculoskeletal
LCH were 16.6% and 83.3%, respectively,
suggesting that the programmed cell death-1 /
PD-L1immune checkpoint molecules may play a
rolein the microenvironment of musculoskeletal
LCH. Another study' with a large sample size
reported that the positive expression rate of PD-
L1 in LCH was 32%, showing no association
with age, gender, multisystem involvement,
or RO+. This is consistent with the findings of
our study, where the PD-L1 expression rate
was 35.5%. This study showed that PD-L1
expression was not correlated with the initial
6-week treatment response and progression/
reactivation of LCH, consistent with recent
findings by Tandon et al."” where they found
that PD-L1 was not significantly correlated
with the clinical outcomes (early treatment
response, reactivation rate, and late sequelae)
of children with LCH. However, Zeng et al."*
reported that BRAF mutation and increased PD-
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L1 expression were independent predictors of
adverse disease-free survival, and BRAFV600E
mutation was significantly correlated with
increased PD-L1 expression. This study found a
correlation between PD-L1 expression and skin
involvement (however, there were only three
cases of children with skin involvement) but not
with BRAFV600E mutation, bone, lymph node,
CNS or CNS-risk site involvement. Therefore,
the correlation between PD-L1 and LCH
requires further research, and currently, it may
not be used as a biomarker for risk stratification
in LCH.

CTSS is primarily found in the lysosomal/
endosomal compartment of antigen-presenting
cells (such as B cells, macrophages, and
dendritic cells), but it can also be produced
by epithelial cells, smooth muscle cells,
endothelial cells, and neutrophils.'” Moreover,
CTSS can also originate from tumor cells
themselves or from other cell types in the tumor
microenvironment, such as endothelial cells,
macrophages, and T cells.'® The pathological
feature of LCH is granulomatous lesions,
consisting of CDla+ and CD207+ histiocytes/
dendritic cells and abundant inflammatory
background cells, including T cells, neutrophils,
eosinophils, B cells, monocytes, macrophages,
and multinucleated giant cells', while the
predominant cellular populations in the
immune microenvironment are M2-polarized
macrophages and regulatory T cells.”” Therefore,
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immunohistochemical detection in this study
showed that CTSS was expressed in all 31 LCH
patients, and it was associated with age < 2
years. CTSS from infiltrating immune cells and
endothelial cells in the tumor further influences
the tumor microenvironment!®, and studies
have confirmed that CTSS mutations induce a
tumor-promoting immune microenvironment
in follicular lymphoma.”® Thus, considering
the expression of CTSS in LCH lesion tissues,
we speculate that CTSS may be involved in the
pathogenesis of LCH.

Given the expression of CTSS in LCH lesion
tissues, CTSS may potentially serve as a
therapeutic target. The reasons are as follows:
Firstly, loss of CTSS activity reduces lymphoma
growth by limiting communication with CD4+
T follicular helper cells, while inducing antigen
diversification and activation of CD8+ T cells.”’
Secondly, CTSS inhibition has non-redundant
therapeutic potential in enhancing anti-tumor
immune responses in indolent and invasive
lymphomas.” Finally, targeting CTSS can
induce autophagy by activating the epidermal
growth factor receptor (EGFR) / rat sarcoma
virus oncogene (Ras) / mitogen-activated protein
kinase (MEK) / extracellular signal-regulated
kinase (ERK) signaling pathway®, indicating
that it is a potential therapeutic target."”

The limitations of this study mainly include the
relatively small sample size (associated with
the rarity of the disease) and the possibility of
admission rate bias. Future research should
focus on multi-center studies with larger sample
sizes or the construction of LCH cell lines/
animal models to further investigate the role of
the CTSS gene in the pathogenesis of LCH.

In summary, CTSS is expressed positively in
LCH, and its expression level is associated with
age < 2 years. BRAFV600E gene mutation, PD-
L1, and CTSS may not be associated with the
prognosis of LCH.
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