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Clinicopathological correlation of Cathepsin ==

K expression in salivary gland carcinomas;
relation to patients’ outcome

Heba Ahmed Elhendawy' and Samar Soliman'”

Abstract

Background Salivary gland carcinomas (SGCs) represent various groups of tumors that demonstrate marked diver-
sity in their prognosis owing to different histology and clinical characteristics. One of the poor prognostic indicators
is distant metastasis which is considered the major reason for death in SGC patients. Discovering new biomarkers is
urgently required to aid in the detection of cancer onset and progression. Cathepsin K (CTSK), the lysosomal cysteine
protease has a principal role in cancer invasion and progression through interaction with the tumor microenviron-
ment, degradation of extracellular membrane proteins and destruction of the elastic lamina of blood vessels. In the
English literature, little information was present about the role of CTSK in SGCs. The current study aimed to assess
the immunohistochemical expression of CTSK in SGCs and correlate its expression to different clinicopathologic
parameters.

Methods The retrospective study applied to 45 cases of SGCs categorized as high-grade (33 cases) and low-grade
SGCs (12 cases) following the criteria of WHO classification (2017) of head and neck tumors. All patients’ clinicopatho-
logical and follow-up records were retrieved. The following statistical tests were used to study the variance of CTSK
expression in SGCs concerning different clinicopathological parameters; Pearson’s Chi-square test, unpaired two-
tailed student t-test, One-way ANOVA, and Post Hoc tests. Disease-free survival (DFS) and Overall survival (OS) were
calculated and displayed with the Kaplan—Meier strategy and analyzed with the log-rank test. Univariate and multi-
variate survival analyses were performed with Cox regression. A P-value lesser than 0.05 was considered statistically
significant.

Results Strong CTSK expression was significantly related to high-grade SGCs (P=0.000), large infiltrating carcinomas
(P=0.000), presence of nodal (P=0.041) and distant metastasis (P=0.009), advanced TNM clinical stage (P=0.000),

the incidence of recurrence (P=0.009), and reduced DFS (P=0.006). Distant metastasis was the independent predic-
tor for DFS using Cox regression model.

Conclusions CTSK has a great role in cancer progression by triggering many signaling pathways. Its level in cancer-
ous tissue is considered an effective index for predicting the severity and prognosis of cancer. Therefore, we indicate
its utility as a prognostic tool and therapeutic target for cancer treatment.
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Background

Salivary gland carcinomas (SGCs) represent various
groups of tumors with different clinical characteristics
and morphological patterns making them difficult to
classify, identify, and treat [1, 2]. Additionally, because
of their unexpected prognosis, SGCs play a significant
role in the field of oral and maxillofacial pathology [3,
4]. Mucoepidermoid carcinoma (MEC) and adenoid
cystic carcinoma (AdCC) are the most common SGCs
[4]. Malignant salivary gland tumors demonstrate
marked diversity in their prognosis owing to differ-
ent histologies, the age of the patient, and the status of
metastasis and local invasion. Generally, children and
teenagers often have a better prognosis than adults
owing to the more distinct histology, the rarity of local
invasion, and the lower rate of cervical metastasis [5, 6].

Among the poor prognostic indicators of survival,
distant metastasis is considered the major reason
of death for patients who are diagnosed with SGCs.
Metastasis often involves the lungs, bone, liver, soft
tissue, lymph nodes, and the brain [7-11]. Nodal and
distant metastasis, high incidence of recurrence, and
reduced survival often were reported in high-grade
MEC, AdCC, and Carcinoma ex pleomorphic adenoma
(CXPA). On the other hand, acinic cell carcinoma
(ACC) showed better 5-year survival (75-96%), and
lower incidence of cervical neck metastasis and distant
metastasis [12—-17].

Cancer is considered the second cause of death follow-
ing ischemic heart disease, and by 2060 it will become
the first [18]. There is an urgent need for discovering new
biomarkers that aid in the early detection of cancer onset
and progression [19, 20]. Cathepsin K (CTSK) is one of
the lysosomal cysteine proteases and the most powerful
collagenolytic endopeptidase. CTSK has high osteoclast
expression and has an important role in bone resorption
[21, 22]. CTSK has a principal role in cancer invasion and
progression through interaction with the tumor micro-
environment, degradation of extracellular membrane
proteins, and destruction of the elastic lamina of blood
vessels [23, 24]. Today, high CTSK expression has been
reported in several neoplasms of epithelial and mesen-
chymal origin. Many pathways may be triggered in the
mechanism by which CTSK could promote the prolif-
eration, invasion, and migration of tumor cells (RANK/
RANKL, TGF-B, mTOR, and Wnt/B-catenin pathways).
Recently, the utility of CTSK inhibitors in cancer treat-
ment reached some progress [25]. In the literature review,
little information was present about the role of CTSK in
salivary gland tumors. Therefore, the current study aimed
to assess the immunohistochemical expression of CTSK
in SGCs and correlate the expression to different clinico-
pathological parameters.
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Material and methods

Patients’ selection and data retrieval

The present retrospective study worked on 45 SGCs
that were selected from the archives of the Pathology
laboratory and Oncology unit of the Oncology Center,
Faculty of Medicine, Mansoura University. The study
included 33 cases of high-grade SGC: (13 cases of high-
grade MEC, 12 cases of AACC, 8 cases of CXPA), and
12 cases of low-grade SGC (7 cases of low-grade MEC
and 5 cases of acinic cell carcinoma (ACC) following
the criteria of (2017) WHO classification of head and
neck tumors [26]. Five blocks of normal salivary gland
tissue that are present in the mucocele were used as a
control group. Patients’ clinicopathological and follow-
up records were retrieved. All cases that were included
in our study were primary SGCs that received surgical
treatment and had follow-up records for three years.
Cases with missed follow-up records or had small-sized
tissue biopsies were excluded from the selection. The
follow-up of the patients started after completion of the
treatment by clinical examination and ultrasonography
for the head and neck region, chest X-ray, bone scan,
and abdominal ultrasonography were performed when
relapse was suspected. Three years® overall survival (OS)
and disease-free survival (DFS) data were obtained from
the medical reports.

Immunohistochemistry

The formalin fixed paraffin embedded tissue blocks
were cut at 4 pm thickness. Tissue sections were placed
on coated slides. Deparaffinization then rehydration in
descending grades of alcohol followed by water. Anti-
gen retrieval was performed with 0.01 M citric acid
buffer (pH=6.0) and heated for 10 min in a microwave.
Then, sections were incubated in a blocking medium
(3% H202) for 5 min followed by washing with dis-
tilled water. Anti CTSK (3F9, Abcam, 1:300) was used.
Immunoreaction was performed using the streptavidin—
biotin complex method and overnight incubation, the
tissue sections were evaluated in a semiquantitative way
assessing both staining intensity and percentage of posi-
tive cells as previously described [27-29]. The resulting
score was calculated by multiplying the staining intensity
(0=no staining, 1 =mild staining, 2=moderate staining,
and 3 =strong staining) by the percentage of immunore-
active tumor cells (0 to 100). The immunostaining was
considered 0 or negative when the score was<25; 1+or
weak for score 26 to 100; 2 + or moderate for score 101 to
200; and 3 + or strong for score 201 to 300.

Statistical analysis
The analysis of data was done by One-way ANOVA and
Post hoc tests to study the variance of CTSK expression
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in SGCs concerning different clinicopathological
parameters. The Chi-square test also was used for
data analysis. Two-sided P-values were detailed for all
investigations. Disease-free survival (DFS) and Overall
survival (OS) were calculated and displayed with the
Kaplan—Meier strategy and analyzed with the log-rank
test. Univariate and multivariate survival analyses were
performed with the Cox regression model to detect the
independent prognostic factor. A P-value lesser than
0.05 was considered statistically significant. Statis-
tical analysis of the data was done by using the Excel
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program and Statistical Package for Social Science
(SPSS) version 22 program.

Results

Clinicopathological characteristics of the considered cases
As shown in Table 1, a total of 45 patients of SGCs were
distinguished and involved in the study. Concerning gen-
der, our work included 27 females (60%) and 18 males
(40%), with female to male ratio of 1.5 to 1. The age range
of the studied cases was from 35 to 90 years, with a mean
of 65.69 years.

Table 1 Clinicopathologic characteristics of the worked cases of SGCs

Clinicopathologic variables frequency %
Patient gender male 18 40.0
female 27 60.0
Tumor type Low-grade MEC 7 15.6
High-grade MEC 13 289
Adenoid cystic carcinoma 12 26.7
Carcinoma ex pleomorphic adenoma 8 17.8
Acinic cell carcinoma 5 11.1
Histologic grade Low-grade carcinomas 12 26.7
High-grade carcinomas 33 733
Tumor site parotid salivary gland 23 51.1
Submandibular salivary gland 12 26.7
Soft and hard palate minor salivary glands 5 1.1
Sublingual major salivary gland 4 89
Retromolar mucosa 1 2.2
Tumor size T 7 156
T2 12 26.7
T3 17 37.8
T4 9 20.0
Status of nodal involvement positive nodal involvement 26 57.8
negative nodal involvement 19 422
Distant metastasis present 17 37.8
absent 28 62.2
TNM stage stage | 7 15.6
stage Il 6 133
stage lll 13 289
stage IV 19 422
Incidence of recurrence Present 17 378
Absent 28 62.2
Incidence of death Died 5 11.1
Alive 40 88.9
CTSK expression Negative expression 8 17.8
Weak expression 8 17.8
Moderate expression 6 133
Strong expression 23 51.1
Total 45 100

Frequency table
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The study included 13 cases (28.9%) of high-grade
MEC, 12 cases (26.7%) of AACC, eight cases (17.8%) of
CXPA, seven cases (15.6%) of low-grade MEC, and five
cases (11.1%) of ACC. The parotid salivary gland was the
most prevalent site of SGCs, more than one-half of the
worked cases aroused from that gland (23 cases, 51.1%).
The submandibular major salivary gland is the second
site of involvement (12 cases, 26.7%), then minor sali-
vary glands in the soft and hard palate (5 cases, 11.1%),
followed by the sublingual major salivary gland (4 cases,
8.9%), and finally mucosa of the retromolar region (one
case, 2.2%). Regarding tumor size, the greater number of
the worked cases were large-sized carcinomas encoun-
tered in T3 and T4 (26 cases, 57.7%), while the remain-
ing 19 cases (42.2%) were small-sized carcinomas (T1
and T2). According to the status of nodal and distant
metastasis, 26 cases (57.8%) had positive tumor depos-
its in lymph nodes and 17 cases (37.8%) were reported to
have distant metastasis to lung, brain, and bone that was
confirmed by ultrasonography. During the three-years
follow-up period, recurrence was reported in 17 cases
(37.8%) and five cases (11.1%) died due to secondary
complications associated with the disease.

Cathepsin K (CTSK) immunohistochemical expression

concerning the different clinicopathological variables

CTSK was not detected in the normal salivary gland
tissue. In SGCs, CTSK was present mainly in carci-
noma cells, but sometimes present in stromal cells.
CTSK-positive cells at the stroma were present sur-
rounding the invasive front. we observed that meta-
static SGC cells in lymph nodes were also positive for
CTSK (Fig. 1). The vast majority of metastasis-free
lymph nodes did not express CTSK. A higher percent-
age of the worked cases had positive CTSK expressions
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(82.2%), and only eight of the worked cases had nega-
tive expressions (17.8%). Weak expression was observed
in eight cases (17.8%), six cases (13.3%) showed moder-
ate expression and 23 cases (51.1%) had strong CTSK
expression. Regarding patient gender, tumor site,
and the incidence of death, Pearson Chi-square test
revealed no statistically significant differences in CTSK
expression among the different groups (P values were
0.799, 0.801, and 0.0.078 respectively). On the other
hand, there were statistically significant differences in
CTSK expression concerning the following variables;
histologic grade of tumor (P=0.000), histologic type of
carcinoma (P=0.000), size of the tumor (P=0.000), the
status of nodal involvement (P=0.041), distant metas-
tasis (P=0.009), TNM clinical stage (P=0.000), and the
incidence of recurrence (P=0.009).

High-grade tumors revealed mainly strong (23 cases,
69.7%) and moderate (6 cases, 18.2%) CTSK expression.
On contrary, low-grade carcinomas demonstrated weak
(8 cases, 66.7%) and negative (4 cases, 33.3%) expres-
sion (Table 2). High-grade MEC mainly presented strong
CTSK expression (10 cases, 76.9%), about two-thirds of
AdCC presented strong expression of CTSK (8 cases,
66.7%) and five out of eight cases (62.5%) of CXPA had
strong expression. Moderate CTSK expression was char-
acteristically observed only in high-grade carcinomas;
one case of high-grade MEC (7.7%), three cases of AdCC
(25%), and two cases of CXPA (25%). Low-grade carcino-
mas mainly presented weak CTSK expression; five cases
of low-grade MEC (71.4%) and three cases of ACC (60%).
Negative CTSK expression was observed in two cases of
ACC (40%), two cases of low-grade MEC (28.6%), two
cases of high-grade MEC (15.4%), one case of AdCC
(8.3%), and one case of CXPA (12.5%, Fig. 2, collected
Figs. 3, 4).

i

Fig. 1 Positive CTSK expression in the cancerous cells that reveal perineural (A), and lymphovascular invasion (B) (x 400)
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Table 2 Cathepsin Kimmunohistochemical expression concerning the different histologic grades using Pearson chi-square test

Histologic grade Cathepsin K Total Pearson Chi-
- Square Asymp. Sig.
Negative or Weak Moderate or Strong (2-sided)
expression expression
Low grade carcinomas 12 0 12 .000
% within Histologic grade 100.0% 0.0% 100.0%
High grade carcinomas 4 29 33
% within Histologic grade 12.1% 87.9% 100.0%
Total 16 29 45
% within Histologic grade 35.6% 64.4% 100.0%
The mean difference is significant at the 0.05 level, Pearson Chi square test
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Fig. 2 Cathepsin Kimmunohistochemical expression in the different histologic types of SGCs

The Chi-square test revealed a high statistically signifi-
cant difference in CTSK IHC expression concerning the
different sizes of tumors (P=0.000, Table 3). large sized
carcinomas (T3 and T4) showed mainly strong (19 cases,
73.1%) and moderate (4 cases, 15.4%) expression, while
small-sized carcinomas (T1 and T2) showed negative (7
cases, 36.8%) and weak (6 cases, 31.6%) CTSK expres-
sion. Table 4 illustrates multiple comparisons among
the varied sizes of tumors concerning CTSK expression
utilizing One-way ANOVA post hoc test for multiple
comparison. T1 tumors show a significant difference in
CTSK expression in comparison with T2 (p=0.011), T3
(»p=0.000), and T4 (p=0.000) tumors. No difference in
CTSK expression between T3 and T4 (p=0.421) tumors.

Positive nodal metastasis was reported in 26 of the
studied cases (57.7%). About two third of these cases
(17 cases, 65.4%) presented strong CTSK expression.
Distant metastasis was reported in 17 of the worked

cases (37.7%). Strong CTSK expression was observed
in 15 of these cases (88.2%). Pearson chi-square test
revealed high statistically significant differences in
CTSK expression regarding the status of nodal and dis-
tant metastasis (p values were 0.041, 0.009 respectively,
Tables 5, 6).

CTSK expression was significantly varied among the
different TNM clinical stages (Pearson chi- square test,
P=0.000, Table 7). Table 8 presents multiple compari-
sons between the four TNM stages according to CTSK
expression. Cases of stage I demonstrated a significant
difference in CTSK expression when compared with
cases in the other stages; II (P=0.044), III (P=0.001), and
IV (P=0.000). No statistically significant difference was
present between stage II and stage III cases (P=0.281).
Stage IV cases had a statistically significant difference in
CTSK expression when compared with the other stages: I
(P=0.000), IT (P=0.009), I1I (P=0.047).
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Fig. 3 CTSKImmunohistochemical expression in SGCs; weak CTSK expression in (A) ACC and (B) low-grade MEC, strong CTSK expression in (C)

high-grade MEC, and (D) AdCC (x 250)

During the periodic follow-up events following the
treatment, recurrence was reported in 17 of the worked
cases (37.7%). Strong CTSK expression was significantly
observed in the majority of recurrent cases (14 cases,
82.4%). Pearson chi-square test revealed a high statisti-
cally significant difference in CTSK expression regarding
the incidence of recurrence (p=0.009, Table 9).

Death was reported in five of the worked cases. All
these cases demonstrated strong CTSK expression. Pear-
son chi-square test revealed no statistically significant
difference in CTSK expression concerning the incidence
of death (P=0.078).

Disease Free survival (DFS) & 3-years Overall Survival (OS)

Patients’ DFS and 3-years OS were analyzed concern-
ing the different clinicopathologic variables using
the Kaplan Meier method, log-rank test, and the Cox
regression model. Univariate analysis using Kaplan
Meier method revealed that DFS was significantly
reduced in high-grade carcinomas (25.6 months) ver-
sus low-grade carcinomas (35 months, P=0.05), cases
that had strong CTSK expression (22 months) versus
negative (36 months), weak (34 months), and moderate

(32 months) CTSK expressions (P=0.006), positive dis-
tant metastasis (16.5 months) versus negative distant
metastasis (35 months, P=0.000), large sized carcinomas
(T3+T4; 23.2 months) versus small sized carcinomas (
T1+T2; 34.7 months, P=0.000), positive nodal involve-
ment (23.19 months) versus negative nodal involvement(
34.8 months, P=0.000), advanced TNM stage (stage
III+1V; 24.9 months) versus stage [ +1I cases (36 months,
P=0.002). In contrary DFS had no statistically significant
difference concerning gender and tumor site variables
(p>0.05, Fig. 5).

Multivariate analysis using the cox regression model
found that distant metastasis is the independent predic-
tor for DFS (Table 10).

Univariate analysis of the 3 years OS concerning dif-
ferent clinicopathologic variables using the Kaplan
Meier method revealed that 3 years OS was significantly
reduced in cases that had recurrence during follow-up
(28 months) versus recurrence-free cases (36 months,
P=0.002), positive distant metastasis (33.6 months) ver-
sus negative distant metastasis (36 months, P=0.002),
positive nodal involvement (34.4 months) versus nega-
tive nodal involvement (36 months, P=0.046), large sized



Elhendawy and Soliman Diagnostic Pathology (2023) 18:66 Page 7 of 17

i 5 x P P o i¥ :
Fig. 4 Strong CTSKIHC expression in CXPA (A, B), positive CTSK expression in the lymph nodes of (C) metastatic CXPA, and (D) high-grade MEC
(x250)

Table 3 Cathepsin Kimmunohistochemical expression concerning the different tumor sizes using Pearson chi-square test

Tumor size Cathepsin K Total Pearson Chi-
Square Asymp. Sig.
Negative or Weak expression Moderate or Strong (2-sided)
expression
T1+T2 13 6 19 .000
% within tumor size 68.4% 31.6% 100.0%
T3+T4 3 23 26
% within tumor size 115% 88.5% 100.0%
Total 16 29 45
% within tumor size 35.6% 64.4% 100.0%

The mean difference is significant at the 0.05 level, Pearson Chi square test

carcinomas (T3+T4, 34.4 months) versus small sized (P=0.140), tumor site (P=0.25), and gender variables
carcinomas (T1+ T2, 36 months, P=0.046). In contrast (P=0.059, Fig. 6).

3 years OS had no statistically significant differences Multivariate analysis using the Cox regression model
concerning CTSK expression (P=0.154), tumor grade found that none of the studied variables could predict
(P=0.162), tumor histologic type (P=0.418), TNM stage 3 years of OS (Table 11).
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Table 4 CTSK expression concerning the different sizes of tumor using One-way ANOVA Post hoc test for multiple comparisons

(I) Tumor Size (J) Tumor Size Mean Difference Std. Error Sig 95% Confidence Interval
) Lower Bound Upper Bound
T1 T2 -1.1552 436 011 -2.03 =27
T3 -2.0428 AN .000 -2.87 -1.21
T4 -2.349° 462 .000 -3.28 -142
T2 T1 1.1552 436 011 27 2.03
T3 -887¢ 345 014 -1.58 -19
T4 -1.194° 404 .005 -2.01 -38
T3 T1 2.042° A1 .000 1.21 2.87
T2 .887° 345 014 19 1.58
T4 -307 378 A21 -1.07 46
T4 T1 23497 462 .000 142 3.28
T2 1.194° 404 .005 .38 2.01
T3 307 378 421 -46 1.07

@ The mean difference is significant at the 0.05 level

Table 5 Cathepsin Kimmunohistochemical expression concerning the status of nodal involvement using Pearson chi-square test

Nodal involvement Cathepsin K Total Pearson Chi-
Square Asymp. Sig.

negative or weak moderate or strong (2-sided)
expression expression

positive nodal involvement 6 20 26 041

% within Nodal involvement 23.1% 76.9% 100.0%

negative nodal involvement 10 9 19

% within Nodal involvement 52 6% 47 4% 100.0%

Total 16 29 45

% within Nodal involvement 356% 64.4% 100.0%

The mean difference is significant at the 0.05 level, Pearson Chi square test

Table 6 Cathepsin Kimmunohistochemical expression concerning the incidence of distant metastasis using Pearson chi-square test

Incidence of metastasis Cathepsin K Total Pearson Chi-
Square Asymp. Sig.

negative or weak moderate or strong (2-sided)
expression expression

Present 2 15 17 009

% within metastasis 11.8% 88.2% 100.0%

Absent 14 14 28

9% within metastasis 50.0% 50.0% 100.0%

Total 16 29 45

% within metastasis 35 6% 64.4% 100.0%

The mean difference is significant at the 0.05 level, Pearson Chi square test

Discussion

The diagnosis of cancer patients is usually an event at the
advanced stage of cancer owing to the deficient use of
accurate biomarkers in clinical settings that reflects the
progression of cancer. For that reason, specific biomark-
ers are critically required to diagnose tumors in clinical

settings [30]. The biomarkers are useful in determining
high-risk individuals, the aggressiveness of the tumor,
prediction of metastasis, monitoring tumor progression,
developing customized therapies for patients with differ-
ent cancers, and assessing the efficacy and outcomes of
disease treatment.
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Table 7 Cathepsin Kimmunohistochemical expression concerning the different TNM clinical stages using Pearson chi-square test

TNM clinical stage Cathepsin K Total Pearson Chi-
Square Asymp. Sig.

negative or weak moderate or strong (2-sided)
expression expression

stage I+l 10 3 13 .000

% within TNM clinical stage 76.9% 23.1% 100.0%

stage lll+ IV 6 26 32

Total 16 29 45

% within TNM clinical stage 35.6% 64.4% 100.0%

The mean difference is significant at the 0.05 level, Pearson Chi square test

Table 8 CTSK expression concerning the different TNM clinical stages using One-way ANOVA Post hoc test for multiple comparisons

(I) TNM clinical (J) TNM clinical Mean Difference Std. Error Sig 95% Confidence Interval
stage stage (I-J)
Lower Bound Upper Bound
stagel stage Il -1.071° 516 044 -2.11 -03
stage lll -1.5718 435 .001 -245 -69
stage IV -2.256° 410 .000 -3.08 -143
stage Il stage | 1.071° 516 044 03 2.11
stage lll -500 458 281 -143 43
stage IV -1.184° 435 .009 -2.06 =31
stage Il stage | 1.571° 435 001 69 245
stage ll .500 458 281 -43 143
stage IV -.684° 334 047 -1.36 -01
stage IV stage | 2.256° 410 .000 143 3.08
stage Il 1.184° 435 .009 31 2.06
stage lll 6847 334 047 01 1.36

2 The mean difference is significant at the 0.05 level

Table 9 Cathepsin Kimmunohistochemical expression concerning the incidence of recurrence using Pearson chi-square test

Incidence of recurrence Cathepsin K Total Pearson Chi-
Square Asymp. Sig.

negative or weak moderate or strong (2-sided)
expression expression

Present 2 15 7 009

9% within recurrence 11.8% 88.2% 100.0%

Absent 14 14 28

9% within recurrence 50.0% 50.0% 100.0%

Total 16 29 45

9% within recurrence 356% 64.4% 100.0%

The mean difference is significant at the 0.05 level, Pearson Chi square test

CTSK has a complex role in cancer. It participates in
cancer diagnosis due to its physiological role in bone
remodeling and resorption, degradation of extracellular
matrix, angiogenesis, and progenitor cell mobilization.
In preclinical or clinical studies, high CTSK expression
was detected in the serum and tissues of cancer patients.

The majority of cancers showed bone metastases at the
advanced stage that cause massive damage to patients
[24]. Although there are several mechanisms of tumor
growth, metastasis, and cancer cell invasion related
to CTSK, its expression in primary tumors includ-
ing salivary gland carcinomas has not been thoroughly
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Fig.5 The Kaplan Meier survival plots demonstrate the 3-year of DFS significantly reduced in (A) the high histologic grade, (B) the strong CTSK
expression, (C) the presence of metastasis, (D) the large-sized tumors (T3 +T4), (E) the positive nodal involvement, and (F) the advanced TNM

clinical stage (Il1+1V)
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Table 10 The Cox regression model illustrates the independent predictor(s) of DFS

Variables B SE Wald df Sig Exp(B) 95.0% Cl for Exp(B)
Lower Upper
Histologic grade -046 720 004 1 950 956 233 3.919
CTSK 118 3 990
CTSK (1) -025 633 002 1 968 975 282 3.369
CTSK (2) -153 845 033 1 856 858 164 4.498
CTSK (3) 145 577 063 1 801 1.156 373 3.582
Metastasis 2.060 615 11.228 1 001 7.843 2.351 26.164
Tumor size 369 679 296 1 586 1447 382 5474
Nodal status -104 628 027 1 .868 901 263 3.087
TNM stage -277 908 093 1 760 758 128 4488

investigated [23, 24]. In our study, we studied the possible
role of CTSK in SGCs and searched for the correlations
between its expression and the different clinicopathologi-
cal variables.

In the current study, positive CTSK expression is
present in 82.2% of the worked cases, and 87.87% of
high-grade SGCs present moderate and strong CTSK
expression. In contrast, low-grade SGCs present negative
(4 cases, 33.3%) and weak expression (8 cases, 66.7%).
There were statistically significant differences in CTSK
immunoexpression concerning the following different
variables; tumor type, tumor histologic grade, tumor size,
the status of nodal involvement, metastasis, TNM clini-
cal stage, and the incidence of recurrence (p <0.05). Also,
there were no statistically significant differences in CTSK
expression concerning patient's gender, tumor site, and
the incidence of death variables using Pearson chi-square
and one-way ANOVA tests.

CTSK significantly revealed strong expression in large-
sized carcinomas (19 cases, 73.1%), while small-sized
carcinomas showed negative (7 cases, 36.8%) and weak
(6 cases, 31.6%) expression. Moreover, strong CTSK
expression was significantly reported in carcinomas that
had positive nodal and distant metastasis. CTSK facili-
tates the degradation of the ECM, enabling the migration
and proliferation of cancer cells that explains the strong
expression which was observed in carcinomas of aggres-
sive behavior. Many studies agreed with our findings.
Sivaranjini Y et al., (2012) [31] observed intense cathep-
sin D (CTSD) expression in high-grade SGCs. CTSD was
significantly expressed in AdCC than in polymorphous
low-grade adenocarcinoma (PLGA) [31]. They recom-
mended the use of CTSD as a marker of invasive poten-
tial and aggressive behavior.

Moreover, Zhang et al. (2018), noted high CTSD
expression was related to unfavorable clinicopathologic
characteristics such as perineural invasion, advanced

clinical stage, reduced survival, and distant metastasis.
AdCC cases revealed high CTSD expression than normal
salivary glandular tissue. CTSD Si RNA treatment makes
morphological alteration of cancer cells from mesenchy-
mal-like cells to epithelioid cells. CTSD accelerates the
migration and invasion of cells via ultrastructural modifi-
cation and pseudopodia formation in SACC- LM cells, in
addition to its proteolytic activity in the tumor microen-
vironment [32].

CTSK overexpression is associated with cancer meta-
static disease with a potential prognostic value [24, 33].
CTSK promotes metastasis of gastric cancer cells by
potentiating remodeling of ECM through activation of
MMP5 [34, 35]. Studies on colorectal cancer also support
our finding, invasion and metastasis of colorectal can-
cer cells promoted by CTSK that stimulates the release
of cytokines such as IL10 and IL17 through activation of
the mTOR pathway. Metastasis is the main cause of death
in colorectal cancer patients. High CTSK expression was
discovered as a novel marker for metastasis. Its expres-
sion was associated with poor prognostic outcomes.
These findings present the predictive role of CTSK in
colorectal cancer and the validity to use it as a therapeu-
tic target [36, 37].

On the other hand, studies on melanoma confirmed the
vital role of CTSK in the acquisition of aggressive behav-
ior by melanoma cells. CTSK not only promotes metas-
tasis but also could predict it. CTSK is an independent
predictor of metastasis. Melanomas release CTSK and
MMP to cut collagen in the intima of lymph and blood
vessels. CTSK promotes motility and migration of mel-
anocytes through the dermis and realizes distant metas-
tasis [38, 39]. Breast cancer studies also acknowledged
that CTSK activates pro MMP9 to produce MMP9 that
potentiates migration of breast cancer cells to establish
distant metastasis [40—44]. Strong CTSK expression
was noted in human breast cancers with primary and
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Fig. 6 The Kaplan Meier survival plots demonstrate the 3-year of OS significantly reduced in (A) the presence of recurrence, (B) the presence of
distant metastasis, (C) the large-sized tumors (T3 +T4), and (D) the positive nodal involvement

Table 11 The Cox regression model illustrates the independent predictor(s) of OS

Variables B SE Wald df Sig Exp(B)
Recurrence 160 680 055 1 814 1174
Metastasis 155 .750 043 1 836 1.168
Tumor size -005 410 .000 1 991 995
Nodal involvement 036 366 010 1 921 1.037
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developing bone metastasis. Breast cancer studies on
CTSD were recognized as a marker of poor prognosis
[35, 45]. Additionally, bone tumor studies acknowledged
elevated CTSD expression promotes bone metastasis
and bone tumor progression [46, 47]. Bone metastasis
occurred due to imbalanced resorption and formation
of bone. Tumor cells inhibit the formation of osteo-
blasts [48]. Multiple myelomas and tumor cells initiate
bone resorption by secretion of factors that activates the
RANK/RANKL signaling pathway [49, 50].

Inhibition of CTSK can significantly inhibit the mTOR
signaling pathway [51]. The mTOR pathway has a vital
role in the maintenance of cell growth, proliferation,
motility, and survival that is involved in the development
of a variety of cancers [52, 53]. Many studies on kidney
cancer recognized that CTSK’s high expression demon-
strates the progression of cancer [54—58]. The activated
mTOR signaling pathway was related to the development
of renal cell carcinoma [59, 60].

Many researchers assessed the potential role of CTSK
in lung cancer. CTSK was expressed in non-small cell lung
cancer (NSCLC) as adenocarcinoma, adenosquamous
carcinoma, squamous cell carcinoma (SCC), and large cell
carcinoma, but rarely studied in small cell lung carcinoma
(SCLC). Contradictory to our finding regarding the nega-
tive expression of CTSK in normal salivary gland tissue,
the authors reported positive CTSK expression in normal
salivary gland tissue. Additionally, CTSK is acknowledged
as a potential biomarker for pulmonary perivascular epi-
thelioid tumors due to its diffuse and strong expression
[61]. Wang and his coworkers reported elevated CTSK
levels at tumor-associated macrophages in NSCLC [62].
In 2020, Yang et al. also recognized a significant elevation
of CTSK in A549 cells of NSCLC. CTSK overexpression
was associated with increased proliferation, migration,
and invasion of cells by activation of the mTOR pathway
[63]. Moreover, inhibition of CTSK inhibits cell prolifera-
tion and distant metastasis of ovarian cancer cells by sup-
pressing epithelial-mesenchymal transition [64].

Contradictory to our findings, a study carried out on
tongue SCC revealed that CTSK expression had no cor-
relations to gender and age of patients similar to ours, but
they presented contradictory results regarding the grade
of carcinoma, the clinical stage, and the nodal status.
Moreover, they also observed a correlation between the
diminished CTSK expression in the tumor microenviron-
ment (TME) and the increased overall recurrence [65].

In the present study, the higher incidence of distant
metastasis was significantly encountered in SGCs of high
grade as follows; ((7 cases, 53.8%) of high-grade MECs, (5
cases, 41.7%) of AdCC, (3 cases, 37.5%) of CXPA). Dis-
tant metastasis also was related to strong CTSK expres-
sion (15 cases, 65.2% of carcinomas demonstrated strong
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CTSK expression), presence of recurrence during follow-
up (16 cases, 94.1% of cases that had recurrence), large-
sized tumors (17 cases, 65.4% of T3 and T4 tumors),
positive nodal involvement (16 cases, 61.5% of nodal pos-
itive cases), all the dead cases (5 cases, 100% of deaths),
advanced TNM clinical stage (17 cases, 53.1% of stage III
and IV cases) (P values were <0.05).

Multivariate analysis using the cox regression model
found that distant metastasis was the independent pre-
dictor for DFS. On the other hand, there was no statis-
tically significant relationship between the incidence of
metastasis to the tumor site and the gender of patients
(P>0.05). In the same line with our findings, multivariate
analysis of other studies revealed intermediate and high-
risk histology, advanced T classification, and neck node
disease were independently associated with the devel-
opment of distant metastasis. High-grade histologies,
advanced T classification, and neck disease are consid-
ered risk factors for distant metastasis [66—68]. Moreo-
ver, these studies did not find a relationship between the
male sex and the incidence of distant metastasis [66—68].

Opposite to our finding, one study found about a 1.4-
fold higher risk of distant metastasis in males [44].

Conclusions

Diagnosis of distant metastasis in malignant tumors is
often a late and difficult event due to the lack of specific
tumor biomarkers. As we discussed in advance several
studies have reported a high level of CTSK expression
associated with metastasis of cancer cells. Also, CTSK
inhibition reduces the progression of osteolytic lesions,
indicating the significance of CTSK as a tumor biomarker
[69-71]. Best to our Knowledge, our study is the first
study that present the role of CTSK in malignant salivary
gland tumors. Strong CTSK expression was related to
poor clinicopathological parameters such as (high-grade
carcinomas, large infiltrating carcinomas, presence of
nodal involvement, presence of distant metastasis, car-
cinomas of advanced TNM clinical stage, presence of
recurrence, and reduced DFES). The great role of CTSK
in cancer progression through triggering many signaling
pathways indicates its utility as a therapeutic target for
cancer treatment [25, 72, 73]. Therefore, the level of CTSK
in cancer tissue is considered an effective index for pre-
dicting the severity and prognosis of cancers (Table 12).

Abbreviations

SGCs Salivary gland carcinomas

CTSK Cathepsin K

AdCC Adenoid cystic carcinoma

CXPA Carcinoma ex pleomorphic adenoma
MEC Mucoepidermoid carcinoma

ACC Acinic cell carcinoma

IHC Immunohistochemistry



Elhendawy and Soliman Diagnostic Pathology (2023) 18:66

Acknowledgements
Oral Pathology department staff members and the Oncology center lab
technicians, Mansoura University.

Disclosure statement
The authors declare that they have no potential conflicts of interest to
disclose.

Authors’ contributions

Analysis and interperetation of data: Dr. Heba A. Elhendawy, Dr. Samar Soli-
man. Histologic examination, and CTSK scoring: Dr. Heba A. Elhendawy, Dr.
Samar Soliman. Writing: Dr. Heba A. Elhendawy, Dr. Samar Soliman. All authors
read and approved the final manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Availability of data and materials
The data used during the current study are available from the corresponding
author on a reasonable request.

Declarations

Ethics approval and consents to participate

The current study was approved by faculty of Dentistry ethics committee.
Informed consent was obtained from all individual participants included in
the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
!Oral Pathology Department, Faculty of Dentistry, Mansoura University,
Mansoura, Egypt.

Received: 11 January 2023 Accepted: 7 May 2023
Published online: 17 May 2023

References

1. Ansari MH. Salivary gland tumors in an Iranian population: a retrospective
study of 130 cases. J Oral Maxillofac Surg. 2007;65(11):2187-94.

2. Jones A, Craig G, Speight P, Franklin C. The range and demographics
of salivary gland tumours diagnosed in a UK population. Oral Oncol.
2008;44(4):407-17.

3. Murase R, SumidaT, Ishikawa A, Murase R, McAllister SD, Hamakawa H,
et al. Novel therapeutic strategies for malignant salivary gland tumors:
lessons learned from breast cancer. Int J Otolaryngol. 2011;2011:187623.

4. Neville BW, Damm DD, Allen CM, Chi AC. Oral and maxillofacial pathol-
ogy: Elsevier Health Sciences. 2015.

5. Sultan |, Rodriguez-Galindo C, Al-Sharabati S, Guzzo M, Casanova M,
Ferrari A. Salivary gland carcinomas in children and adolescents: a
population-based study, with comparison to adult cases. Head Neck.
2011,33(10):1476-81.

6. Kupferman ME, de la Garza GO, Santillan AA, Williams MD, Varghese BT,
Huh W, et al. Outcomes of pediatric patients with malignancies of the
major salivary glands. Ann Surg Oncol. 2010;17(12):3301-7.

7. Mendenhall WM, Morris CG, Amdur RJ, Werning JW, Villaret DB. Radio-
therapy alone or combined with surgery for salivary gland carcinoma.
Cancer. 2005;103(12):2544-50.

8. Schwarz, Stiegler C, Miller M, EttI T, Brockhoff G, Zenk J, et al. Salivary
gland mucoepidermoid carcinoma is a clinically, morphologically and
genetically heterogeneous entity: a clinicopathological study of 40 cases

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 150f 17

with emphasis on grading, histological variants and presence of the t (11;
19) translocation. Histopathology. 2011;58(4):557-70.

Speight PM, Barrett AW. Prognostic factors in malignant tumours of the
salivary glands. Br J Oral Maxillofac Surg. 2009;47(8):587-93.

Guzzo M, Locati LD, Prott FJ, Gatta G, McGurk M, Licitra L. Major and minor
salivary gland tumors. Crit Rev Oncol Hematol. 2010;74(2):134-48.

. Glazer TA, Shuman AG. Distant metastases and palliative care. Salivary

Gland Neoplasms. 2016;78:182-8.

Ord RA, Ghazali N. Margin analysis: malignant salivary gland neoplasms of
the head and neck. Oral Maxillofac Surg Clin. 2017;29(3):315-24.
Hickman RE, Cawson RA, Duffy SW. The prognosis of specific types of
salivary gland tumors. Cancer. 1984;54(8):1620-4.

Wang Y, Wang S, Zhou X, Zhou H, CuiY, Li Q, et al. Acinar cell carcinoma: a
report of 19 cases with a brief review of the literature. World J Surg Oncol.
2016;14(1):1-8.

Moon P, Tusty M, Divi V, Megwalu UC. Significance of nodal metastasis in
parotid gland acinar cell carcinoma. Laryngoscope. 2021;131(4):E1125-9.
Weiler C, Zengel P, van der Wal JE, Guntinas-Lichius O, Schwarz S, Harrison
JD, et al. Carcinoma ex pleomorphic adenoma with special reference to
the prognostic significance of histological progression: a clinicopatho-
logical investigation of 41 cases. Histopathology. 2011;59(4):741-50.
Olsen KD, Lewis JE. Carcinoma ex pleomorphic adenoma: a clinicopatho-
logic review. Head Neck. 2001;23(9):705-12.

Mattiuzzi C, Lippi G. Current cancer epidemiology. J Epidemiol Glob
Health. 2019;9:217-22 [CrossRef] [PubMed].

Rossi A, Deveraux Q, Turk B, Sali A. Comprehensive search for cysteine
cathepsins in the human genome. 2004.

Abdel-Magid AF. Inhibition of Cathepsin K: a novel and promising treat-
ment for osteoporosis. ACS Publications. 2015,6:628-9.

Drake FH, Dodds RA, James IE, Connor JR, Debouck C, Richardson S, et al.
Cathepsin K, but Not Cathepsins B, L, or S, is abundantly expressed in
human osteoclasts (x). J Biol Chem. 1996;271(21):12511-6.

Costa AG, Cusano NE, Silva BC, Cremers S, Bilezikian JP. Cathepsin K: its
skeletal actions and role as a therapeutic target in osteoporosis. Nat Rev
Rheumatol. 2011;7(8):447-56.

Brubaker K, Vessella R, True L, Thomas R, Corey E. Cathepsin K mRNA and
protein expression in prostate cancer progression. J Bone Miner Res.
2003;18(2):222-30.

Calio A, Brunelli M, Gobbo S, Argani P, Munari E, Netto G, et al. Cathepsin
K:a novel diagnostic and predictive biomarker for renal tumors. Cancers.
2021;13(10):2441.

Qian D, He L, Zhang Q, Li W, Tang D, Wu C, Yang F, Li K, Zhang H. Cathep-
sin K: a versatile potential biomarker and therapeutic target for various
cancers. Curr Oncol. 2022;29(8):5963-87. https://doi.org/10.3390/curro
ncol29080471.

Seethala RR, Stenman G. Update from the 4th edition of the World Health
Organization classification of head and neck tumors: tumors of the
salivary gland. Head Neck Pathol. 2017;11(1):55-67.

Rao Q, Cheng L, Xia QY, Liu B, Li L, Shi QL, Shi SS, Yu B, Zhang RS, Ma

HH, Lu ZF, Tu P, Zhou XJ. Cathepsin K expression in a wide spectrum of
perivascular epithelioid cell neoplasms (PEComas): a clinicopathological
study emphasizing extrarenal PEComas. Histopathology. 2013;62:642-50.
Rao Q, Zhang XM, Tu P, Xia QY, Shen Q, Zhou XJ, Shi QL. Renal cell
carcinomas with t(6;11) (p21;q12) presenting with tubulocystic renal cell
carcinoma-like features. Int J Clin Exp Pathol. 2013;6:1452-7.

Xia QY, Rao Q, Shen Q, Shi SS, Li L, Liu B, Zhang J, Wang YF, Shi QL, Wang
JD, Ma HH, Lu ZF, Yu B, Zhang RS, Zhou XJ. Oncocytic papillary renal cell
carcinoma: a clinicopathological study emphasizing distinct morphology,
extended immunohistochemical profile and cytogenetic features. Int J
Clin Exp Pathol. 2013;6:1392-9.

Rao Q, Wang Y, Xia QY, Shi SS, Shen Q, Tu P, Shi QL, Zhou XJ, Wu B. Cathep-
sin K in the immunohistochemical diagnosis of melanocytic lesions. Int J
Clin Exp Pathol. 2014;7:1132-9.

Sivaranjini Y, Angadi PV, Kumar GS. Immuno-histochemical evaluation

of Cathepsin D in malignant salivary gland carcinomas. Gulf J Oncolog.
2012;11:38-44 PMID: 22227544,

Zhang M, Wu J, Yang X, Pang X, Li L, Wang S, Wu J, Tang Y, Liang X, Zheng
M, Tang Y. Overexpression Cathepsin D contributes to perineural invasion
of salivary adenoid cystic carcinoma. Front Oncol. 2018;8:492. https://doi.
0rg/10.3389/fonc.2018.00492.


https://doi.org/10.3390/curroncol29080471
https://doi.org/10.3390/curroncol29080471
https://doi.org/10.3389/fonc.2018.00492
https://doi.org/10.3389/fonc.2018.00492

Elhendawy and Soliman Diagnostic Pathology

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51

52.

53.

54.

(2023) 18:66

Zheng G, Martignoni G, Antonescu C, Montgomery E, Eberhart C, Netto
G, et al. A broad survey of cathepsin Kimmunoreactivity in human neo-
plasms. Am J Clin Pathol. 2013;139(2):151-9.

Digklia A, Wagner AD. Advanced gastric cancer: current treatment land-
scape and future perspectives. World J Gastroenterol. 2016;22:2403-14
[CrossRef].

Christensen J, Shastri VP. Matrix-metalloproteinase-9 is cleaved and
activated by cathepsin K. BMC Res Notes. 2015;8:322 [CrossRef].

LiL, Zhu Z ZhaoY, Zhang Q Wu X, Miao B, Cao J, Fei S. FN1, SPARC, and
SERPINET are highly expressed and significantly related to a poor progno-
sis of gastric adenocarcinoma revealed by microarray and bioinformatics.
Sci Rep. 2019;9:7827 [CrossRef].

Makondi PT, Wei PL, Huang CY, Chang YJ. Development of novel
predictive miRNA/target gene pathways for colorectal cancer distance
metastasis to the liver using a bioinformatic approach. PLoS One.
2019;14:0211968 [CrossRef].

Quintanilla-Dieck MJ, Codriansky K, Riinger TM, Bhawan J, Rtinger TM.
Cathepsin Kin melanoma invasion. J Investig Dermatol. 2008;128:2281-8
[CrossRef].

Petricevic SJ, Pavlovic A, Durdov MG, Becic K, Durdov MG. Cathepsin K
expression in melanoma is associated with metastases. Histol Histo-
pathol. 2017,32:711-6.

Littlewood-Evans AJ, Bilbe G, Bowler WB, Farley D, Wlodarski B, Kokubo
T,Inaoka T, Sloane J, Evans DB, Gallagher JA. The osteoclast-associated
protease cathepsin K is expressed in human breast carcinoma. Cancer
Res. 1997,57:5386-90.

Le Gall C, Bellahcene A, Bonnelye E, Gasser JA, Castronovo V, Green J,
Zimmermann J, Clézardin P. A cathepsin K inhibitor reduces breast cancer
induced osteolysis and skeletal tumor burden. Cancer Res. 2007,67:9894~
902 [CrossRef].

Guerra E, Cimadamore A, Simeone P, Vacca G, Lattanzio R, Botti G, et al.
p53, cathepsin D, Bcl-2 are joint prognostic indicators of breast cancer
metastatic spreading. BMC Cancer. 2016;16:649. https://doi.org/10.1186/
$12885-016-2713-3.

Achour O, Ashraf Y, Bridiau N, Kacem M, Poupard N, Bordenave-Juchereau
S, et al. Alteration of cathepsin D trafficking induced by hypoxia and
extracellular acidification in MCF-7 breast cancer cells. Biochimie.
2016;121:123-30. https://doi.org/10.1016/j.biochi.2015.11.007.
Anantaraju HS, Battu MB, Viswanadha S, Sriram D, Yogeeswari P. Cathepsin
D inhibitors as potential therapeutics for breast cancer treatment:
Molecular docking and bioevaluation against triple-negative and triple-
positive breast cancers. Mol Divers. 2016,20:521-35. https://doi.org/10.
1007/511030-015-9645-8.

Parks AN, Nahata J, Edouard NE, Temenoff JS, Platt MO. Sequential, but
not concurrent, incubation of cathepsin Kand L with type | collagen
results in extended proteolysis. Sci Rep. 2019;9:5399 [CrossRef].

Corisdeo S, Gyda M, Zaidi M, Moonga BS, Troen BR. New insights into the
regulation of cathepsin K gene expression by osteoprotegerin ligand.
Biochem Biophys Res Commun. 2001;285:335-9 [CrossRef].

Podgorski |, Linebaugh BE, Koblinski JE, Rudy DL, Herroon MK, Olive MB,
Sloane BF. Bone marrow-derived cathepsin K cleaves SPARC in bone
metastasis. Am J Pathol. 2009;175:1255-69 [CrossRef].

Terpos E, Confavreux CB, Clézardin P. Bone antiresorptive agents in the
treatment of bone metastases associated with solid tumours or multiple
myeloma. Bonekey Rep. 2015;4:744 [CrossRef].

Hofbauer LC, Rachner TD, Coleman RE, Jakob F. Endocrine aspects of
bone metastases. Lancet Diabetes Endocrinol. 2014;2:500-12 [CrossRef].
Coleman R, Gnant M, Morgan G, Clezardin P. Effects of bone-targeted
agents on cancer progression and mortality. J Natl Cancer Inst.
2012;104:1059-67 [CrossRef].

Seo SU, Woo SM, Kim MW, Lee HS, Kim SH, Kang SC, Lee EW, Min KJ, Kwon
TK. Cathepsin K inhibition-induced mitochondrial ROS enhances sensitiv-
ity of cancer cells to anti-cancer drugs through USP27x-mediated Bim
protein stabilization. Redox Biol. 2020;30:101422 [CrossRef].

GuriY, Hall MN. mTOR Signaling confers resistance to targeted cancer
drugs. Trends Cancer. 2016;2:688-97 [CrossRef].

Xia QY, Wang X, Wei X, Wang XT, Ma HH, Lu ZF, Rao Q. Eosinophilic solid
and cystic renal cell carcinoma: clinicopathological analysis and molecu-
lar characterization. Zhonghua Bing Li Xue Za Zhi. 2019;48:840-5.

Chen YB, Mirsadraei L, Jayakumaran G, Al-Ahmadie HA, Fine SW, Gopalan
A, Sirintrapun SJ, Tickoo SK, Reuter VE. Somatic mutations of TSC2 or

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 16 of 17

MTOR characterize a morphologically distinct subset of sporadic renal
cell carcinoma with eosinophilic and vacuolated cytoplasm. Am J Surg
Pathol. 2019;43:121-31 [CrossRef].

Farca,s M, Gatalica Z, Trpkov K, Swensen J, Zhou M, Alaghehbandan R,
Williamson SR, Magi-Galluzzi C, Gill AJ, Tretiakova M, et al. Eosinophilic
vacuolated tumor (EVT) of kidney demonstrates sporadic TSC/MTOR
mutations: next-generation sequencing multi-institutional study of 19
cases. Mod Pathol. 2022;35:344-51 [CrossRef].

McDorman KS, Wolf DC. Use of the spontaneous TSC2 knockout (Eker) rat
model of hereditary renal cell carcinoma for the study of renal carcino-
gens. Toxicol Pathol. 2002;30:675-80 [CrossRef].

Wu H, He D, Biswas S, Shafiquzzaman M, Zhou X, Charron J, Wang Y,
Nayak BK, Habib SL, Liu H, et al. mTOR activation initiates renal cell
carcinoma development by coordinating ERK and p38MAPK. Cancer Res.
2021;81:3174-86 [CrossRef].

Cho DC, Mier JW. Dual inhibition of PI3-kinase and mTOR in renal cell
carcinoma. Curr Cancer Drug Targets. 2013;13:126-42 [CrossRef].

Coinu A, Petrelli F, Barni S. Optimal treatment of poor-risk renal cell carci-
noma patients with mTOR inhibitors and anti-VEGFR agents. Expert Rev
Anticancer Ther. 2016;16:33-43 [CrossRef].

Dai Q, Xie F, Han'Y, Ma X, Zhou S, Jiang L, Zou W, Wang J. Inactivation

of regulatory-associated protein of mTOR (raptor)/mammalian target

of rapamycin complex 1 (mTORC1) signaling in osteoclasts increases
bone mass by inhibiting osteoclast differentiation in mice. J Biol Chem.
2017;292:196-204 [CrossRef].

Naumnik W, Nikli'nska W, Ossoli‘nska M, Chyczewska E. Serum cathepsin
Kand cystatin C concentration in patients with advanced non-small-
cell lung cancer during chemotherapy. Folia Histochem CytoBiol.
2009;47:207-13 [CrossRef].

Wang R, Zhang J, Chen S, Lu M, Luo X, Yao S, Liu S, Qin Y, Chen H. Tumor-
associated macrophages provide a suitable microenvironment for non-
small lung cancer invasion and progression. Lung Cancer. 2011,74:188-96
[CrossRef] [PubMed].

Yang H, Heyer J, Zhao H, Liang S, Guo R, Zhong L. The potential role

of Cathepsin K in non-small cell lung cancer. Molecules. 2020;25:4136
[CrossRef] [PubMed].

Tingting Z, Xiaojing L, Junjun Q, Keqin H, Junjun Q. The antisense long
noncoding RNA AGAP2-AST regulates cell proliferation and metastasis in
epithelial ovarian cancer. J Cancer. 2020;11:5318-28 [CrossRef].

Bitu CC, Kauppila JH, Bufalino A, Nurmenniemi S, Teppo S, et al. Cathepsin
K'is present in invasive oral tongue squamous cell carcinoma in vivo and
in vitro. PLoS One. 2013;8(8):e70925. https://doi.org/10.1371/journal.
pone.0070925.

Ali S, Bryant R, Palmer FL, DiLorenzo M, Shah JP, Patel SG, et al. Distant
metastases in patients with carcinoma of the major salivary glands. Ann
Surg Oncol. 2015;22(12):4014-9.

Nam SJ, Roh J-L, Cho K-J, Choi S-H, Nam SY, Kim SY. Risk factors and
survival associated with distant metastasis in patients with carcinoma of
the salivary gland. Ann Surg Oncol. 2016;23(13):4376-83.

Haderlein M, Scherl C, Semrau S, Lettmaier S, Uter W, Neukam FW,

et al. High-grade histology as predictor of early distant metastases and
decreased disease-free survival in salivary gland cancer irrespective of
tumor subtype. Head Neck. 2016;38(S1):E2041-8.

Zhang X. Interactions between cancer cells and bone microenviron-
ment promote bone metastasis in prostate cancer. Cancer Commun.
2019:39:76 [CrossRef].

Jensen AB, Wynne C, Ramirez G, He W, Song Y, Berd Y, Wang H, Mehta

A, Lombardi A. The cathepsin K inhibitor odanacatib suppresses bone
resorption in women with breast cancer and established bone metasta-
ses: results of a 4-week, double-blind, randomized, controlled trial. Clin
Breast Cancer. 2010;10:452-8 [CrossRef].

Argani P, Hicks J, De Marzo AM, Albadine R, Illei PB, Ladanyi M, Reuter
VE, Netto GJ. Xp11 translocation renal cell carcinoma (RCC): extended
immunohistochemical profile emphasizing novel RCC markers. Am J Surg
Pathol. 2010;34:1295-303 [CrossRef].

Li H, Xiao Z, Quarles LD, Li W. Osteoporosis: mechanism, molecular
target and current status on drug development. Curr Med Chem.
2021,28(8):1489-507.

Boonen S, Rosenberg E, Claessens F, Vanderschueren D, Papapoulos S.
Inhibition of cathepsin K for treatment of osteoporosis. Curr Osteoporos
Rep. 2012;10(1):73-9.


https://doi.org/10.1186/s12885-016-2713-3
https://doi.org/10.1186/s12885-016-2713-3
https://doi.org/10.1016/j.biochi.2015.11.007
https://doi.org/10.1007/s11030-015-9645-8
https://doi.org/10.1007/s11030-015-9645-8
https://doi.org/10.1371/journal.pone.0070925
https://doi.org/10.1371/journal.pone.0070925

Elhendawy and Soliman Diagnostic Pathology (2023) 18:66

74, Wu JS, Li ZF, Wang HF, Yu XH, Pang X, Wu JB, Wang SS, Zhang M, Yang X,
Cao MX, Tang YJ, Liang XH, Zheng M, Tang YL. Cathepsin B defines leader
cells during the collective invasion of salivary adenoid cystic carcinoma.
Int JOncol. 2019;54(4):1233-44. https://doi.org/10.3892/ij0.2019.4722.
Epub 2019 Feb 22. PMID: 30968153; PMCID: PMC6411368.

75. Mohan M, Suresh R, Janardhanan M, SavithriV, Aravind T. Immunohisto-
chemical analysis of cathepsin-D in benign and malignant salivary gland
neoplasms. Evaluation of its role as a prognostic indicator. J Oral Maxil-
lofac Pathol. 2022,26(4):589. https://doi.org/10.4103/jomfp.jomfp_370_
20.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.3892/ijo.2019.4722
https://doi.org/10.4103/jomfp.jomfp_370_20
https://doi.org/10.4103/jomfp.jomfp_370_20

	Clinicopathological correlation of Cathepsin K expression in salivary gland carcinomas; relation to patients` outcome
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Material and methods
	Patients’ selection and data retrieval
	Immunohistochemistry
	Statistical analysis

	Results
	Clinicopathological characteristics of the considered cases
	Cathepsin K (CTSK) immunohistochemical expression concerning the different clinicopathological variables
	Disease Free survival (DFS) & 3-years Overall Survival (OS)

	Discussion
	Conclusions
	Acknowledgements
	References


