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Background & Objective: Diagnosis and discrimination of lung adenocarcinoma
(LUAD) from lung squamous cell carcinoma (LUSC) is critical to select the appropriate
treatment regimen as recently targeted therapies require accurate subtyping of
nonsmall-cell lung carcinoma (NSCLCs). There are currently several biomarkers that
could be used for differentiation between LUAD and LUSC, but they have less
sensitivity, specificity, and clinical applicability. The aim of this study was to assess
the diagnostic and prognostic values of CLCA2, SPATS2, ST6GALNACI, and
Adipophilin tissue expression in the tissues retrieved from LUAD and LUSC patients
using immunohistochemistry.

Methods: The current study was performed on the samples retrieved from sixty
primary lung masses that were diagnosed as LUAD and LUSC. Immunohistochemistry
was performed by using a panel of CLCA2, SPATS2, and STOGALNAC1. We assessed
the diagnostic roles of the studied markers in the discrimination between LUAD and
LUSC and their prognostic values.

Results: SPATS2 and CLCA2 were expressed higher in LUSC than LUAD.
ST6GALNACI and Adipophilin showed higher expression in LUAD than LUSC
(P<0.001). The sensitivity and specificity of CLCA2, SPATS2, ST6GALNACI and
Adipophilin in adequate subtyping and reaching the accurate diagnosis was 100%. We
found only significant difference in survival rate between the patients with negative and
positive CLCA2 expression (P=0.038 and P=0.019, respectively).

Conclusion: The combination of biomarkers of CLCA2, SPATS2,
ST6GALNACI, and Adipophilin may lead to an appropriate subtyping of lung cancer
and reaching accurate diagnosis with the highest sensitivity and specificity.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for
nearly 89% of all lung cancers. They are further
categorized as lung adenocarcinoma (LUAD) and lung
squamous cell carcinoma (LUSC) which are the two
major pathological subtypes of lung cancer, forming
about 45% and 25% of cases, respectively (1). The
precise histopathological diagnosis and discrimination
of LUAD from LUSC is critical to select the appropriate
treatment regimen as recently targeted therapies require
accurate sub-typing of NSCLCs (2). There are many
differences between LUAD and LUSC in their
molecular profiling and histological characteristics, but
small biopsies with a limited number of tumor cells and
tumors with uncertain structures caused by poor
differentiation or necrosis make difficult a precise
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diagnosis relying on the routine histopathological
evaluation. Thus, immunohistochemistry is now widely
recommended in the clinical practice (1). There are
currently several biomarkers that were assessed by
immunohistochemistry and were found to be useful in
the differentiation of LUAD from LUSC, but they have
less sensitivity, specificity, and clinical applicability (2).
The chloride channel accessory 2 (CLCA?2) is a protein
which belongs to the family of chloride-sensitive
proteins (3). Its basic functions include -chloride
conductivity regulation, and it can play a role in
epidermal differentiation and skin malignancies (4). The
spermatogenesis associated serine-rich 2 (SPATS2) has
been reported to play a critical role in the
spermatogenesis and development of testicular germ
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cells and its paralogue, SPATS2L was reported to have
a role in genome-wide association response genes (2).
The ST6 (alpha-N-acetyl-neuraminyl-2, 3-beta-
galactosyl-1, 3)-N-acetylgalacto saminide alpha-2,6-
sialyltransferase 1 (STOGALNAC1) is a member of the
sialyltransferase family reported as being overexpressed
in several cancers and is correlated with the cancer
metastases (2). Adipophilin is a transporter of small lipid
droplets in non-adipogenic cells. The role of
Adipophylin in cancer has recently been studied and it
has been found to play both diagnostic and prognostic
roles in many cancers (5).

The aim of this study was to assess the diagnostic and
prognostic values of CLCA2, SPATS2, ST6GALNACI,
and Adipophilin tissue expression in the tissues retrieved
from LUSC and LUAD  patients using
immunohistochemistry.

Materials and Methods

This randomized retrospective study was done on the
samples retrieved from sixty primary lung masses
patients. We retrospectively collected paraffin blocks
and patients’ data from the Pathology Department,
Faculty of Medicine, Zagazig Universityfrom February
2015 to February 2020. All patients’ data such as age,
sex, progression and survival, and tumor
histopathological findings such as size, number, and the
site of the lung masses were recorded in addition to
recording all significant clinical and radiological
findings.

The biopsy from variable sizes of lung masses was
performed by bronchoscopic biopsy or by transthoracic
core biopsy. The hematoxylin and eosin (H&E)-stained
slides of tumor tissue were reviewed for confirmation of
the diagnosis according to the most recent classification
of the World Health Organization (WHO) (6), and for
the selection of the best sites for the staining of
biomarkers using immunohistochemistry.

Diagnosis of LUAD and its differentiation from
LUSC, particularly in poorly differentiated foci, was
done by detection of any remaining areas of
differentiation into any histopathological subtype.
LUAD was generally characterized by the presence of
areas of glandular formations, and intracellular mucin.
LUSC differentiation was characterized by the presence
of intracellular and/or extracellular keratin in addition to
the presence of intercellular bridges (Figure 1). The
inclusion criteria were a) all primary NSCLC samples
and b) all true cut (small) biopsies, and the exclusion
criteria were a) 11 NSCLC with less material, b) all
NSCLC with necrotic areas, and c) all small biopsies
with insufficient biopsy material.

Immunohistochemistry (IHC)

Immunohistochemistry was performed by using a
panel of Rabbit Polyclonal antibodies against CLCA2
(LS-C664626) (LifeSpan BioSciences), SPATS2
(ab122495) (Abcam), ST6GALNAC1 (MBS7053229)
(MyBioSource's Products) and Adipophilin (393A-1)
(Sigma-Aldrich). Briefly, 3-4 um thick paraffin-
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embedded tissues was cut, deparaffinized, and
dehydrated in graded alcohol at 100%-50%. Then the
targeted antigen retrieval was performed followed by the
application of the primary antibodies. Two
histopathologists examined the stained slides. With the
help of a combined scoring system (sum of staining
intensity and percentage of positive cells quantification),
the semi-quantitative immunoreactivity analysis for the
ITHC markers was conducted in the neoplastic cells. The
intensity of the staining was scored as 0 for absent, 1 for
weak, 2 for moderate, and 3 for strong. The positive cells
were quantified as percentage of the total number of
neoplastic cells and were calculated as less than 5% =0,
5% -25%=1, 26% - 50% =2, 51% - 75% = 3, greater
than 75% = 4. For each case, an immunoreactivity score
was generated as a percentage of positive tumor cells and
staining intensity, generating a score ranging from 0 to
12. A case was considered positive if the score was equal
to or greater than 2; otherwise, the case was considered
negative (2), (3), (5). The classification of each case into
its subtype was based on the immunohistochemical
profile. We calculated the sensitivity, specificity, and
accuracy of each stained biomarker and the combined
values of all the studied biomarkers by comparing
between the immunostaining results of the included
samples.

Statistical Analysis

The collected data were statistically analyzed using
the Statistical Package for the Social Sciences (SPSS 24
Inc., Chicago, IL, USA). Shapiro Walk test was used for
testing data for normal distribution. Qualitative data
were represented as frequencies and relative
percentages. We used Chi-square (y2) and Fisher exact
tests to calculate the differences between qualitative
variables. We expressed quantitative and non-
parametric data as median and range.

Survival Analysis

We estimated progression-free and overall survival
rates using the Kaplan and Meier method and compared
them using the log-rank test. The overall survival rate
(OS) was calculated as the time from disease diagnosis
to the time of death or to time of last follow up or time
of ending the study. We estimated progression-free
survival rate (PFS) as the time from initiation of
treatment date to the date of starting disease progression
or to the time of last follow up or time of ending the
study. The P-value<0.05 and P-value<0.001 indicate
significant and highly significant differences,
respectively, while P-value>0.05 indicates a non-
significant difference.

Results

The samples from 60 cases of poorly differentiated
lung cancer were included, which were divided into 30
cases of LUSC and 30 cases of LUAD. Demographic,
clinicopathological, and follow-up parameters of all
included patients were detailed in Table 1.
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Table 1. Clinico-pathologic and follow-up characteristics of the studied lung cancer patients (N=60)

-- Histopathological subtype
Ch teristics Squamous Adenocarcinoma
aracteristic N=30 N

<65 years 27 45.00% 4 13.30% 23 76.70%
Age group
>65 years 33 55.00% 26 86.70% 7 23.30%
Male 39 65.00% 30 100.00% 9 30.00%
Sex
Female 21 35.00% 0 0.00% 21 70.00%
No 31 51.70% 12 40.00% 19 63.30%
Comorbidities
Yes 29 48.30% 18 60.00% 11 36.70%
No 25 41.70% 0 0.00% 25 83.30%
Smoking
Yes 35 58.30% 30 100.00% 5 16.70%
1 12 20.00% 5 16.70% 7 23.30%
Grade 2 37 61.70% 20 66.70% 17 56.70%
3 11 18.30% 5 16.70% 6 20.00%
5-7cm 19 31.70% 2 6.70% 17 56.70%
Size
>7cm 41 68.30% 28 93.30% 13 43.30%
Upper lobe 17 28.30% 6 20.00% 11 36.70%
Middle lobe 24 40.00% 16 53.30% 8 26.70%
Site
Lower Lobe 14 23.30% 6 20.00% 8 26.70%
All lung 5 8.30% 2 6.70% 3 10.00%
Malignant pleural No 48 80.00% 22 73.30% 26 86.70%
or pericardial
effusions Yes 12 20.00% 8 26.70% 4 13.30%
Stage 1IB 17 28.30% 10 33.30% 7 23.30%
Stage IIIA 14 23.30% 1 3.30% 13 43.30%
Stage
Stage 111B 7 11.70% 4 13.30% 3 10.00%
Stage IV 22 36.70% 15 50.00% 7 23.30%
Negative 16 26.70% 11 36.70% 5 16.70%
LN metastasis
Positive 44 73.30% 19 63.30% 25 83.30%
No 38 63.30% 15 50.00% 23 76.70%
Distant metastases
Yes 22 36.70% 15 50.00% 7 23.30%
T2b 14 23.30% 0 0.00% 14 46.70%
T T3 27 45.00% 19 63.30% 8 26.70%
T4 19 31.70% 11 36.70% 8 26.70%
N 0 16 26.70% 11 36.70% 5 16.70%
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-- Histopathological subtype
Squamous Adenocarcinoma
N=30 N=30

Characteristics

1 10 16.70% 0 0.00% 10 33.30%
2 14 23.30% 3 10.00% 11 36.70%
3 20 33.30% 16 53.30% 4 13.30%
MO 38 63.30% 15 50.00% 23 76.70%
M Mla 7 11.70% 5 16.70% 2 6.70%
Mib 15 25.00% 10 33.30% 5 16.70%
PD 10 16.70% 7 23.30% 3 10.00%
Response to SD 15 25.00% 1 36.70% 4 13.30%
treatment

PR 35 58.30% 12 40.00% 23 76.70%
Response to NR 15 25.00% 10 33.30% 5 16.70%
treatment OAR 45 75.00% 20 66.70% 25 83.30%
No 39 65.00% 16 53.30% 23 76.70%

Progression
Yes 21 35.00% 14 46.70% 7 23.30%
Alive 31 51.70% 14 46.70% 17 56.70%

Death

Dead 29 48.30% 16 53.30% 13 43.30%

Cytoplasmic Expression of Both CALCA2 and cytoplasmic Adipophilin expression were higher in

SPATS2

The expression of CALCA2 and SPATS2 was
found higher in LUSC than LUAD. Cytoplasmic and
membranous  ST6GALNAC1  expression  and

LUAD compared to LUSC (P<0.001).

The diagnostic performance of CLCA2, SPATS?2,
ST6GALNACI, and Adipophilin expression in the
differentiation between LUAD and LUSC are shown in
details in Table 2 and Figures 2 and 3.

Fig. 1. Histophathological description of the studied lung cancer samples. A: Poorly differentiated lung adenocarcinoma (LUAD)
with focal areas of glandular formation and focal necrosis. B: Moderately differentiated lung squamous cell carcinoma (LUSC)

with intra and extracellular keratinization.
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Fig. 2. Immunohistochemical profile of lung squamous cell carcinoma (LUSC) according to the results of the studied markers. A:
Diffuse cytoplasmic expression of CLCA2 in LUSC X400. B: Diffuse cytoplasmic expression of SPATS2 in LUSC X400. C:
Negative expression of STOGALNACI1 in LUSCX400. D: Negative expression of Adipophilin in LUSCX400.

Table 2. Diagnostic performance of CLCA2, SPATS2, ST6 GALNACI1 and Adipophilin expressions in differentiation between
Lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC)

Histopathological
pathologica Total
subtype

Squamo | Adenocarci N=60
Marker us noma B Sensitivity Specificity
(95% CI) (95% CI)

expression
N=30 N=30

N % N % N| %

Nega 5 16.7 29 96.7 | 3 | 56.7
tive 0% 0% | 4| 0%
CLCA* . <0. (78333 | (72211
Posit = 2 | 833 i 330 | 2 | 433 | 001 (65- 94%) (82-99%) (0.795 - % - % -
ive | 5| 0% % 6 | 0% 80% 90% 0.962) 99.425% | 92.829%
) )
Nega 3 10.0 29 96.7 | 3 | 533
tive 0% 0% | 2 0%
<0. (79.659 (76.729
SPATS2* Posit | 2 | 90.0 | 330 | 2 | 46.7 @ 001 (73-97%) (82-99%) (0.838 - % - % -
ive 7 0% % 8 0% 85% 94% 0.982) 99.466% | 96.592%
) )
Nega @ 2 | 90.0 3 10.0 | 3 | 50.0
Adipophi | tive | 7 | 0% 0% | 0| 0% | <0.
lin* Posit 3 10.0 27 90.0 | 3 | 50.0 @001 (62- 96%) (73- 97%) (0.751 - (65.597 (75.899
ive 0% 0% | 0 0% 78% 86% 0.952) % - % -
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Histopathologi
istopathological Total
subtype

Squamo | Adenocarci
Marker us noma
expression

— ) PPV
NS Sensitivity

Specificity

50
(95% CI) (95% CI) 5%
N=30 N=30 ) CI)

% N %

94.395% | 96.258%
) )
Nega | 2 | 933 | 330 | 2 | 483
tive | 8 | 0% % 9 | 0%
ST6GAL <0. (79.143 (80.262
NAC1* Posit ) 6.70 29 96.7 | 3 | 51.7 | 001 (82-99%) (77- 99 %) (0.861 - % - % -
ive % 0% | 1| 0% 84% 89% 0.990) 98.227% | 99.484%
) )
CLCA2,
SPATS2,
ST6
GALNA 100% 100% 100% 100% 100%
C1, and
Adipophi

lin

Target Genes Tissue Protein Expression in
LUSC and LUAD

The sensitivity and specificity of CLCA2 expression
for LUSC diagnosis and its differentiation from LUAD
were 80% and 90%, respectively (Table 3) and the
sensitivity and specificity of SPATS2 expression for
LUSC diagnosis and its differentiation from LUAD
were 85% and 94%, respectively (Table 3). The

The sensitivity and specificity of CLCA2, SPATS?2,
ST6GALNACI, and Adipophilin in adequate
subtyping of poorly differentiating lung cancer and
reaching accurate diagnosis was 100%.

Associations Between CLCA2, SPATS2,
ST6GALNACI, and Adipophilin Expression and
Survival of Included NSCLC Patients

Significant differences were found in the PFS and

sensitivity and specificity of STOGALNACI expression
for the diagnosis of LUAD and its differentiation from
LUSC were 84% and 89%, respectively (Table 3). The
sensitivity and specificity of Adipophilin expression for

OS rates between patients with negative and positive
CLCA2 expression (P=0.038 and P=0.019,
respectively). However, no statistically significant
difference was observed in PFS and OS rates between

the diagnosis of LUAD and its differentiation from

A patients with negative and positive SPATS2,
LUSC were 98% and 86%, respectively (Table 3).

ST6GALNACI, and Adipophilin expression. Table 3
and Figures 4 and 5.

Table 3. Progression-Free survival and overall survival rates of the included patients and association with expression of the studied
markers

Progression-Free Survival Analysis

Overall Survival Analysis

subtype ,
it Percen Rate% P TG N Percen Rate%
t s t
Negativ 100.0 100.0
1009 1000
Squamous e (N=5) 0 3 % 00% 0.03 0 3 % 00% 0.01
(N=30) }(’1(\)1552“5/)6 14 i 44.0%  42.0% 8 16 | 9 | 360%  31.5% ?
CLCA2 Negativ 2 1
7 75.99 74.59 13 55.2 54.6
Adenocarcino (sz 9) 2 % % 0.58 6 % ” 0.43
ma (N=30) - 6 9
Positive 100.0 o 100.0 o
. 0 1 . 100% 0 1 . 100%
Negativ |, 3 1?]0'0 100% 0 3 1?]0'0 100%
SPATS2 Squamous e (N=3) % 0.12 % 0.09
N=30 iti 8 -
(N=30) }(’1(\)1552“7/)6 14 ; 48.1%  46.6% 16 i 407% | 37.4%
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Progression-Free Survival Analysis Overall Survival Analysis
Histopathological
subtype ) PFS
Rate%
Negativ 5 |
.99 4.59 1 .29 4.6%
Adenocarcino (N:ez 9) 7 2 75:9% 74.5% 0.58 3 6 55.2% 54.6% 0.43
ma (N=30) M positive 100.0 6 100.0 ?
0 1 ' 1009 0 1 ' 1009
(N=1) % " % %
Negativ | |
e 14 48.1% 46.6% 16 40.7% 37.4%
Squamous (N=27) 3 0.12 1 0.09
(N=30) Positi 100.0 8 100.0 '
ositive I !
1009 1009
Adipophilin (N=3) 0 3 % 00% 0 3 % 00%
Negativ 100.0 100.0
1009 1009
Adenocarcino | e (N=3) 0 3 % 00% 0.32 0 3 % 00% 0.16
=30 it 5 :
ma (N=30) }(’;i‘tz';)e 7 é 741% | 72.4% 13 i 519% | 51.2%
Negativ | |
14 50.09 48.6% 16 42.99 40.09
Squamous (N:e2 %) 4 & & 0.22 2 & & 018
(N=30) Positive 100.0 6 100.0 '
ST6GALNA 0 2 ’ 100% 0 2 ’ 100%
c1 (N=2) % %
Negativ 100.0 100.0
1 1009 1 1009
Adenocarcino | e (N=1) 0 % 00% 0.58 0 % 00% 0.43
N=30 it 6 9
ma (N=30) }(’;S;tz“g’)e 7 § 75.9% | 74.5% 13 é 552% | 54.6%

pE 1 '_'h' R 'ﬂ %, p ‘-.. Lo ";4“.. * | -‘.J‘\;;‘.im‘. i 58 B B £ ;
Fig. 3. Immunohistochemical profile of lung adenocarcinoma (LUAD) according to the results of studied markers. A: Diffuse
cytoplasmic and membranous expression of STOGALNACI1 in LUAD X400. B: Diffuse cytoplasmic expression of Adipophilin in
LUAD X400. C: Negative expression of CLCA2 in LUADX400. D: Negative expression of SPATS2 in LUAD X400.
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Discussion

Being the most commonly identified disease and
the leading cause of tumor mortality, lung cancer has
been projected to be responsible for more than one
million reported diagnoses and almost a million deaths
all over the world (7). LUAD and LUSC are the two
main clinical subtypes of lung cancer that make up the
overwhelming majority of lung cancers identified,
although there are also discrepancies in their competent
biochemical mechanisms and characteristics, as well as
treatment approaches (8).

Over the recent years, the usage of selective
treatment based on the molecular and histological
features of cancer types has become a common
procedure. In the form of non-small cell lung cancer, it
is important to differentiate between LUAD and LUSC
to pick the most appropriate medication regimen (9)

However, this is often a problem for the
pathologists in tumors with undefined structures
leading to poor differentiation, necrosis, tiny biopsies,
or cytology with a restricted number of tumor cells. It
is impossible to render an accurate diagnosis based on
the H&E staining alone. At this point, the mixture of
immunohistochemical findings may be re-diagnosed;
hence, immunohistochemical staining is still advised
and commonly utilized in the clinical procedures (10).

Currently, a range of effective immune-
histochemical markers have been introduced to
differentiate LUAD from LUSC, including TTF-1,
napsin-A, p63, and CK5/6. Nevertheless, owing to the
absence of a systematic study of various subtypes of
lung cancer, there might also be un-discovered markers
of higher sensitivity, specificity, and application utility
(11-16).

There are three CLCA proteins (CLCA1, CLCA2,
and CLCA4), CLCA2 is a chloride conductance
protein, belongs to the calcium-sensitive family, and
considered as one of the p53 targets that negatively
controls the development, proliferation, and invasion
of malignant cells. Moreover, CLCA2 expression is
correlated with markers modifications of the
extracellular matrix in lung SCC (17-19).

Our immunohistochemical research showed that
the CLCA2 protein expression level was the
substantially higher frequency in the LUSC relative to
that in LUAD (80% sensitivity and 90% specificity).
These findings indicate that CLCA2 can be a novel
useful immunohistochemical marker for the
differential diagnostics between LUSC and LUAD. In
line with our findings, Shinmura et al. (3) reported that
CLCA2 protein expression in differentiation between
LUSC and LUAD showed 64.1% sensitivity and
99.1% specificity.

The expression of CLCA2 has been verified to
correlate with poor clinical outcomes in the breast
cancer patients, while the impact of reduced CLCA2
expression on survival has not yet been studied in the
patients with other types of cancer. Our current study
showed that impairment of CLCA2 protein expression
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status was a poor prognostic factor in the patients with
LUSC; also, CLCA2 protein expression was reported
by Shinmura ef al. (3) to be a poor prognostic factor in
the female patients with LUSC.

The SPATS2 gene was first identified to encode a
polypeptide comprising 545 amino acid residues in the
testis involved in sperm growth and production.
Subsequently, the researchers observed that SPATS2
had also been expressed in 25 human tissues. Recent
research has shown that SPATS2 is strongly expressed
in squamous cell carcinoma but rarely in non-lepidic
AD (20-21).

Our study showed that SPATS2 protein production
was higher in LUSC than in LUAD, where the
sensitivity of measurement of SPATS2 expression for
the diagnosis of SCC was 85%, and the specificity was
94%. Such results suggest that SPATS2 can be a new,
effective immunohistochemical marker for the
differential diagnosis between LUSC and LUAD.
Takamochi et al.| (2) and Osmani et al. (22) who
studied on discrimination between LUSC and LUAD,
found that the sensitivity and specificity of SPATS2 in
detecting lung SCC were (63% and 100%) and (67%
and 100%), respectively. This lower sensitivity may be
due to few cases and restrictions on the included cases
where they include a specific subgroup of poorly
differentiated squamous cell carcinoma (PDSCC).

ST6GalNACI is one of the candidate enzymes for
the Sialyl-Tn synthase, which is strongly expressed in
many human carcinomas and is consistent with
carcinoma aggressiveness and poor prognosis (23-25).

Our analysis found that ST6GalNACI protein
expression was substantially higher in LUAD than in
LUSC (84% sensitivity and 89% specificity). Such
results suggest that ST6GaINAC1 could be a novel
marker for the differential diagnosis between LUAD
and LUSC. In accordance with our results, Takamochi
et al. (2) observed the sensitivity and specificity of
ST6GalNACI1 in LUAD separation from LUSC at 67%
and 100%, respectively; such minor modifications
could be attributed to a small range of cases and
limitations on the eligible cases where they have a
particular PDSCC subgroup.

Our survival review of the patients with evaluated
SPATS2 and ST6GALNACIT protein expression found
no statistically meaningful gap in the progression-free
survival or overall survival levels between the patients
with negative and positive SPATS2 and ST6
GALNACI expression.

Metabolic changes, as well as mutations, are
defining characteristics in cancer biology. Cancer cells
may change their metabolic pathways to maximize the
energy needed for replication or expansion, initially
influencing glucose metabolism but increasingly in
lipid cholesterol. High lipid content in cancer cells is
also an indication of aggressive behavior. Up-
regulation of the lipid synthesis pathway has been
documented in several malignancies, including breast
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cancer, retinoblastoma, lung cancer, and colon cancer
(26-29).

Visualization of small lipid droplets (LDs) is better
encouraged by the immunohistochemical production of
Adipophilin, a vector for tiny LDs in non-Adipogenic
cells. The function of Adipophilin in cancer has
recently been explored and it is not only a diagnostic
marker but also an important prognosis predictor for
other cancers, though research on the prognosis
importance of Adipophilin in lung cancer has been
minimal (30-32).

Our study showed that the expression of
Adipophilin was higher in LUAD than in LUSC (84%
responsiveness and 89% specificity). Such results
indicate that Adipophilin could be a detective novel
marker for the differential diagnosis of LUAD and
LUSC. Following our progress, Shin et al. (5) and
Zhang et al. (33) indicated that the degree of
Adipophilin expression was significantly higher in the
lung adenocarcinoma than in squamous cell carcinoma.

Conclusion
In the current study, we used four novel biomarkers
and evaluated their expression using

immunohistochemistry in the tissue sections from
poorly differentiated lung cancer with different
histopathological subtypes aiming at adequate
diagnosis and subtyping them to LUSC and LUAD
which are considered as the most common subtypes
that have different treatment modalities, particularly in
small samples and necrotic samples with few viable
cells. We have concluded that the combined usage of
CLCA2, SPATS2, ST6GALNACI, and Adipophilin
may serve as potential markers for improving the
diagnostic utility for distinguishing between LUSC and
LUAD reaching a sensitivity and specificity up to
100%.

In the current study, we used novel biomarkers that
have not been already reported as a panel in the
differentiation between LUSC and LUAD and assessed
their expression using immunohistochemistry. The
combination of these four markers improves the
sensitivity and specificity of detection up to 100% that
can be valuable in poorly differentiated carcinoma and
small biopsies. This is the strength point of our study.

Additionally, we have assessed the prognostic
values of those markers and correlated their expression
with patients’ survival, which might help predict the
prognosis of lung cancer and discover novel targeted
therapies for such lethal cancer.

Limitations and weakness points of our work are
the relatively few numbers of cases, single-center
evaluation of the patients and their samples in addition
to using only immunohistochemistry for evaluating the
tissue protein expression. Performing a large-scale
study involving a large number of patients’ populations
using different methods of marker evaluation such as
genetic studies are recommended to confirm our
results.

Vol.16 No.2 Spring 2021

Mohamed Ali Alabiad et al. 171

Acknowledgements
NA

Conflict of Interest

The authors had no conflict of interest to report.

Funding

There is no funding source.

References

1. Zhan C, Yan L, Wang L, Sun Y, Wang X, Lin Z,
Zhang Y, Shi Y, Jiang W, Wang Q. Identification of
immunohistochemical markers for distinguishing
lung adenocarcinoma from squamous cell
carcinoma. J Thorac Dis. 2015;7(8):1398.

2. Takamochi K, Ohmiya H, Itoh M, Mogushi K, Saito
T, Hara K, Mitani K, Kogo Y, Yamanaka Y, Kawai
J, Hayashizaki Y. Novel biomarkers that assist in
accurate discrimination of squamous cell carcinoma
from adenocarcinoma of the lung. BMC cancer.
2016;  1;16(1):760. [DOI:10.1186/s12885-016-
2792-1] [PMID] [PMCID]

3. Shinmura K, Igarashi H, Kato H, Kawanishi Y,
Inoue Y, Nakamura S, Ogawa H, Yamashita T,
Kawase A, Funai K, Sugimura H. CLCA?2 as a novel
immunohistochemical marker for the differential
diagnosis of squamous cell carcinoma from
adenocarcinoma of the lung. Dis Markers. 2014.
[DOI:10.1155/2014/619273] [PMID] [PMCID]

4. Qiang YY, LiCZ, SunR, Zheng LS, Peng LX, Yang
JP, Meng DF, Lang YH, Mei Y, Xie P, Xu L. Along
with its favorable prognostic role, CLCA2 inhibits
growth and metastasis of nasopharyngeal carcinoma
cells via inhibition of FAK/ERK signaling. J Exp

Clin Cancer Res. 2018;37(1):34.
[DOI:10.1186/s13046-018-0692-8] [PMID]
[PMCID]

5. Shin SA, Na HY, Choe JY, Chung D, Park M, Oh S,
Kim JE. The expression of adipophilin is frequently
found in solid subtype adenocarcinoma and is
associated with adverse outcomes in lung
adenocarcinoma. J  Pathol  Transl  Med.
2018;52(6):357.  [DOI:10.4132/jptm.2018.09.13]
[PMID] [PMCID]

6. Travis WD, Brambilla E, Muller-Hermelink HK,
Harris CC. Pathology and genetics of tumours of the
lung, pleura, thymus, and heart. Lyon, France:
World Health Organization Classification of
Tumours, IARC; 2004.

7. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-
Tieulent J, Jemal A. Global cancer statistics, 2012.
CA Cancer J Clin. 2015 Mar;65(2):87-108.
[DOI:10.3322/caac.21262] [PMID]

8. Jemal A, Bray F, Center MM, Ferlay J, Ward E,
Forman D. Global cancer statistics. CA Cancer J
Clin. 2011; 61(2):69-90. [DOI:10.3322/caac.20107]
[PMID]

9. Thunnissen E, Witte BI, Nicholson AG.
Reproducibility of Histopathological Diagnosis in

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1186/s12885-016-2792-1
https://doi.org/10.1186/s12885-016-2792-1
https://www.ncbi.nlm.nih.gov/pubmed/27681076
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5041559
https://doi.org/10.1155/2014/619273
https://www.ncbi.nlm.nih.gov/pubmed/25548429
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4274868
https://doi.org/10.1186/s13046-018-0692-8
https://www.ncbi.nlm.nih.gov/pubmed/29463274
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5819171
https://doi.org/10.4132/jptm.2018.09.13
https://www.ncbi.nlm.nih.gov/pubmed/30286563
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6250937
https://doi.org/10.3322/caac.21262
https://www.ncbi.nlm.nih.gov/pubmed/25651787
https://doi.org/10.3322/caac.20107
https://www.ncbi.nlm.nih.gov/pubmed/21296855

172 Novel Biomarkers Expression in LUAD and LUSC

10.

11.

12.

13.

14.

15.

16.

17.

18.

Poorly Differentiated NSCLC: An International
Multiobserver ~ Study. J  Thorac  Oncol.
2015;1;10(1):e4.
[DOI:10.1097/JTO.0000000000000425] [PMID]

Edwards SL, Roberts C, McKean ME, Cockburn JS,
Jeffrey RR, Kerr KM. Preoperative histological
classification of primary lung cancer: accuracy of
diagnosis and use of the non-small cell category. J
Clin Pathol. 2000; 1;53(7):537-40.
[DOI:10.1136/jcp.53.7.537] [PMID] [PMCID]

Herbst RS, Heymach JV, Lippman S. Molecular
origins. of cancer. N Engl J Med.
2008;359(13):1367-80.
[DOI:10.1056/NEJMra0802714] [PMID]

Yeh YC, Kadota K, Nitadori JI, Sima CS, Rizk NP,
Jones DR, Travis WD, Adusumilli PS. International
Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society
classification predicts occult lymph node metastasis
in clinically mediastinal node-negative lung
adenocarcinoma. J Cardio-Thorac Surg. 2016;
1;49(1):e9-15. [DOI:10.1093/ejcts/ezv316] [PMID]
[PMCID]

Travis WD, Rekhtman N, Riley GJ, Geisinger KR,
Asamura H, Brambilla E, Garg K, Hirsch FR,
Noguchi M, Powell CA, Rusch VW. Pathologic
diagnosis of advanced lung cancer based on small
biopsies and cytology: a paradigm shift. J Thorac
Oncol. 2010; 1;5(4):411-4.
[DOI:10.1097/JTO.0b013e3181d57f6e] [PMID]

Nagashio R, Ueda J, Ryuge S, Nakashima H, Jiang
SX, Kobayashi M, Yanagita K, Katono K, Satoh Y,
Masuda N, Murakumo Y. Diagnostic and prognostic
significances of MUC5B and TTF-1 expressions in
resected non-small cell lung cancer. Sci Rep. 2015;
3; 5:8649. [DOI:10.1038/srep08649] [PMID]
[PMCID]

Ao MH, Zhang H, Sakowski L, Sharma R, Illei PB,
Gabrielson E, Askin F, Li QK. The utility of a novel
triple marker (combination of TTF1, napsin A, and
p40) in the subclassification of non-small cell lung
cancer. Hum Pathol. 2014; 1;45(5):926-34.
[DOI:10.1016/j.humpath.2014.01.005] [PMID]
[PMCID]

Khayyata S, Yun S, Pasha T, Jian B, McGrath C, Yu
G, Gupta P, Baloch Z. Value of P63 and CK5/6 in
distinguishing squamous cell carcinoma from
adenocarcinoma in lung fine-needle aspiration
specimens. Diagn Cytopathol. 2009;37(3):178-83.
[DOI:10.1002/dc.20975] [PMID]

Gruber AD, Schreur KD, Ji HL, Fuller CM, Pauli
BU. Molecular cloning and transmembrane structure
of hCLCA2 from human lung, trachea, and
mammary gland. Am J Physiol. 1999; 1;
276(6):C1261-70.
[DOI:10.1152/ajpeell.1999.276.6.C1261] [PMID]

Elble RC, Walia V, Cheng HC, Connon CJ,
Mundhenk L, Gruber AD, Pauli BU. The putative
chloride channel hCLCA?2 has a single C-terminal
transmembrane segment. J Biol Chem. 2006; 6;
281(40):29448-54. [DOI:10.1074/jbc.M605919200]
[PMID]

Vol.16 No.2 Spring 2021

19.

20.

21.

22.

23.

24.

25.

26.

27.

YuY, Walia V, Elble RC. Loss of CLCA4 promotes

epithelial-to-mesenchymal transition in breast
cancer cells. PloS One. 2013;8(12).
[DOI:10.1371/journal.pone.0083943] [PMID]

[PMCID]

Xing J, Tian Y, Ji W, Wang X. Comprehensive
evaluation of SPATS2 expression and its prognostic
potential in liver cancer. Medicine. 2020; 1;
99(9):19230.
[DOI:10.1097/MD.0000000000019230]
[PMCID]

[PMID]

Senoo M, Hoshino S, Mochida N, Matsumura Y,
Habu S. Identification of a novel protein p59scr,
which is expressed at specific stages of mouse
spermatogenesis. Biochem Biophys Res Commun.
2002; 12; 292(4):992-8.
[DOLI:10.1006/bbrc.2002.6769] [PMID]

Osmani L, Askin F, Gabrielson E, Li QK. Current
WHO guidelines and the critical role of
immunohistochemical markers in the
subclassification of non-small cell lung carcinoma
(NSCLC): Moving from targeted therapy to
immunotherapy. InSeminars in cancer biology 2018;
52: (103-109).
[DOI:10.1016/j.semcancer.2017.11.019]  [PMID]
[PMCID]

Kurosawa N, Inoue M, Yoshida Y, Tsuji S.
Molecular cloning and genomic analysis of mouse
Galpl, 3GalNAc-specific GalNAc o2, 6-
sialyltransferase. J Biol Chem. 1996; 21;
271(25):15109-16.
[DOI:10.1074/jbc.271.25.15109] [PMID]

Kurosawa N, Takashima S, Kono M, Ikehara Y,
Inoue M, Tachida Y, Narimatsu H, Tsuji S.
Molecular cloning and genomic analysis of mouse
GalNAc a2, 6-sialyltransferase (ST6GalNAc I). J
Biochem. 2000;1;127(5):845-54.
[DOI:10.1093/oxfordjournals.jbchem.a022678]
[PMID]

Brockhausen I, Yang JM, Burchell J, Whitehouse C,
Taylor-Papadimitriou J. Mechanisms underlying
aberrant glycosylation of MUC1 mucin in breast
cancer cells. Euro J Biochem. 1995; 233(2):607-17.
[DOI:10.1111/1.1432-1033.1995.607_2.x] [PMID]

Alo PL, Visca P, Marci A, Mangoni A, Botti C, Di
Tondo U. Expression of fatty acid synthase (FAS) as
a predictor of recurrence in stage I breast carcinoma
patients. Cancer: Interdisciplinary International
Journal of the American Cancer Soc. 1996;
1;77(3):474-82 https://doi.org/10.1002/(SICI)1097-
0142(19960201)77:3<474::AID-

CNCR8>3.0.CO;2-K  [DOI:10.1002/(SICI)1097-
0142(19960201)77:33.0.C0O:2-K]

Camassei FD, Cozza R, Acquaviva A, Jenkner A,
Rava L, Gareri R, Donfrancesco A, Bosman C,
Vadala P, Hadjistilianou T, Boldrini R. Expression
of the lipogenic enzyme fatty acid synthase (FAS) in
retinoblastoma and its correlation with tumor
aggressiveness. Investig Ophthalmol Vis. Sci. 2003;
1;44(6):2399-403. [DOI:10.1167/i0vs.02-0934]
[PMID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1097/JTO.0000000000000425
https://www.ncbi.nlm.nih.gov/pubmed/25654732
https://doi.org/10.1136/jcp.53.7.537
https://www.ncbi.nlm.nih.gov/pubmed/10961178
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1731233
https://doi.org/10.1056/NEJMra0802714
https://www.ncbi.nlm.nih.gov/pubmed/18815398
https://doi.org/10.1093/ejcts/ezv316
https://www.ncbi.nlm.nih.gov/pubmed/26377636
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4678972
https://doi.org/10.1097/JTO.0b013e3181d57f6e
https://www.ncbi.nlm.nih.gov/pubmed/20357614
https://doi.org/10.1038/srep08649
https://www.ncbi.nlm.nih.gov/pubmed/25733373
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346793
https://doi.org/10.1016/j.humpath.2014.01.005
https://www.ncbi.nlm.nih.gov/pubmed/24746197
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4178947
https://doi.org/10.1002/dc.20975
https://www.ncbi.nlm.nih.gov/pubmed/19170169
https://doi.org/10.1152/ajpcell.1999.276.6.C1261
https://www.ncbi.nlm.nih.gov/pubmed/10362588
https://doi.org/10.1074/jbc.M605919200
https://www.ncbi.nlm.nih.gov/pubmed/16873362
https://doi.org/10.1371/journal.pone.0083943
https://www.ncbi.nlm.nih.gov/pubmed/24386311
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3873418
https://doi.org/10.1097/MD.0000000000019230
https://www.ncbi.nlm.nih.gov/pubmed/32118724
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7478581
https://doi.org/10.1006/bbrc.2002.6769
https://www.ncbi.nlm.nih.gov/pubmed/11944913
https://doi.org/10.1016/j.semcancer.2017.11.019
https://www.ncbi.nlm.nih.gov/pubmed/29183778
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5970946
https://doi.org/10.1074/jbc.271.25.15109
https://www.ncbi.nlm.nih.gov/pubmed/8662927
https://doi.org/10.1093/oxfordjournals.jbchem.a022678
https://www.ncbi.nlm.nih.gov/pubmed/10788794
https://doi.org/10.1111/j.1432-1033.1995.607_2.x
https://www.ncbi.nlm.nih.gov/pubmed/7588808
https://doi.org/10.1002/(SICI)1097-0142(19960201)77:33.0.CO;2-K
https://doi.org/10.1002/(SICI)1097-0142(19960201)77:33.0.CO;2-K
https://doi.org/10.1167/iovs.02-0934
https://www.ncbi.nlm.nih.gov/pubmed/12766036

28.

29.

30.

Migita T, Narita T, Nomura K, Miyagi E, Inazuka F,
Matsuura M, Ushijima M, Mashima T, Seimiya H,
Satoh Y, Okumura S. ATP citrate lyase: Activation
and therapeutic implications in non-small cell lung
cancer. Cancer Res. 2008; 15;68(20):8547-54.
[DOI:10.1158/0008-5472.CAN-08-1235] [PMID]

Luque-Garcia JL, Martinez-Torrecuadrada JL,
Epifano C, Cafiamero M, Babel I, Casal JI
Differential protein expression on the cell surface of
colorectal cancer cells associated to tumor
metastasis. Proteomics. 2010;10(5):940-52.
[DOI:10.1002/pmic.200900441] [PMID]

Heid HW, Moll R, Schwetlick I, Rackwitz HR,
Keenan TW. Adipophilin is a specific marker of
lipid accumulation in diverse cell types and diseases.
Cell Tissue Res. 1998;  1;294(2):309-21.
[DOI:10.1007/s004410051181] [PMID]

How to Cite This Article

31.

32.

33.

Mohamed Ali Alabiad et al. 173

Tolkach Y, Liders C, Meller S, Jung K, Stephan C,
Kristiansen G. Adipophilin as prognostic biomarker
in clear cell renal cell carcinoma. Oncotarget. 2017,
25;8(17):28672. [DOI:10.18632/oncotarget.15639]
[PMID] [PMCID]

Kohe S, Colmenero I, McConville C, Peet A.
Immunohistochemical staining of lipid droplets with
adipophilin in paraffin-embedded glioma tissue
identifies an association between lipid droplets and
tumour grade. J Histol Histopathol. 2017; 4:4.
[DOI:10.7243/2055-091X-4-4]

Zhang XD, Li W, Zhang N, Hou YL, Niu ZQ, Zhong
YJ, Zhang YP, Yang SY. Identification of
adipophilin as a potential diagnostic tumor marker
for lung adenocarcinoma. Int. J Clin Exp Med.
2014;7(4):1190.

Alabiad, M., Harb, O., Abozaid, M., Embaby, A., Mandour, D., Hemeda, R., Shalaby, A. The Diagnostic and Prognostic Roles
of Combined Expression of Novel Biomarkers in Lung Adenocarcinoma (LUAD) and Lung Squamous Cell Carcinoma (LUSC);
An Immunohistochemical Study. lranian Journal of Pathology; 2020; 16(2): 162-173. doi: 10.30699/ijp.2020.130944.2452

Vol.16 No.2 Spring 2021

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1158/0008-5472.CAN-08-1235
https://www.ncbi.nlm.nih.gov/pubmed/18922930
https://doi.org/10.1002/pmic.200900441
https://www.ncbi.nlm.nih.gov/pubmed/20049862
https://doi.org/10.1007/s004410051181
https://www.ncbi.nlm.nih.gov/pubmed/9799447
https://doi.org/10.18632/oncotarget.15639
https://www.ncbi.nlm.nih.gov/pubmed/28404922
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5438682
https://doi.org/10.7243/2055-091X-4-4

	1. Pathology Department, Faculty of Medicine, Zagazig University, Zagazig, Egypt
	2. Chest Department, Faculty of Medicine, Zagazig University, Zagazig, Egypt
	3. Internal Medicine Department, Faculty of Medicine, Zagazig University, Zagazig, Egypt
	4. Clinical Oncology and Nuclear Medicine Department, Faculty of Medicine, Zagazig University, Zagazig, Egypt
	5. Histology and Cell Biology Department, Faculty of Medicine, Tanta University, Tanta, Egypt
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Conflict of Interest
	Funding
	References
	1. Zhan C, Yan L, Wang L, Sun Y, Wang X, Lin Z, Zhang Y, Shi Y, Jiang W, Wang Q. Identification of immunohistochemical markers for distinguishing lung adenocarcinoma from squamous cell carcinoma. J Thorac Dis. 2015;7(8):1398.
	2. Takamochi K, Ohmiya H, Itoh M, Mogushi K, Saito T, Hara K, Mitani K, Kogo Y, Yamanaka Y, Kawai J, Hayashizaki Y. Novel biomarkers that assist in accurate discrimination of squamous cell carcinoma from adenocarcinoma of the lung. BMC cancer. 2016; 1...
	3. Shinmura K, Igarashi H, Kato H, Kawanishi Y, Inoue Y, Nakamura S, Ogawa H, Yamashita T, Kawase A, Funai K, Sugimura H. CLCA2 as a novel immunohistochemical marker for the differential diagnosis of squamous cell carcinoma from adenocarcinoma of the ...
	4. Qiang YY, Li CZ, Sun R, Zheng LS, Peng LX, Yang JP, Meng DF, Lang YH, Mei Y, Xie P, Xu L. Along with its favorable prognostic role, CLCA2 inhibits growth and metastasis of nasopharyngeal carcinoma cells via inhibition of FAK/ERK signaling. J Exp Cl...
	5. Shin SA, Na HY, Choe JY, Chung D, Park M, Oh S, Kim JE. The expression of adipophilin is frequently found in solid subtype adenocarcinoma and is associated with adverse outcomes in lung adenocarcinoma. J Pathol Transl Med. 2018;52(6):357. [DOI:10.4...
	6. Travis WD, Brambilla E, Muller-Hermelink HK, Harris CC. Pathology and genetics of tumours of the lung, pleura, thymus, and heart. Lyon, France: World Health Organization Classification of Tumours, IARC; 2004.
	7. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet‐Tieulent J, Jemal A. Global cancer statistics, 2012. CA Cancer J Clin. 2015 Mar;65(2):87-108. [DOI:10.3322/caac.21262] [PMID]
	8. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin. 2011; 61(2):69-90. [DOI:10.3322/caac.20107] [PMID]
	9. Thunnissen E, Witte BI, Nicholson AG. Reproducibility of Histopathological Diagnosis in Poorly Differentiated NSCLC: An International Multiobserver Study. J Thorac Oncol. 2015;1;10(1):e4. [DOI:10.1097/JTO.0000000000000425] [PMID]
	10. Edwards SL, Roberts C, McKean ME, Cockburn JS, Jeffrey RR, Kerr KM. Preoperative histological classification of primary lung cancer: accuracy of diagnosis and use of the non-small cell category. J Clin Pathol. 2000; 1;53(7):537-40. [DOI:10.1136/jc...
	11. Herbst RS, Heymach JV, Lippman S. Molecular origins of cancer. N Engl J Med. 2008;359(13):1367-80. [DOI:10.1056/NEJMra0802714] [PMID]
	12. Yeh YC, Kadota K, Nitadori JI, Sima CS, Rizk NP, Jones DR, Travis WD, Adusumilli PS. International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society classification predicts occult lymph node metastasis...
	13. Travis WD, Rekhtman N, Riley GJ, Geisinger KR, Asamura H, Brambilla E, Garg K, Hirsch FR, Noguchi M, Powell CA, Rusch VW. Pathologic diagnosis of advanced lung cancer based on small biopsies and cytology: a paradigm shift. J Thorac Oncol. 2010; 1;...
	14. Nagashio R, Ueda J, Ryuge S, Nakashima H, Jiang SX, Kobayashi M, Yanagita K, Katono K, Satoh Y, Masuda N, Murakumo Y. Diagnostic and prognostic significances of MUC5B and TTF-1 expressions in resected non-small cell lung cancer. Sci Rep. 2015; 3; ...
	15. Ao MH, Zhang H, Sakowski L, Sharma R, Illei PB, Gabrielson E, Askin F, Li QK. The utility of a novel triple marker (combination of TTF1, napsin A, and p40) in the subclassification of non-small cell lung cancer. Hum Pathol. 2014; 1;45(5):926-34. [...
	16. Khayyata S, Yun S, Pasha T, Jian B, McGrath C, Yu G, Gupta P, Baloch Z. Value of P63 and CK5/6 in distinguishing squamous cell carcinoma from adenocarcinoma in lung fine‐needle aspiration specimens. Diagn Cytopathol. 2009;37(3):178-83. [DOI:10.100...
	17. Gruber AD, Schreur KD, Ji HL, Fuller CM, Pauli BU. Molecular cloning and transmembrane structure of hCLCA2 from human lung, trachea, and mammary gland. Am J Physiol. 1999; 1; 276(6):C1261-70. [DOI:10.1152/ajpcell.1999.276.6.C1261] [PMID]
	18. Elble RC, Walia V, Cheng HC, Connon CJ, Mundhenk L, Gruber AD, Pauli BU. The putative chloride channel hCLCA2 has a single C-terminal transmembrane segment. J Biol Chem. 2006; 6; 281(40):29448-54. [DOI:10.1074/jbc.M605919200] [PMID]
	19. Yu Y, Walia V, Elble RC. Loss of CLCA4 promotes epithelial-to-mesenchymal transition in breast cancer cells. PloS One. 2013;8(12). [DOI:10.1371/journal.pone.0083943] [PMID] [PMCID]
	20. Xing J, Tian Y, Ji W, Wang X. Comprehensive evaluation of SPATS2 expression and its prognostic potential in liver cancer. Medicine. 2020; 1; 99(9):e19230. [DOI:10.1097/MD.0000000000019230] [PMID] [PMCID]
	21. Senoo M, Hoshino S, Mochida N, Matsumura Y, Habu S. Identification of a novel protein p59scr, which is expressed at specific stages of mouse spermatogenesis. Biochem Biophys Res Commun. 2002; 12; 292(4):992-8. [DOI:10.1006/bbrc.2002.6769] [PMID]
	22. Osmani L, Askin F, Gabrielson E, Li QK. Current WHO guidelines and the critical role of immunohistochemical markers in the subclassification of non-small cell lung carcinoma (NSCLC): Moving from targeted therapy to immunotherapy. InSeminars in can...
	23. Kurosawa N, Inoue M, Yoshida Y, Tsuji S. Molecular cloning and genomic analysis of mouse Galβ1, 3GalNAc-specific GalNAc α2, 6-sialyltransferase. J Biol Chem. 1996; 21; 271(25):15109-16. [DOI:10.1074/jbc.271.25.15109] [PMID]
	24. Kurosawa N, Takashima S, Kono M, Ikehara Y, Inoue M, Tachida Y, Narimatsu H, Tsuji S. Molecular cloning and genomic analysis of mouse GalNAc α2, 6-sialyltransferase (ST6GalNAc I). J Biochem. 2000;1;127(5):845-54. [DOI:10.1093/oxfordjournals.jbchem...
	25. Brockhausen I, Yang JM, Burchell J, Whitehouse C, Taylor‐Papadimitriou J. Mechanisms underlying aberrant glycosylation of MUC1 mucin in breast cancer cells. Euro J Biochem. 1995; 233(2):607-17. [DOI:10.1111/j.1432-1033.1995.607_2.x] [PMID]
	26. Alo PL, Visca P, Marci A, Mangoni A, Botti C, Di Tondo U. Expression of fatty acid synthase (FAS) as a predictor of recurrence in stage I breast carcinoma patients. Cancer: Interdisciplinary International Journal of the American Cancer Soc. 1996; ...
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