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INTRODUCTION
Lung cancer is a potentially fatal disease which
ranked as the 2" commonest cancer in both
males and females after breast and prostatic cancer
respectively, forming the primary cause of cancer

related fatality [1, 2].

Non small—cell lung cancer (NSCLC) forms the
commonest histopathological subtype representing
about 85% of all lung cancer subtypes and includes
two main types which are squamous cell carcinoma

and adenocarcinoma [3].
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Abstract:
background: Accurate diagnosis, early detection, and differentiation of lung
adenocarcinoma from mesothelioma; particularly the epithelioid subtype is
needed to allow better management thus to improve their prognosis.Aim of
our study was to assess applicability of CPA4, UHRF1, glypican-1 and CD90
expression by immunohistochemistry to differentiate between lung
adenocarcinoma and epithelioid mesothelioma in addition to detection of their
prognostic roles and relation to patients’ survival.
Methods: We collected samples from 30 patients diagnosed with lung
adenocarcinoma and 30 patients diagnosed with epithelioid mesothelioma. For
the immunohistochemistry, sections of all collected samples were incubated
with CPA4, UHRF1, glypican-1 and CD90 to assess their diagnostic accuracy.
RESULTS: A highly significant association was detected between positive
CPA4, UHRF1 expression in lung adenocarcinoma and their diagnostic
accuracy (p value <0.001). Also, highly significant association was detected
between positive CD90, Glypican 1 expression in epithelioid mesothelioma
and their diagnostic accuracy (p value <0.001). CPA4 expression was
associated with shorter OS rate (P value 0.019, 0.009) UHRF1 expression was
associated with shorter OS rate (P value=0.009)
Conclusions:  CPA4, UHRF1, glypican-1 and CD90 were considered novel
biomarkers that have important roles in differentiation between epithelioid
malignant mesothelioma and adenocarcinoma of the lung with high sensitivity
and specificity.
Keywords:
lung Adenocarcinoma, Epithelioid Mesothelioma, CPA4, UHRFL,
Glypican-1, CD90

Many patients who were diagnosed with
adenocarcinoma of the lung die within a short
period after diagnosis and a small number of

patients survive for years. Factors affecting
prognosis and unfavorable outcome remain
unknown [4].

Lung adenocarcinoma, particularly poorly

differentiated cases, lacks early and accurate
diagnosis which leads to late detection in advanced
stages which lead to dismal clinical outcome [5].
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Malignant mesothelioma is a highly aggressive
malignant pleural tumor with a short median overall
survival rate, and it forms a marked diagnostic
challenge for pathologists for its diagnosis and
differentiating it from lung adenocarcinoma [6].

Mesothelioma has 3 main histological subtypes;
epithelioid (the commonest subtype), sarcomatoid
and biphasic mesothelioma [7].

Accurate  diagnosis, early detection and
differentiation of lung adenocarcinoma from
mesothelioma; particularly the epithelioid subtype is
needed to allow better management thus to improve
their prognosis [8].

There are many routinely used biomarkers for
differentiation between lung adenocarcinoma and
epithelioid mesothelioma Calretinin, WT1, D2-40,
MOC31 and TTF1 but their specificity and
sensitivity are not high enough to reach accurate
diagnosis [9].

Novel, specific and sensitive markers are highly
needed.

Carboxypeptidase A4 (CPA4) is carboxypeptidase
A/B subfamily member which participated in
carcinogenesis,  progression, and  aggressive
behavior of many cancers [10,11].

CPAA4 stimulated carcinogenesis, angiogenesis,
invasion and metastases by protein Kkinase
B(AKT)/c-MYC pathway activation and by
controlling cancer stem cell behavior [12].

Ubiquitin-like with PHD and ring finger
domains 1 (UHRF1) is a nuclear protein which is
found in proliferating cells only, but it is not
detected in quiescent cells [13].

UHRF1 upregulation was found in many
cancers, additionally it was found to have a
powerful diagnostic and prognostic roles in lung
cancer [14].

Glypican-1 is a heparan sulfate proteoglycan
family member that is commonly found at the cell
surface and the extracellular matrix. Glypicans
played many roles for cancer growth and
progression [9].

CD90 was found to be a cancer stem cell

marker in many cancers [15], but its role in
diagnosis or progression of lung cancer is still not
defined.
Aim of our study was to assess applicability of
CPA4, UHRF1, glypican-1 and CD90 expression by
immunohistochemistry to differentiate between lung
adenocarcinoma and epithelioid mesothelioma in
addition to detection of their prognostic roles and
relation to patients’ survival.
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MATERIALS AND METHODS
Inclusion criteria
Cases with a sure diagnosis of lung adenocarcinoma
and epithelioid mesothelioma, patients with
sufficient samples in the paraffin blocks for
immunohistochemistry and patients with complete
clinical and follow-up data were included in our
study.
Exclusion criteria
Cases diagnosed with other histopathological
subtypes of lung carcinoma or mesotheliomas were
excluded from the study.
Patients and tissue samples
We collected samples from 30 patients diagnosed
with lung adenocarcinoma and 30 patients
diagnosed with epithelioid mesothelioma. We
collected all clinical data as (patients’ age, sex,
smoking status and co-morbid conditions),
pathological data as (histopathological subtype,
tumor grade, TNM stage and presence or absence of
pleural effusion), and follow-up data as patients’
survival, recurrence and response to therapy. All
samples were collected from Zagazig university.
Immunohistochemistry
For the immunohistochemistry, sections of all
collected samples were incubated with primary
monoclonal anti-CPA4 antibody (1:100; Abcam,
USA), primary mouse monoclonal anti-UHRF1
antibody (1: 1000, BD Bioscience), primary
polyclonal anti-glypican-1 antibody (1:100 dilution;
Proteintech  Group, Rosemount, USA), and
polyclonal anti- CD90 (Dako Cytomation). The
results were assessed by three independent
pathologists.
Evaluation of CPA4, UHRF1, glypican-1 and
CD90 expression
We assessed cytoplasmic CPA4, glypican-1 and
CD90 expression and nuclear UHRF1 expression
semi-quantitatively in included tissues.
Staining intensity was classified as no staining
(score = 0), weak staining (score = 1), moderate
staining (score = 2) and strong staining (score = 3).
Staining percentage was classified as no staining (0-
5%), score 1 (5-50%), score 2 (50-75%) and score 3
(75-100%) [13, 15].
Final stain score of markers expression was
obtained by multiplying the percentage and
intensity scores of positively stained tumor cells
giving scores from 0-9, we considered 3 as the cut
point for positive stain of included markers above
which is considered positive stain and below which
is considered negative stain.
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Statistical analysis:

Collected clinical, pathological, and oncological
data were statistically analyzed using Statistical
Package for Social Sciences (SPSS 24 Inc. Chicago,
IL, USA) program. Testing of data for normal
distribution was performed using the Shapiro Walk
test. We represented qualitative data as frequencies
and percentages. We used Chi square (y2) and
Fisher exact tests for calculating differences
between qualitative variables. We expressed
quantitative data as median and range.

Ethical approval:

Written informed consent was obtained from all
participants. This study was approved by the
Institutional Review Board (IRB) Zagazig
University, Faculty of Medicine (IRB number:
ZU-IRB #10112/20-11/2022). The study was done
according to The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
studies involving humans [16].

Survival analysis

Kaplan Meier survival curves were used for
estimation of overall and disease-free survival rates
and comparing survival curves was done using log
rank test.

Overall survival (OS): was defined as time
from disease diagnosis to death or last follow up
date. Progression -free survival (PFS): was
defined as time from starting treatment to disease
progression date.

P-value < 0.05 indicates significant results, p
<0.001 indicates highly significant results while, P>
0.05 indicates non-significant differences for all
tests.

RESULTS:

Demographic, clinicopathological and prognostic
parameters of included patients [Tablel]:

We showed that 55% of our patients were older than
45 years old (p value =0.003), 60% of them were
males (p value =0.002), 33.00% were smoker (p
value= 0.005) , 73.30% showed positive lymph
node metastasis, evidence of distant metastasis was
detected in 36.70% of cases (p value= 0.032),
58.3% of patients showed partial response to
therapy and 25% showed stable disease (p value
=0.016).

CPA4, UHRF1, CD90 and glypican-lexpression
in samples of included patients [Table 2, figures
1land 2.

We showed that samples from 50/60 (83.3%%) lung
adenocarcinoma  cases  versus only  two
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mesothelioma cases showed diffuse strong
cytoplasmic CPA4 expression, samples from 54/60
(90%) lung adenocarcinoma cases versus only two
mesothelioma cases showed nuclear UHRF1
expression, 58/60 (96.7%) mesothelioma cases
versus four lung adenocarcinoma cases showed
cytoplasmic Glypican 1 expression, 54/60 (90%)
mesothelioma cases versus six lung adenocarcinoma
showed cytoplasmic CD 90 expression. All with
highly statistically significant association (p
value<0.001)

Diagnostic accuracy of CPA4, UHRF1, CD90
and glypican-lexpression in differentiation
between lung adenocarcinoma and epithelioid
mesothelioma [Table 3]

A highly significant association was detected
between positive CPA4, UHRF1 expression in lung
adenocarcinoma and their diagnostic accuracy (p
value <0.001).

Also, highly significant association was detected
between positive CD90, Glypican 1 expression in
epithelioid mesothelioma and their diagnostic
accuracy (p value <0.001).

Prognostic values of CPA4, UHRF1, CD90 and
glypican-lexpression in patients with lung
adenocarcinoma and epithelioid mesothelioma
and association with progression-Free survival
and overall survival rates [Table 4, Figures 3].
Significant overall survival difference was found
regarding some markers’ expression; for CPA4
expression (P value of PFS in lung adenocarcinoma
was 0.038 wversus 0.006 in epithelioid
mesothelioma), for UHRF1 expression (P value of
PFS in lung adenocarcinoma was 0.008 versus
0.586 in epithelioid mesothelioma), for CD90
expression (P value of PFS in lung adenocarcinoma
was 0.128 wversus 0.325 in epithelioid
mesothelioma).

For Glypicanl expression (P value of PFS in lung
adenocarcinoma was 0.226 wversus 0.586 in
epithelioid mesothelioma).

CPA4 expressions were independently associated
with shorter OS in both adenocarcinoma and
mesothelioma (P value 0.019, 0.009)

UHRF1 expression was independently associated
with shorter OS in adenocarcinoma (P value=0.009)
and not in mesothelioma

CD90 expression was not associated with OS in
both adenocarcinoma and mesothelioma.

Glypican 1 expression was not associated with OS
in both adenocarcinoma and mesothelioma.
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Table 1: Demographic, clinicopathological and prognostic parameters of included patients

Histopathological subtype
lung epithelioid Total
Characteristics adenocarcinoma | mesothelioma N=120 p
N=60 N=60
N % N % N %
Age group <45 years 8 13.30% 46 76.70% | 54 | 45.00% 0.003
>45 years 52 | 86.70% 14 | 23.30% | 66 | 55.00%
Sex Male 30 | 50.00% 42 1 70.00% | 72 | 60.00% 0.002
Female 30 | 50.00% 18 | 30.00% | 48 | 40.00% '
s No 24 | 40.00% 38 [63.30% | 62 |51.70%
Comorbidities Yes 36 | 60.00% | 22 | 36.70% | 58 |48.30% | "'t
Smoking No 30 | 50.00% 50 ]83.30% | 80 | 67.00% 0.005
Yes 30 50.00% 10 16.70% | 40 | 33.00% '
I 10 16.70% 14 23.30% | 24 | 20.00%
Grade Il 40 66.70% 34 56.70% | 74 | 61.70% | 0.716
Il 10 16.70% 12 20.00% | 22 | 18.30%
Size 5-7cm 4 6.70% 34 56.70% | 38 | 31.70% 0.021
>7cm 56 93.30% 26 43.30% | 82 | 68.30% '
Upper lobe 12 | 20.00% 22 | 36.70% | 34 | 28.30%
Site Middle lobe 32 | 53.30% 16 | 26.70% | 48 | 40.00% 0.202
Lower Lobe 12 | 20.00% 16 | 26.70% | 28 |23.30% |
All lung or Pleura 4 6.70% 6 10.00% | 10 8.30%
Malignant pleural or No 44 | 73.30% 8 13.30% | 52 | 43.00% 0.007
pericardial effusions Yes 16 | 26.70% 52 86.70% | 68 | 57.00% '
Stage I1B 20 | 33.30% 14 | 2330% | 34 | 28.30%
Stage Stage 1A 2 3.30% 26 | 43.30% | 28 | 23.30% 0.003
Stage I11B 8 13.30% 6 10.00% | 14 | 11.70%
Stage IV 30 50.00% 14 23.30% | 44 | 36.70%
LN metastasis Negative 22 | 36.70% 10 |16.70% | 32 | 26.70% 0.08
Positive 38 | 63.30% 30 [83.30% | 88 | 73.30% '
. No 30 50.00% 46 76.70% | 76 | 63.30%
Distant metastases Yes 30 | 50.00% | 14 | 23.30% | 44 |36.70% | *0%
MO 30 50.00% 46 76.70% | 76 | 63.30%
M M1la 10 16.70% 4 6.70% 14 | 11.70% | 0.098
M1b 20 | 33.30% 10 [16.70% | 30 | 25.00%
PD 14 23.30% 6 10.00% | 20 | 16.70%
Response to treatment SD 22 | 36.70% 8 13.30% | 30 | 25.00% | 0.016
PR 24 | 40.00% 46 76.70% | 70 | 58.30%
Response to treatment NR 20 | 33.30% 10 [16.70% | 30 | 25.00% 0.136
OAR 40 | 66.70% 50 ]83.30% | 90 | 75.00%
Progression No 32 53.30% 46 76.70% | 78 | 65.00% 0.058
Yes 28 46.70% 14 23.30% | 42 | 35.00% '
Death Alive 28 | 46.70% 34 |56.70% | 62 |51.70% 0.438
Dead 32 | 53.30% 26 | 43.30% | 54 |4830% |

PR: partial clinical response; SD: stable disease; PD: persistent disease; NR: no response ,OAR
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Table 2: CPA4, UHRF1, CD90 and glypican-lexpression in samples of included patients

Histopathological subtype
Witg epithelioid U
Marker expression adenochirg(;noma mesothelioma N=60 N=120
N % N % N %
Negative | 10 16.7% 58 96.7% 68 | 56.7%
CPA4 Positive 50 | 83.3% 2 3.3% 52 | 433% | 0001
Negative 6 10.0% 58 96.7% 64 | 53.3%
UHRFL Positive 54 | 90.0% 2 3.3% 56 | 46.7% | 0001
Negative | 54 90.0% 6 10.0% 60 | 50.0%
D90 Positive 6 10.0% 54 90.0% 60 | 5000 | 0001
. Negative 56 93.3% 2 3.3% 58 48.3%
glypican-1 Positive 4 6.7% 58 96.7% 62 5179 | 0001

Table 3: Diagnostic accuracy of CPA4, UHRF1, CD90 and glypican-lexpression in differentiation between

lung adenocarcinoma and epithelioid mesothelioma

Histopathological
subtype Total
lung AT .. .. | Specif
epithelioid Sensitivit | " AUC NPV
Marker adenoc - icity PPV
= (0) (o) (o)
expression | arcino m:sothello NS b y (C‘C:);s)/o (95% (%:’If) (95% ClI) (%?If)
ma Cl)
N=60 N=60
N % | N % N | %
Nega 16.70 96.7 56.70 . . . .
iive | 10| o5 58| 0o | 88| g 93.33% | 96.67% | 0.9 96.15% | 85.29%
CPA4* <0.00 (82.783 (72.211
Posit | | 8330 | , | 330, 4330 1 | (85279%-| %- | (0.795- | (78.333%- | %-
ive % % % 94.358%) | 99.916 | 0.962) | 99.425%) | 92.829
%) %)
Nega 10.00 96.7 53.30 . . . .
tive | © % |58 | 00 | 84| o 90.00% | 96.67% | 0.933 | 96.43% | 90.63%
UHRF <0.00 (82.783 (76.729
1* Posit | ., | 90.00 | , |330| | 46.70 1 | (73471%-| %- | (0.838- | (79.659% - | % -
ive % % % 97.888%) | 99.916 | 0.982) | 99.466%) | 96.592
%) %)
Nega | ., | 90.00 | o | 100} o, | 50.00 95.00% | 90.00% | 0.875 | 85.00% | 90.00%
tive % 0% %
CD90E <0.00 (73.471 (75.899
Posit | . | 10.00 | ., | 90.0 | ., | 50.00 1 | (82107%-| %- | (0.751- | (65.597%- | % -
ive % 0% % 96.793%) | 97.888 | 0.952) | 94.395%) | 96.258
%) %)
Nega | ;¢ | 93.30 | , | 330 | oo | 48.30 96.67% | 93.33% | 095 | 9355% | 96.55%
tive % % %
glypiga <0.00 (77.926 (80.262
n-1 Posit | , | 670 | | 967 |, |5L70 1 | (82.783%-| %- | (0.861- | (79.143%- | %-
ive % 0% % 99.916%) | 99.182 | 0.990) | 98.227%) | 99.484
%) %)

PPV (Positive Predictive Value), NPV (Negative Predictive Value)
Abdelrahman, D., et al
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* Diagnostic accuracy to detect lung adenocarcinoma
£ Diagnostic accuracy to detect epithelioid mesothelioma.

Table 4: Prognostic values of CPA4, UHRF1, CD90 and glypican-lexpression in patients with lung
adenocarcinoma and epithelioid mesothelioma and association with progression-Free survival and overall
survival rates

Progression-Free Survival Analysis Overall Survival Analysis
Marker Histopathological subtype N of Censored PFS N of Censored
Event Rate P OS Rate% | P
5 N Percent % Events N Percent
lung Nty | 0 | 10 |1000% | ) o | 5 | 1000% | 100% |
adenocarcinoma Positive 120 0.038 1'9
(N=60) (N=30) 28 22 44.0% % 16 9 36.0% 31.5%
CPA4 :
epithelioid '\égg_"";ge 14 | 44 | 75.9% 7;25 13 | 16 | 552% | 546% | o
mesothelioma Pos—itive 100 | 0-006 09
(N=60) (N=2) 0 2 100.0% % 0 1 100.0% 100%
adenocarcinoma ,\l(eNgit(;\),e 0 6 100.0% 102)0 0 3 100.0% 100% 0.0
_ o 0.008 -
(N=60) F(’ﬁsz'gz;a 28 | 26 | 481% | O° 16 | 11 | 407% | 374% | °°
UHRF1 Negative 74.5
. g_ 14 44 75.9% . 13 16 55.2% 54.6%
mesothelioma (N=58) % 0.586 0.4
(N=60) P(Olj':t'z‘;e 0 2| 100.0% | ©° 0 1 | 1000% | 100% | *°
Negative o. | 46.6 0 0
adenocarcinoma (N=54) 28 26 48.1% % 0126 16 11 40.7% 37.4% 0.0
(N=60) Positive 100 ' 9
_ 0 6 100.0% 0 3 100.0% 100%
CD90 (N=6) %
. Negative | o | ¢ | 10000 | 100 0 | 3 | 1000% | 100%
mesothelioma (N=6) % 0.325 0.1
(N=60) Positive o 72.4 ' 0 0 6
(N=54) 14 40 74.1% % 13 14 51.9% 51.2%
Negative o. | 48.6 0 0
adenocarcinoma (N=56) 28 28 50.0% % 0226 16 12 42.9% 40.0% 01
(N=60) Positive o | 4 |1000% | 00" 0 2 | 1000% | 100% | B
glypica (N=4) - % .
n-1 Negative o. | 100 0 0
mesothelioma (N=2) 0 2 100.0% % 0.586 0 ! 100.0% 100% 0.4
(N=60) Tﬁi‘gg 14 | aa | 75.9% | 0 13 | 16 | 552% | 546% | >
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Figure 1: (A) lung adenocarcinoma grade Il with tubular formation shows diffuse strong cytoplasmic CPA4
expression (+3) (original magnification x 400)

(B) lung adenocarcinoma grade Il shows strong nuclear UHRF1 expression (+3) (IHC stain, original
magnification x 400)

(C) Nests of lung adenocarcinoma cells grade Il shows strong nuclear UHRF1 expression (+3) (original
magnification x 400)

(D) lung adenocarcinoma grade Il with tubular pattern negative for Glypican 1 (original magnification x 400)

(E) lung adenocarcinoma grade |11 negative for CD90 (original magnification x 400).
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Figure 2

(A) Epithelioid mesothelioma grade 111 with ribbon like pattern shows diffuse strong cytoplasmic Glypican 1
expression (+3) (original magnification x 400)

(B) Diffuse sheets of Epithelioid mesothelioma grade Il show strong cytoplasmic and membranous CD90
expression (+3) (original magnification x 400)

(C) Epithelioid mesothelioma grade Il shows diffuse sheets of malignant cells with pleomorphic
hyperchromatic nuclei negative for CPA4 (original magnification x 400)

(D) Epithelioid mesothelioma grade 111 negative for UHRF1 (original magnification x 400)
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- (A and B) progression free survival (PFS) rate of patients in association with SPA4 and UHRF1 expression

(survival rates of patients with lung adenocarcinoma)

- (C and D) overall survival (OS) rate in association with SPA4 and UHRF1 expression. (survival rates of

patients with lung adenocarcinoma)

- (E and F) progression free survival (PFS) rate of patients in association with CD90 and Glypican 1 expression.
(survival rates of patients with epithelioid mesothelioma)
-(G and H) overall survival (OS) rate in association with CD90 and Glypican 1 expression. (survival rates of

patients with epithelioid mesothelioma)

DISCUSSION:

Differentiation between malignant
mesothelioma, particularly epithelioid subtype and
adenocarcinoma of the lung is essential for accurate
management of both cancers due to different

Abdelrahman, D., et al

prognoses and management protocols. Depending
only on histopathology is not sufficient for accurate

differential diagnosis [6].
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CPAA4 overexpression was found in several cancers,
and is associated with the diagnosis and prognosis,
but its role in lung cancer is still not clear [17].

In the current study we showed that CPA4
expression was found in most tissue samples of
lung adenocarcinoma patients (83.3% ) with high
sensitivity and specificity (93.33% and 96.67%
respectively), while its expression was detected only
in one case of epithelioid mesothelioma which
clarified its diagnostic role for lung adenocarcinoma
and  differentiating it from epithelioid
mesothelioma.

Our findings are slightly similar to results of Sun et
al (17) who reported that expression of CPA4 is
elevated in lung adenocarcinoma tissues suggesting

its valuable diagnostic role for lung adenocarcinoma.

Previous studies reported expression of CPA4
expression in 72.7% and 575 % of lung
adenocarcinoma cases which is similar to our results
in proving the diagnostic role of such biomarker in
lung adenocarcinoma. The variety in number of
positive cases between our results and their results
was due to differences in number of included cases
or type of used antibodies in our studies and their
studies [18, 19].

Regarding the prognostic role of CPA4 we showed

that its high expression in lung adenocarcinoma was
associated with unfavorable OS and PFS survival
rates. These results were in line with results of
Wang et al., [10] that showed that high CPA4
levels were associated with unfavourable OS rate in
lung cancer. Therefore, in addition to the diagnostic
role of CPA4 its overexpression could be
considered an unfavorable prognostic marker in
patients with adenocarcinoma of the lung.
Although Handa et al [20] showed similar results
to ours regarding the association between CPA4
expression and OS rate of breast cancer patients but
they showed no association between CPA4
expression and DFS rate of patients.

We assessed the expression of another novel

biomarker; UHRF1, which is a master of epigenetic
silencing in several cancer tissues [21]. We showed
that expression of UHRF1 was found in 90% of
lung adenocarcinoma cases with high sensitivity
and specificity, while its expression was positive in
only one case of epithelioid mesothelioma.
Our results were similar to results of previous
studies which showed the diagnostic role of UHRF1
due to its higher expression in lung cancer tissues
more than normal lung tissues [22, 23].

Abdelrahman, D., et al
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Moreover, Unoki et al. [24] showed similar
results to ours that UHRF1 was highly expressed in
early stages lung adenocarcinoma patients which
showed that UHRF1 could be considered a suitable
diagnostic marker of lung cancer even in cases
detected in the early stage. Additionally,
combination of UHRF1 with other established
diagnostic biomarkers could yield better results.

In addition to the diagnostic role of UHRFL1 in
lung adenocarcinoma and differentiating it from
epithelioid mesothelioma, we showed that its high
expression was associated with high grade,
advanced stage and presence of lymph nodes
metastases which is similar to results of
previous studies [22, 23,24]

Different results were reported by Daskalos et al
[25] who found no association between UHRF1
expression and prognostic parameters or patients’
outcome.

Previous studies support our findings about the
association between UHRF1 expression and inverse
patients’ outcome by showing that down regulation
of UHRF1 induces arrest of the cell cycle and
stimulating apoptosis in cancer cells [23]. Other
studies demonstrated a controversy about its
prognostic significance in cancer as it was found
that UHRF1 downregulation might lead to an
increase in degree of malignancy by activation of
epithelial-mesenchymal transition (EMT) [26].
These results collectively showed that the
prognostic role of UHRF1 expression and its effects
on cell cycle and EMT depend on type of the tumor
and is considered cell-type specific [27].

In the current study we showed an association
between high UHRF1 expression, unfavorable
survival and poor response to therapy, similarly
previous studies showed a positive association
between UHRF1 expression, PFS, OS rates, high
incidence of tumor recurrence and unfavorable
outcome [23, 28-30].

Our work reported no association between
CPAA4 expression, UHRF1 expression and outcome
in mesothelioma patients as only a few cases
showed positivity.

Regarding the expression of Glypican-1, we
noted that it was expressed in 96.7 % of cases of
epithelioid mesotheliomas, while it was negative in
most cases of lung adenocarcinoma suggesting its
significant role in mesothelioma diagnosis and
differentiation between it and lung adenocarcinoma.
Our results were in line with Amatya et al. [7] who
found that glypican-1 was considered a sensitive
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and  specific  biomarker  for  epithelioid
mesotheliomas and it could help in differentiating
them from pulmonary adenocarcinoma.

Chiu et al. [32] showed different results that
Glypican-1 has no role in differentiating
mesothelioma from pulmonary adenocarcinoma as
all included cases of mesothelioma and pulmonary
adenocarcinoma in their study were positive for
Glypican-1 expression. The cause of this
discrepancy is that we used whole tissue sections
for immunohistochemistry while Chiu et al. [32]
used tissue microarrays.

We showed no significant association between
Glypican-1 with patients’ survival or response to
therapy in either mesothelioma or lung
adenocarcinoma cases.

Mesothelioma cancer stem cells are aggressive
proliferating cells which are responsible for
maintaining cancer cell proliferation and poor
response to therapy [33].

In the current study we tried to evaluate the
diagnostic and prognostic role of CD90 which is a
cancer stem cell marker.

We showed that 90% of cases of mesothelioma
were positive for CD90 while only 10% of
adenocarcinoma cases were positive, suggesting its
role in diagnosis of mesothelioma and
differentiating it from adenocarcinoma. Similar
results were showed by Kawamura et al. [34].
Slightly different results were found by Sahin et al.
[15] that CD 90 overexpression was detected in
80% of mesothelioma cases and 63.3 % of
pulmonary  adenocarcinomas  cases.  These
differences might be due to varieties of biopsy
taking, different sample size and scoring system.

Previous studies showed that CD90 expression
has many roles in cancer prognosis which depend
on the type of cancer. It regulates cell proliferation,
invasion, metastasis, and angiogenesis [35]. CD90
expression was associated with poor prognosis of
ovarian cancer, breast cancer and lung cancer [35,
36].

We showed no association between CD90
expression, patients’ survival or response to therapy
in either mesothelioma nor adenocarcinoma cases.
Conclusions

In the present work we assessed the diagnostic
roles of combinations of CPA4, UHRF1, CD90 and
glypican-1 expression in differentiation between
lung adenocarcinoma and epithelioid malignant
mesothelioma mesothelioma and we showed that
using these markers together raised the accuracy,

Abdelrahman, D., et al
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sensitivity, and specificity of diagnosis to 100%
even in small samples and early stages. Reaching
accurate diagnosis is highly needed as both subtypes
of malignant tumor have different lines of treatment
and management strategies.

Points of strengths of the study

The studied markers and their association with
diagnosis and patients’ prognosis have not
previously clarified together. Using whole tissue
paraffin blocks not tissue microarray allows better
detection of marker expression and diagnostic
utility.

Recommendations:

Large prospective cohort studies are recommended
to prove the diagnostic and prognostic roles of our
novel markers in patients with lung adenocarcinoma
and epithelioid mesothelioma. Additionally, we
recommended evaluation of our markers in all
histopathological sub-types  of malignant
mesothelioma and other subtypes of lung cancers.
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