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Abstract

Aim: Cancer stands as a significant health issue in our era, with lung cancer being among
the most widespread types in both Turkey and worldwide. The diagnosis may be delayed
due to the late detection of symptoms and signs. Cancer stem cells cause the initiation and
progression of cancer. There is a risk of cancer recurrence due to cancer stem cells that
cannot be destroyed. Therefore, it is important to detect cancer stem cells and prevent
the proliferation of these stem cells.
Materials and Methods: In the Pathology Department of Pamukkale University Fac-
ulty of Medicine, 72 squamous cell carcinoma and 51 adenocarcinoma cases diagnosed
with non-small cell lung cancer were retrospectively examined. Nucleostemin and CD133
expression levels were evaluated immunohistochemically in sections taken from cancerous
tissue samples of the cases.
Results: Disease-free survival and tumor stages of the cases and immunohistochemi-
cal expression level were compared. Nucleostemin and CD133 expression was commonly
observed in tumor tissue from both adenocarcinoma and squamous cell carcinoma cases.
Conclusion: Therefore, in line with the data we obtained, we think that both nucle-
ostemin and CD133 cannot be used as prognostic markers in non-small cell lung cancer.

Copyright © 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Non-small cell lung cancer (NSCLC) is the most common
type of lung cancer in our country as well as in the world.
Despite advances in surgical techniques, new chemothera-
peutic drugs, and adjustments in classification and staging,
5-year survival was approximately 12% in 1974-76, but to-
day it has only reached 15%, and in advanced stage cases,
this rate is below 10% [1, 2].
The most common histological subtypes among NSCLCs
are squamous cell carcinoma (SCC) (38.2%) and adenocar-
cinoma (ADC) (47.1%). NSCLC accounts for 80% to 85%
of lung cancer cases, and approximately 2/3 of the cases
are advanced at diagnosis [3]. NSCLC is diagnosed late
because symptoms and findings are detected late. 70% of
cases do not have the opportunity for surgery at the time
of diagnosis. In studies conducted worldwide, 30-40% of
cases are diagnosed at a locally advanced stage [2].

∗Corresponding author:
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Today, chemotherapy, radiotherapy and surgery are used
in cancer treatment, and the aim of the treatment tech-
niques is to shrink the tumor. There is a risk of cancer re-
currence due to cancer stem cells that cannot be destroyed
[4]. Conventional cancer treatments such as radiotherapy
or chemotherapy can eliminate most tumors, but Cancer
stem cells (CSCs) are thought to be resistant to treatment
and responsible for tumor recurrence. To prevent or signif-
icantly delay relapse, these stem cells need to be targeted
and eliminated [5].
If the cancer stem cells that maintain the tumor are not de-
stroyed, the risk of cancer recurrence continues. However,
cancer treatment techniques aim to shrink the tumor [4].
Since CSCs are responsible for the initiation, recurrence
and metastatic growth of cancer, targeting these cells to
destroy them provides successful treatment. Perfect iden-
tification of the type of CSC is the most important step
for an appropriate treatment of CSCs. Targeting surface
markers and activated signaling pathways is promising in
creating specific treatments against CSCs [6-8].
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Like CSCs, lung cancer stem cells (LCSCs) have spheroid
and colony formation properties, with specific markers
such as CD133, CD44, ABCG2 and ALDH1A1 [8]. Cur-
rent information on the biology of LCSCs is limited. In
addition, a number of CSC determinants have been identi-
fied and studied. These CSC markers are associated with
resistance to cancer treatments. Some of those; include
aldehyde dehydrogenase (ALDH1), CD133, side popula-
tion (Hoechst-negative), CD44, CD87 and CD117 [8].
One of the most commonly used CSC markers is CD133.
It is a cell surface glycoprotein with a molecular weight
of 117 kDa, containing extracellular and five transmem-
brane regions [9]. It is a surface marker for hematopoietic
stem cells. It ensures the preservation of stem cell prop-
erties in adult stem cells, and the expression of this gene
is also associated with various cancers [8]. CD133 is a
protein that forms membrane-membrane interactions and
interacts with cholesterol [10]. CD133 (Prom1) was used
to identify CSCs in lung cancer [11].
Nucleostemin, a nuclear protein, that plays a role in main-
taining stem cell properties was first identified by Tsai and
Mckay in 2002 [12]. Nucleostemin is encoded by GNL3
gene that located on chromosome 3p21.1. The nucle-
ostemin gene is 8578 bases in size. Its structure includes an
amino terminus, a coiled-coil region, 5 GTP binding mo-
tifs (G1-5) and an acidic carboxyl terminus. Nucleostemin
is a protein that is found in low amounts in the nucleo-
plasm and can pass bidirectionally between the nucleolus
and the nucleoplasm. It is thought that control of the
transition between the nucleolus and nucleoplasm is pro-
vided through GTP binding. When GTP is not bound,
nucleostemin localizes in the nucleolus. It binds to the
p53 protein with the amino end of the nucleostemin, which
binds with GTP and exits into the nucleoplasm, and causes
active cell division by preventing the increase of p53 accu-
mulation in the cell [13].
In case of nucleostemin deletion, the cell cycle is disrupted
and the cell is eliminated by apoptosis. It is thought to
play an important role in cell self-renewal, cell cycle regu-
lation, apoptosis and cell proliferation, thanks to its inter-
action with molecules such as the tumor suppressor protein
p53 [14]. p53 is a tumor suppressor protein. It regulates
target genes that produce proteins that lead to DNA re-
pair, cellular senescence, apoptosis and cell cycle arrest
[13].
In a study, it was revealed that the decrease in nucle-
ostemin caused cell cycle arrest at the G1 checkpoint by
increasing the level of p53, and this effect was not observed
in cells genetically deficient in p53 [15].
Dai et al. (2008) determined that nucleostemin inhibits
MDM2-regulated p53 ubiquitylation and degradation by
binding to the central acidic region of MDM2. In situa-
tions such as DNA damage, nucleolar and oncogenic stress,
MDM2 is largely inhibited and p53 is activated. P53 is
kept at low levels in normal unstressed cells by its inhibitor
MDM2. They revealed that overexpression of ectopic nu-
cleostemin induces G1 cell cycle arrest and suppresses cell
proliferation by activating p53 by eliminating the repres-
sion of MDM2 on p53. They also reported that depletion
of nucleostemin with siRNA induces G1 cell cycle arrest
by activating p53 [16].

Hsu et al. In 2012, they demonstrated that nucleostemin
has the ability to reduce telomere damage through TRF-
1 modification and by enhancing promyelocytic leukemia
protein isoform IV (PML-IV) in telomerase-negative hu-
man cancer cells [17]. Uema et al. (2013) state that nucle-
ostem is a nuclear protein involved in ribosomal biogenesis
and protection of telomeres [18].
Nucleostemin is expressed in embryonic stem cells, central
nervous system stem cells, primitive cells in the bone mar-
row and germ cells in the testis [19]. Nucleostemin, which
plays an important role in controlling the proliferation of
stem cells, undergoes a significant loss of expression with
the onset of cellular differentiation [14].
This study aimed to detect the immunohistochemical
expression of nucleostemin and CD133 in lung cancer,
to investigate the correlations between nucleostemin and
CD133 expression levels and clinicopathological parame-
ters, and to evaluate the effects of expressions on progno-
sis.

Materials and Methods

A total of 123 lung carcinoma cases, including NSCLC,
72 SCC and 51 ADC, diagnosed in the Pathology De-
partment of Pamukkale University Faculty of Medicine
between 2007 and 2018, ranging in stages from I to IV,
without receiving preoperative anticancer treatment, were
retrospectively examined. Ethics committee approval for
our study was received from Pamukkale University Non-
Interventional Clinical Research Ethics Committee with
the decision numbered 16 dated 07.08.2018 and supported
by Pamukkale University Scientific Research Projects Co-
ordination Unit (project number: 2018SABE041).
Of the cases included in the study, 74 (60.2%) had lobec-
tomy, 25 (20.3%) had wedge resection, 16 (13%) had pneu-
monectomy, and 8 (6.5%) had excisional biopsy. Informa-
tion regarding standard demographic information of the
cases, preoperative stage of the tumor, type of treatment,
follow-up periods and disease outcomes (disease-free sur-
vival data, relapse, cancer-related death data) were ob-
tained from the records. Diagnosis of lung carcinoma,
differentiation of the tumor in the histological sections of
the resection materials of each patient; The presence of
metastatic lymph nodes in the lymph node dissection ma-
terials was reviewed and evaluated.
Tumor staging was performed according to the 2015 "In-
ternational Association for the Study of Lung Cancer" (8th
Edition of the TNM Classification for Lung Cancer) crite-
ria.
A sample that best reflected the tumor tissue was deter-
mined. For each case, two H&E sections were taken from
the selected paraffin blocks onto positively charged slides,
and three 3-micron sections were taken to study nucle-
ostemin and CD133 antibodies. The sections were taken
from the bain-marie onto slides and placed in the slide
carrying basket. The slide carrying basket was kept in the
oven at 60 °C for 1 night. It was kept in xylene for 1
hour for deparaffinization. The tissues were removed from
xylene, dried in air, and marked with a PAP pen. The sec-
tions were kept in ethyl alcohol series of 100%, 96%, 80%,
70%, 50%, respectively, for 2 minutes each. The alcohol
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preparations were washed with distilled water 3 times for 5
minutes. For the antigen retrieval process, the tissues were
kept in a microwave oven in citrate buffer until they boiled,
and after the boiling started, they were kept for 20 minutes
and then allowed to cool to room temperature. It was kept
in Phosphate Buffered Saline (PBS) for 10 minutes. En-
dogenous peroxidase activity in tissues was eliminated by
a 10-minute application with a 30% H2O2: Methanol (1:
9) mixture. The sections were washed with PBS and kept
at room temperature for 10 minutes with serum blocking
solution added to them. Nucleostemin (FineTest, Wuhan
Biotech Co, Ltd. FNab01510) and CD133 (Bioassay Tech.
Lab. BT-AP02809) primary antibodies were added to the
sections and kept overnight. After washing with PBS,
the sections were treated with secondary antibodies with
biotinylated affinity that reacted with the primary anti-
bodies for 20 minutes. A broad-spectrum universal sec-
ondary antibody kit (Thermo Scientific) was used for this
procedure. The sections were washed again with PBS
and treated with horseradish peroxidase conjugate strepta-
vidin (HRP-SA), which can easily bind to biotinylated sec-
ondary antibodies, for 10 minutes. After the sections were
washed with PBS for the last time, they were treated with
chromogen dye DAB (Thermo Scientific) for 3-10 minutes.
To better observe the localization of the antigen, the sec-
tions were counterstained with hematoxylin (Merk Harris’
hematoxylin). The sections were washed in running water
and kept in ethyl alcohol series of 50%, 70%, 80%, 96%,
100%, respectively, for 2 minutes each. The tissues ob-
tained from the alcohol series were kept in xylene I and
xylene II for 2 minutes each. The tissues taken from xy-
lene were covered with entellan without waiting for them
to dry. It was evaluated with a light microscope.

Semi-quantitative evaluation
Immunostained sections were examined under a light mi-
croscope (40x) and lesion regions (ROI) were selected using
Visiopharm’s new-CAST™ software. Among the selected
areas, the area where the first count would be made was
randomly selected and the cells were counted in every 3
areas using an unbiased counting frame at 400x magnifi-
cation. The number of positively stained cells was scored
as 0-10% (1), 11-50% (2), 51-80% (3), and more than 80%
(4). Staining intensity, 0=negative; 1=weak; It was rated
from 0 to 3, with 2=moderate and 3=strong. Theoreti-
cally, scoring could range from 0 to 12. An immunohis-
tochemistry score of 9 to 12 was considered strong im-
munoreactivity, 5 to 8 as moderate, 1 to 4 as weak, and
0 as negative [20]. P values were evaluated by one-way
analysis of variance.

Statistical analysis
Data were analyzed with SPSS 25.0 (IBM SPSS Statistics
25 software (Armonk, NY: IBM Corp.)). Continuous vari-
ables are expressed as mean ± standard deviation, median
(minimum-maximum values). The suitability of the data
for normal distribution was examined with the Shapiro
Wilk test. One-Way Analysis of Variance in comparing in-
dependent group differences when parametric test assump-
tions are met; When parametric test assumptions were
not met, Bonferroni multiple comparison test was used to

compare independent group differences. In all analyses,
p<0.05 was considered statistically significant.

Results
Clinical findings
Among the 123 patients included in our study, the number
of patients with ADC was 72 and the number of patients
with SCC was 51. The distribution of the patients in-
cluded in our study in terms of age, gender, location of
the carcinoma, presence or absence of distant metastasis,
local recurrence and patient survival is shown in Table 1.

Histopathological features
The patients included in our study were evaluated accord-
ing to tumor diameter, lymph node metastasis, angiolym-
phatic invasion and pleural Patient distribution according
to invasion criteria is shown in Table 2. When we look
at the distribution of the cases according to the stages
according to the AJCSS lung cancer staging system, it is
seen that a large proportion of the patients included in the
study are in the stage IIA-IIIA range (Table 3).
In our study, patient groups diagnosed with ADC (Figure
1) and SCC (Figure 2) were evaluated in terms of nu-
cleostemin and CD133 expression. In microscopic exam-
ination of immunohistochemical staining, patient results
within groups vary. In this context, our analysis results

Table 1. Clinicopathological characteristics of the pa-
tients.

Clinicopathological

Features

Number of

SCC Patients

(72)

SCC

Percentage

(%)

Number of

ADC Patients

(51)

ADC

Percentage

(%)

Age

<40 0 0.00% 0 0%

40-65 42 58.33% 20 39%

>65 30 41.67% 31 61%

Gender

Male 72 100.00% 39 76%

Woman 0 0.00% 12 24%

Localization

Right 34 47.22% 34 67%

Left 38 52.78% 17 33%

Distant

Metastasis

There is 6 8.33% 8 16%

None 66 91.67% 43 84%

Local Relapse

There is 8 11.11% 7 14%

None 64 88.89% 44 86%

Patient

Survival

Alive 30 41.67% 22 43%

Ex 42 58.33% 29 57%
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Table 2. Distribution of patients according to histopatho-
logical features in the patient groups included in the study.

Clinicopathological

Features

Number of

SCC Patients

SCC

%(Percent)

Number of

ADC Patients

ADC

%(Percent)

Tumor

Diameter

<3 23 32% 19 37%

>3 49 68% 32 63%

Lymph Node

Metastasis

There is 27 38% 20 39%

None 45 63% 31 61%

Angiolymphatic

Invasion

There is 28 39% 20 39%

None 44 61% 31 61%

Patient

Survival

There is 25 35% 22 43%

None 47 65% 29 57%

Table 3. Distribution of cases according to stages accord-
ing to the AJCSS lung cancer staging system.

AJCSS Stage Number of

SCC Patients

SCC

%(Percent)

Number of

ADC Patients

ADC

%(Percent)

Stage IA1 0 0% 1 2%

Stage IA2 0 0% 0 0%

Stage IA3 9 13% 4 8%

Stage IB 6 8% 3 6%

Stage IIA 21 29% 12 24%

Stage IIB 20 28% 18 35%

Stage IIIA 14 19% 11 22%

Stage IIIB 2 3% 2 4%

did not show a statistically significant difference between
the groups in terms of nucleostemin and CD133 expres-
sion. Since no significant change could be detected in
nucleostemin and CD133 expression, no comparison was
made with patient demographic data.

Histopathological features
The patients included in our study were evaluated accord-
ing to tumor diameter, lymph node metastasis, angiolym-
phatic invasion and pleural Patient distribution according
to invasion criteria is shown in Table 2.
When we look at the distribution of the cases according
to the stages according to the AJCSS lung cancer staging
system, it is seen that a large proportion of the patients
included in the study are in the stage IIA-IIIA range (Ta-
ble 3).
In our study, patient groups diagnosed with ADC (Figure
1) and SCC (Figure 2) were evaluated in terms of nu-
cleostemin and CD133 expression. In microscopic exam-

Figure 1. Immunohistochemical analysis of tissue sec-
tions obtained from patients with ADC using CD133
and nucleostemin primary antibodies. A-B Sections ob-
tained from two different ADC patients stained with DAP
(Brown) show areas expressing CD133. C-D Sections ob-
tained from two different ADC patients stained with DAP
(Brown) show areas expressing nucleostemin. Magnifica-
tion: (200X).

Figure 2. Immunohistochemical analysis of tissue sec-
tions obtained from patients with SCC using CD133
and nucleostemin primary antibodies. A-B Sections ob-
tained from two different SCC patients stained with DAP
(Brown) show areas expressing CD133. C-D Sections ob-
tained from two different SCC patients stained with DAP
(Brown) show areas expressing nucleostemin. Magnifica-
tion: (200X).

ination of immunohistochemical staining, patient results
within groups vary. In this context, our analysis results
did not show a statistically significant difference between
the groups in terms of nucleostemin and CD133 expres-
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sion. Since no significant change could be detected in
nucleostemin and CD133 expression, no comparison was
made with patient demographic data.

Discussion

Cancer stem cells enable the initiation and progression of
cancer because they form tumor cells and have the capacity
to renew themselves. One of the most commonly used CSC
markers is CD133 cell surface glycoprotein. As a result
of the immunohistochemical evaluation of ADC and SCC
cases in our study, widespread staining was observed in the
tumor tissues of both groups (Figure 1,2). No statistical
difference could be detected between both groups.
A study in lung cancer cell lines showed that CD133+

cancer cells proliferated by forming tumor spheres, that
CD133+ cells were resistant to chemotherapy , and ex-
pressed high levels of the ATP-binding cassette G2. It has
also been shown that the same cell group is associated with
poor survival in NSCLC patients treated with chemother-
apy [21]. It has been stated that CD133+ cells have tumor
initiation, self-renewal and drug resistance [22].
High levels of CD133 expression were detected in 26% of
osteosarcoma patient tissues. It was stated that no sig-
nificant correlation was observed between CD133 expres-
sion and clinicopathological factors [23]. In ADC, CD133
expression, low pathological stage and lymphovascular It
has been associated with the absence of invasion [24]. It
has been stated that both MFG-E8 and CD133 expression
levels in the tumor are strong predictors of poor clinical
outcome in epithelial ovarian cancer patients [25].
Aggressive in breast cancer Nucleostemin expression is em-
phasized as a marker of phenotype and poor prognosis
[26]. Nucleostemin is located in the cervix in humans.
It has been reported to be expressed in SCCs, esophageal
cancers, renal cell cancers and prostate cancers [27-30].
Kobayashi et al. (2014) nucleostema in invasive breast
cancers They conducted a study investigating its clinico-
pathological and prognostic effects. In the study, nucle-
ostem positivity was found to be 64.5% and was reported
to correlate with estrogen receptor (ER), HER-2 and p53
positivity. Additionally , significantly shorter disease-free
survival was observed in nucleostemin- positive cases com-
pared to nucleostemin- negative cases. Additionally, it has
been revealed that p53 positive, nucleostemin negative pa-
tients have a worse prognosis than other patient groups.
As a result, it has been suggested that nucleostem status
may be a useful prognostic marker in luminal and HER-2
type breast cancers [19]. Nucleostemin transcription lev-
els in acute myeloid leukemias (AML), the highest nucle-
ostemin level was found in the AML M1 subtype and the
lowest level was found in the AML M3 subtype. It has also
been stated that nucleostemin transcription levels corre-
late with blast rate, CD34 and CD117 expression. Based
on these results, it has been suggested that nucleostemin
expression may be useful in monitoring minimal residual
disease in AML patients [31]. It has been stated that there
is evidence that nucleostemin can accelerate proliferation
in gliomas through the Wnt /β- Catenin pathway [32].
Li X et al. (2015) investigated the expression of nucle-
ostemin in NSCLC. They detected higher nucleostemin

expression levels in poorly differentiated tumors than in
well- differentiated ones. In the same study, while more
intense nucleostemin expression was detected in SCC than
ADC, nucleostemin expression was not observed in normal
lung tissue [25].
There is a correlation between lymph node metastasis, dis-
tant metastasis and TNM stage and nucleostemin expres-
sion in colorectal carcinomas. It has also been shown that
cases with low nucleostemin expression levels have longer
survival times than those with high expression [33].
In our study, we observed that the nuclear protein nu-
cleostemin and the cell surface glycoprotein CD133 were
widely expressed in the tumor tissue immunohistochem-
ically (Figures 1,2). We could not detect any statistical
difference in nucleostemin and CD133 expression in both
tumor types. We observed that the patient survival rate
was close to each other in both tumor types. CSCs are an
important step in appropriate cancer treatment. We be-
lieve that studies on the detection and treatment of CSC
have an important place in the treatment of cancer and
that studies on this subject are needed.

Ethical approval
Ethics committee approval for the study was received
from Pamukkale University Non-Interventional Clinical
Research Ethics Committee with the decision numbered
16 dated 07.08.2018.
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