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Abstract 
Background: Evaluation of cancer cervix prognosis is highly needed for novel 

targeted therapy and improved outcomes. Nucleolar and spindle associated protein 1 
(NUSAP1) is a novel biomarker that has roles in spindle formation and mitotic 
progression. Maternal embryonic leucine zipper kinase (MELK) is involved in cell 
cycle control and carcinogenesis. The L1 cell adhesion molecule (L1-CAM) plays an 
essential role in cell migration. This study aimed to investigate NUSAP1, MELK, 
and L1CAM immunohistochemical expression in cancer cervix tissues and detect 
their prognostic roles.  

Method: In this prospective cohort study, we evaluated NUSAP1, MELK, and 
L1CAM expressions of sections from 62 cervical carcinoma cases using immunohis-
tochemistry. 

Results: NUSAP1, MELK, and L1CAM expression  correlated with tumor high 
grade, advanced FIGO stage, poor survival rates, and higher recurrence rate after 
successful therapy (P<0.001).  

Conclusion: Expression of NUSAP1, MELK, and L1CAM in cancer cervix was 
associated with poor prognosis. 
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Introduction 

Cervical cancer is the second most prevalent 
female cancer worldwide.1 The recent 
advancement in its surgical management, post-
operative radiotherapy, and chemotherapy has 
resulted in improved outcomes and the five-year 
overall survival rate possibly reaching 80%. 
However, this rate has significantly decreased 
regarding the occurrence of lymph nodes, distant 
metastasis, or tumor recurrence.2 Therefore, it is 
important to explore the molecular pathogenesis 
associated with the recurrence, invasion, spread, 
and progression of cervical carcinoma in order 
to identify novel therapeutic targets. Nucleolar 
and spindle associated protein 1 (NUSAP1)  is 
able to bind microtubules and it plays important 
roles in spindle formation and mitotic 
progression.3 Previous studies reported that 
NUSAP1 was up-regulated in several cancers.4 
Maternal embryonic leucine zipper kinase 
(MELK) is a conserved protein kinase related to 
cell cycle and located at chromosome 9p13.5 It 
is involved in the control and regulation of the 
cell cycle, apoptosis, and carcinogenesis.6 MELK 
was found to be expressed in many malignancies.7 

The L1 cell adhesion molecule (L1-CAM) was 
discovered as a protein with an essential role in 
cell migration and axon guidance in the nervous 
system.8 

Previous reports suggested that the expression 
of NUSAP1, MELK, and L1CAM could be 
incriminated in the progression, recurrence, and 
poor outcome of many cancers. However, the 
expression of these three markers in cervical 
cancer has not been elucidated in detail. 

The present article aimed at examining the 
tissue protein expression of NUSAP1, MELK, 
and L1CAM in cancer cervix patients, highlighting 
their prognostic and clinicopathological roles. 

 
Materials and Methods 

Our prospective cohort study included 62 
patients with cervical carcinoma. They were 
admitted and operated in General Surgery 
Department and in Gynecology and Obstetrics 
Departments, Faculty of Medicine, Zagazig 

University. The operation was performed by total 
abdominal hysterectomy and bilateral salpin-
goophrectomy, with or without pelvic 
lymphadenectomy according to their stage, from 
May 2016 to May 2019. Samples were sent to 
Pathology Department, Faculty of Medicine, 
Zagazig University, where they were processed 
and diagnosed; grading and staging were done 
using the FIGO system.9 None of the patients 
received pre-operative anticancer therapy.  

The included patients were surgically managed 
according to their subtype followed by 
chemotherapy, radiotherapy, or combination 
therapies.  

We followed our patients for progression, 
recurrence response to the currently used therapy, 
and three-year survival in Clinical Oncology and 
Nuclear Medicine Department and Medical 
Oncology Department.  

The local institutional board of Faculty of 
Medicine, Zagazig University [ethics code: 
Zag00945, 2016] provided the ethical approval; 
the patients signed written informed consent for 
the use of tissue samples. 

 
Immunohistochemistry  

We performed immunohistochemistry as 
previously described by Hsu et al.;10 the added 
primary antibodies were mouse polyclonal anti-
NUSAP antibody (ab169083), mouse monoclonal 
anti-MELK antibody [2G2] (ab129373), and 
mouse monoclonal anti-L1CAM antibody [2C2] 
(ab24345) (1:200 dilution; Abcam, Cambridge, 
UK). Hematoxylin counterstain was done to detect 
the final stain.  

 
Evaluation of the stain 

Evaluation of NUSAP1, MELK, and L1CAM 
expression 

We considered nuclear expression as positive 
NUSAP1 expression, cytoplasmic expression as 
positive MELK expression, while membranous 
and weak cytoplasmic expression as positive 
L1CAM expression. 

We defined the extent of stained cells as 
follows: 0, if there were no positive tumor cells;1, 
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<10% positive tumor cells; 2, 10-35% positive 
tumor cells; 3, 35-75% positive tumor cells, and 
4, > 75% positive tumor cells. We graded the 
stain intensity as follows: 0, if there was no stain;1 
if there was weak stain; 2 if there was moderate 
stain; 3 if there was strong staining. We assessed 
the final staining immunoreactivity score through 
multiplying the intensity score by the extent of 
positive tumor cells score to evaluate the 
NUSAP1, MELK, and L1CAM protein expression 
levels. The final scores were 0-12. For statistical 
analysis, we defined specimens with a score of 
more than or equal to 6 as having high NUSAP1, 
MELK, and L1CAM expression; we defined 
samples with a score of less than 6 as having low 
NUSAP1, MELK and L1CAM expression.2, 4  

 

Results 

Patient clinicopathological characteristics 
We included 62 cases of cancer cervix; 37 

(59.7%) cases were >55 years old. 44 (71%) cases 
had squamous cell carcinoma and 18 (29%) cases 
had adenocarcinoma. 32 (51.6%) cases had lymph 
nodes metastases and 16 (25.8%) cases had distant 
metastases 

Table 1 details the demographic and clinic-
pathological findings of our patients. 
The immunohistochemical results  
NUSAP1 expression in tumor cells  

We detected high levels of NUSAP1expression 
in 34 (54.8%) of cases. This expression correlated 
with older patients, high tumor grades, LN 
metastases, lympho-vascular invasion, advanced 
FIGO stage, distant metastases (P<0.001), and 

Figure 1. Immunohistochemical expression of NUSAP1 in cervical carcinoma: (a); high nuclear expression in poorly differentiated 
squamous cell carcinoma of the cervix ×400, (b); high nuclear expression in poorly differentiated adeno-carcinoma of the cervix ×400, 
(c); negative nuclear expression in well differentiated squamous cell carcinoma of the cervix ×400, (d); negative nuclear expression in 
well differentiated adeno-carcinoma of the cervix ×400. 



Middle East J Cancer 2021; 12(2): 172-182 175

large cancer size (P=0.006). There was no 
statistically significant relationship between 
NUSAP1 expression and histopathological 
subtype (Table 1, Figure 1). 
Progression, recurrence, therapy response, and 
survival rates in correlation to NUSAP1 
expression 

There was a statistically significant difference 
among the patients concerning NUSAP1 levels, 
treatment response, recurrence, disease-free 
survival, and overall survival. Patients with high 
levels of NUSAP1 expression had poor survival 
rates, poor therapy response, and higher recurrence 
rates after therapy (P<0.001) (Tables 2-4, Figure 4). 

MELK expression  
We found high levels of MELK expression in 

34 (54.8%) of cases,  which was positively related 
to older patients, high tumor grades, lympho-
vascular invasion, advanced FIGO stage 
(P=<0.001), large cancer size (P=0.006), presence 
of LN metastases (P=0.002) and distant 
metastases (P=0.003). There was no statistically 
significant association between MELK 
expression and histopathological subtype (Table 
1, Figure 2). 

Progression, recurrence, therapy response, and 
survival rates in correlation to MELK expression 

There was a statistically significant difference 

Table 1. The correlation between NUSAP1, MELK, and L1CAM levels in the studied patients and their demographic and disease-
specific characteristics 

        NUSAP1              MELK      L1CAM 

Low      High        P¥      Low          High            P¥      Low            High              P¥ 
N = 62 %          N=28 (45.2%) N=34 (54.8%)              N=28 (45.2%)     N=34 (54.8%) N=38 (61.3%)       N=24 (38.7%) 

Age group 

≤ 55 years old 25 40.3 26 (92.7) 11 (32.4) <0.001* 16 (57.1)         9 (26.5)        0.014*     18 (47.4)                7 (29.2)          0.155 
>55 years old 37 59.7   2 (7.1) 23 (67.6) 12 (42.9)       25 (73.5)     20 (52.6)              17 (70.8) 
Histopathology 

Squamous cell carcinoma 44 71 19 (67.9) 25 (73.5) 0.78 19 (67.9)       25 (73.5)          0.78     26 (68.4)              18 (75)             0.775 
Adenocarcinoma 18 29   9 (32.1)   9 (26.5)   9 (32.1)        9 (26.5)     12 (31.6)               6 (25) 
 
Size 

<4cm 6 9.7 6 (21.4) 0 (0) 0.006* 6 (21.4)        0 (0)        0.006*      6 (15.8)                0 (0)                0.073 
≥4cm 56 90.3 22(78.6) 34 (100) 22 (78.6)      34 (100)    32 (84.2)              24 (100) 

 
Grade 

I 10 16.1 10 (35.7) 0 (0) <0.001* 10 (35.7)        0 (0)        <0.001*    10 (26.3)               0 (0)                <0.001* 
II 38 61.3 17 (60.7) 21 (61.8) 16 (57.1)      22 (64.7)      26 (68.4)             12 (50) 
III 14 22.6 1 (3.6) 13 (38.2) 2 (7.1)      12 (35.3)        2 (5.3)             12 (50) 
 
LVSI 

Absent 44 71 27 (96.4) 17 (50) <0.001* 26 (92.9)      18 (52.9)        0.001*     35 (92.1)               9 (37.5)        <0.001* 
Present 18 29   1 (3.6) 17 (50)   2 (7.1)      16 (47.1)       3 (7.9)             15 (62.5) 

 
Lymph node 

Absent 30 48.4 22 (78.6) 8 (23.5) <0.001* 22 (78.6)       8 (23.5)       0.002*     26 (68.4)               4 (16.7)       <0.001* 
Present 32 51.6 6 (21.4) 26 (76.5) 6 (21.4)     26 (76.5)       6 (31.6)             20 (83.3) 
 
Distant metastasis 

Absent 46 74.2 27 (96.4) 19 (55.9) <0.001* 20 (71.4)      10 (29.4)       0.003*     35 (92.1)           11 (45.8)        <0.001* 
Present 16 25.8 1 (3.6) 15 (44.1) 8 (28.6)      24 (70.6)       3 (7.9)           13 (54.2) 
 
Stage 

I 6 9.7 6 (21.4) 0 (0) <0.001* 6 (21.4)        0 (0)       0.001*        6 (15.8)             0 (0)             0.001* 
II 24 38.7 16 (57.1) 8 (23.5) 14 (50)       10 (29.4)      20 (52.6)             4 (16.7) 
III 16 25.8 5 (17.9) 11 (32.4) 6 (21.4)       10 (29.4)        9 (23.7)             7 (29.2) 
IV 16 25.8 1 (3.6) 15 (44.1) 2 (7.1)        14 (41.2)        3 (7.9)            13 (54.2) 
 
NULP 

Low 28 45.2 26 (92.9)        2 (5.9)      <0.001*       28 (73.7)             0 (0)             <0.001* 
High 34 54.8   2 (7.1)       32 (94.1)       10 (26.3)           24 (100) 
 
MELK 
Low 28 45.2 26 (92.9) 2 (5.9) <0.001*        28 (73.7)            0 (0)              <0.001* 
High  34 54.8 2 (7.1) 32 (94.1)       10 (26.3)           24 (100) 

 
L1CAM 

Low 38 61.3 28 (100) 10 (29.4) <0.001* 28 (100)       10 (29.4).     <0.001* 
High 24 38.7 0 (0) 24 (70.6)   0 (0)       24 (70.6) 
*P<0.05 is statistically significant   ¥ Chi square test; NUSAP1: nucleolar and spindle associated protein 1; MELK: maternal embryonic leucine zipper kinase; L1CAM: L1 
cell adhesion molecule 
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among the patients concerning the level of MELK, 
treatment response, recurrence, disease-free 
survival, and overall survival. Patients with high 
levels of MELK expression had poor survival 
rates, poor therapy response, and higher recurrence 
rates following therapy (P<0.001) (Tables 2-4, 
Figure 4). 

 
L1CAM expression  

We observed high levels of L1CAM expression 
in 24 (38.7%) of the cases; these levels were 
positively related to high tumor grades, lympho-
vascular invasion, advanced FIGO stage, LN 
metastases, and distant metastases (P=≤0.001). 
There was no statistically significant relationship 
among L1CAM expression, patients’ age, size of 
the tumor, or histopathological subtype (Table 1, 

Figure 3). 
Progression, recurrence, therapy response, and 

survival rates in correlation to L1CAM expression 
There was a statistically significant difference 

in L1CAM levels, treatment response, recurrence, 
disease-free survival, and overall survival. Patients 
with high levels of L1CAM expression had poor 
survival rates, poor therapy response, and higher 
recurrence rates after therapy (P<0.001) (Tables 
2 and 3, Figure 4).  

There was a statistically significant difference 
between mortality and each of the three markers. 
High NURP resulted in 27.18-fold increase in 
mortality, high MELK led to 64.8-fold increase, 
and high L1CAM entailed a 19.568-fold rise in 
mortality. 

There was a statistically significant, positive 

Figure 2. Immunohistochemical expression of MELK in cervical carcinoma: (a) high cytoplasmic expression in poorly-differentiated 
squamous cell carcinoma of the cervix (×400), (b) high cytoplasmic expression in poorly-differentiated adenocarcinoma of the cervix 
(×400), (c) negative cytoplasmic expression in well-differentiated squamous cell carcinoma of the cervix (×400), (d) negative cytoplasmic 
expression in well-differentiated adenocarcinoma of the cervix (×400).  
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association among NUSAP1, MELK, and 
L1CAM Phi correlation coefficient= + 0.87 and 
+ 0.721, respectively (P<0.001). 

 
Discussion 

The present study reported the increased 
expression of NUSAP1 in cervical cancer, which 
was related to poor clinical outcomes and 
unfavorable pathological parameters, mainly 
through promoting invasion and metastasis. 
Additionally, we found that NUSAP1 
overexpression had a correlation with increased 
lymph node and distant metastasis. Our results 
are in line with Li et al. regarding NUSAP1 
expression in cancer cervix.2 

Similarly, Gordon et al. showed that NUSAP1 
expression correlated with unfavorable prognosis 
of different cancers.11   

NUSAP1 was previously shown to be able to 
activate the Wnt/ β-catenin signaling pathway. 
Therefore, it contributes to the metastatic properties 
and activation of cancer stem cell-like features in 
cervical cancer cells and several other cancers; 

this also possibly explains our results.2, 12,13 
Additionally, the Wnt/β-catenin pathway plays 
a significant role in cancer progression via 
activating epithelial mesenchymal transition 
(EMT), contributing to the invasion and metastasis 
of many types of cancer.14, 15  

Okamoto et al. provided another explanation 
for the role of NUSAP1 in cancer.2 They 
demonstrated that the inhibition of NUSAP1 
could inhibit the proliferation of cancer cells and 
enhance the paclitaxel related anticancer properties 
through the activation of apoptotic pathways. 
Moreover, the knockdown of NUSAP1 led to 
cell cycle arrest at G2/M phase,  suppressing 
glioma cell proliferation.17 Additionally, NUSAP1 
depletion I colon cancer cells inhibited cell 
proliferation, migration, invasion, and EMT 
through the induction of apoptosis and inhibition 
of DNA methyltransferase 1 expression.2 Roy et 
al. reported similar roles for NUSAP1 in the cells 
of hepatocellular carcinoma.18 The foregoing 
studies showed that increased NUSAP1 expression 
led to an increase in the malignant criteria of 

Table 2. Distribution of the studied patients according to treatment-specific characteristics and their outcomes 
           N = 62 % 

Treatment 

Surgery 13 21 
Surgery and radiotherapy 10 16.1 
Surgery and chemotherapy 17 27.4 
Surgery, radiotherapy and chemotherapy 14 22.6 
Radiotherapy 4 6.5 
Chemotherapy 4 6.5 
Response 

PD 37 59.7 
SD 4 6.5 
PR 7 11.3 
CR 14 22.6 
OAR 41 66.1 
NR 21 33.9 
Outcome 

Alive 37 59.7 
Dead  25 40.3 
Disease free survival (months) (N=16) 

Mean ± SD 29.03 ± 6.49 
Range 16 - 36 
Overall survival (months) (N=10) 

Mean ± SD 27.68 ± 9.18 
Median (Range) 30 (10 – 36) 
PD: progressive disease; SD: stable disease; PR: partial response; CR: complete response; NR: no response; OAR: overall response
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many cancers, hence the unfavorable patient 
outcomes. Here, we clarified the prognostic roles 
of NUSAP1 expression in the tissues of the 
carcinoma of the cervix, which is in accordance 
with the previously detailed findings.  

There has been a marked improvement in 
cervical cancer treatment; however, invasion and 
metastases are still major obstacles. In this regard, 
we showed that Wnt/β-catenin signaling 
activation, caused by NUSAP1, entailed cervical 
cancer progression by activating the EMT. Thus, 
targeting such pathways might represent a hopeful 
novel anticancer therapy. Li et al. used XAV-939 
(an inhibitor of WNT signaling pathway) to inhibit 
the transcription of catenin.2 They also added 
XAV-939 to inhibit cancer stem cells, subsequently 
leading to the inhibition of metastasis in cancer 

cervix cells.  
To prove the multiple roles of NUSAP1 in 

cervical cancer progression, we assessed the 
expression of another marker (MELK) and 
correlated its expression with clinicopathological 
and prognostic parameters and NUSAP1 
expression. Overexpression of MELK was related 
to the poor prognosis of many malignancies, 
cancer invasion, metastasis, and recurrence.2 The 
present study showed that MELK was over-
expressed in cervical cancer tissues; moreover, 
its expression levels had a correlation with un-
favorable pathological and clinical parameters, 
which is consistent with Wang et al.4 MELK may 
play an important role in the oncogenesis and 
progression of cervical cancer; it could also be a 
novel predictive and prognostic marker for patient 

Middle East J Cancer 2021; 12(2): 172-182178

Figure 3. Immunohistochemical expression of L1CAM in cervical carcinoma: (a) high membranous expression in poorly-differentiated 
squamous cell carcinoma of the cervix (×400), (b) high membranous expression in moderately-differentiated adenocarcinoma of the 
cervix (×400), (c) negative membranous expression in well-differentiated squamous cell carcinoma of the cervix (×400), (d) negative 
membranous expression in well-differentiated adenocarcinoma of the cervix (×400). 



outcomes and a therapeutic target for many 
cancers.2   

MELK was shown to stimulate the proliferation 
of tumor cells, increase mitosis, and play an essential 
role in the P53-P21 apoptotic pathway.20, 21   

Therapeutic agents targeting MELK were 
previously evaluated; for instance, OTSSP167 (a 
selective MELK inhibitor) was reported to inhibit 
the proliferation of cancer cells, but its role against 
cervical cells is not clarified.22   

Additionally, Kohler et al. found that using 
OTSSP167 as an MELK inhibitor, led to the 
induction of G2/M cell cycle arrest, which 
inhibited cell proliferation and induced apoptosis.23 

Wang et al. used different concentrations of 
OTSSP167 to inhibit MELK in cancer cervix 
cells and determine its role in the induction of 
proliferation; P53 and cleaved caspase-3 
(apoptosis-related proteins) showed that inhibited 
MELK affected the proliferation and invasion of 
many cervical cancer cells and promoted apoptosis 
and cell senescence.4 

Targeting MELK by its inhibitor MELK-T1 
reduced the tolerance to DNA damage and made 
the cancer cells more sensitive to DNA damaging 
agents or radiotherapy.24 Therefore, inhibition of 
MELK could be considered as a novel and 
favorable strategy for improving the response to 
chemoradiotherapy in cancers.4 We found a 
positive association between NUSAP1 and MELK 

expression in cervical carcinoma tissue. This is 
because both markers correlated with controlling 
tumor cell apoptosis, cell cycle progression, and 
cancer metastases. To confirm the correlation, 
we assessed the expression of another adhesion 
molecule (L1CAM) and specified the relationship 
between its expression, clinicopathological, and 
prognostic finding and patient outcomes. 

We investigated the association between 
L1CAM expression in cervical cancer cells and 
patients’ survival; we also examined the 
relationship between L1CAM expression and 
cancer progression. Our findings showed that 
L1CAM expression was related to unfavorable 
pathological parameters and poor outcomes; it 
was also a strong predictor of worse recurrence-
free survival and overall survival rates in cervical 
cancer patients. Our results are similar to previous 
studies on cervical cancer and other 
malignancies.25-31 As explained by Altevogt et 
al., L1CAM could be considered as a promising 
novel therapeutic target against cancers.30 The 
role of L1CAM in cancer progression might be 
attributed to its role in EMT.25 Zecchini et al. 
described the dual role of L1CAM in cancer 
cells.26 It supported the adhesion between cells 
and activated apoptosis in non-neoplastic ovarian 
cells, while inhibiting adhesion and apoptosis 
and inducing cell proliferation, invasion, and 
metastases in ovarian cancer cells. Over-
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Table 3. The correlation between NUSAP1, MELK, and L1CAM levels in the studied patients and treatment-specific characteristics 
and their outcomes 

       NUSAP1          MELK        L1CAM 

Low        High P Low        High              P Low        High                 P 

           N=28 (45.2%) N=34 (54.8%)             N=28 (45.2%) N=34 (54.8%)            N=38 (61.3%) N=24 (38.7%) 
Treatment response 

CR 27 (96.4) 10 (29.4)              <0.001*          26 (92.9) 11 (32.4)        <0.001*              31 (81.6) 6 (25)            <0.001* 
PR  1 (3.6) 3 (8.8)                  2 (7.1) 2 (5.9)                 4 (10.5) 0 (0) 
SD 0 (0) 7 (20.6)                  0 (0) 7 (20.6)                 2 (5.3) 5 (20.8) 
PD 0 (0) 14 (41.2)                  0 (0) 14 (41.2)                 1 (2.6) 13 (54.2) 
Response 

OAR 28 (100) 13 (38.2)              <0.001*          28 (100) 13 (38.2)        <0.001*              35 (92.1) 6 (25)           <0.001* 
NR 0 (0) 25 (61.8)                   0 (0) 21 (61.8)                3 (7.9) 18 (75) 
Recurrence (n=38) 

Absent 16 (59.3) 1 (9.1)             <0.001*           17 (63) 0 (0)       <0.001*               17 (53.1) 0 (0)           <0.001* 
Present 11 (40.7) 10 (90.9)                 10 (37) 11 (100)               15 (46.9) 6 (100) 
Disease free survival  

Mean ± SD 31.41±5.62 23.18 ± 4.58           <0.001*∞      33.69 ± 3.4 29.36±5.7       <0.001*∞            32.88±4.6 31.33±6.81             0.003*∞ 
Range 17 - 36 16 - 30             22 - 36 16 - 36               20 - 36 30 - 34 
Overall survival 

Median 36 28           <0.001*#          32 23       <0.001*#                30 25             <0.001*# 
Range 22 - 36 10 - 36            16 - 36 17 - 30                16 - 36 23 - 28 
t Independent sample t test, ∞Z Mann Whitney test, *P<0.05 is statistically significant, ¥ chi square test, #independent sample t test; PD: progressive disease; SD: stable 
disease; PR: partial response; CR: complete response; NR: no response; OAR: overall response; NUSAP1: nucleolar and spindle associated protein 1; MELK: maternal 
embryonic leucine zipper kinase ; L1CAM: L1 cell adhesion molecule  
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expression of L1CAM in cervical cancer increased 
the rates of proliferation, invasion, and migration. 
EMT induction by L1CAM in cervical cancer is 
of extreme importance as it leads to resistance to 
the currently used therapies.32 Further studies are 
needed to assess the role of L1CAM in inducing 
EMT in cervical cancer.26 

We performed this study to assess the 
expression of EMT with other involved markers.  
We found a positive correlation between L1CAM 
and NUSAP1 which is associated with EMT and 
stem cell properties in cervical cancer tissues; 
we also observed a positive association between 
L1CAM and MELK expression, which is 
associated with disturbances in cell cycle control, 
apoptosis, and progression of cervical cancer. 
This explains the overlapping roles of the three 
markers and the recurrence, spread, progression, 
and dismal outcomes of cervical cancer patients. 
Therapeutic targets against those markers could 
be promising in the management of cervical 
cancer, improving its prognosis, and reducing its 

invasion, metastases, and recurrence. 
 

Conclusion 

Metastasis is the main obstacle against the 
success of therapy in cervical cancer patients; 
therefore, novel mechanisms and biomarkers for 
predicting and controlling metastasis might reduce 
the progression of cervical carcinoma and improve 
the patients’ prognosis. The results of our study 
clarified the roles of NUSAP1, MELK, and 
L1CAM in EMT, cell cycle progression, invasion, 
and metastases; our findings further pointed to 
their possible use as predictive and prognostic 
markers for cervical cancer patients and identified 
patients with NUSAP1, MELK, and L1CAM 
overexpression, who might benefit from targeted 
therapies against such markers in addition to the 
traditional treatment. 

 

Limitations of the study 

Small number of cases, short follow-up period, 
and a single method for evaluating the biomarkers 
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Figure 4. Kaplan Meir survival curves of OS rate and DFS of the studied cervical carcinoma patients: (a-c) OS of the studied cervical 
carcinoma cases stratified according to NUSAP1, MELK, and L1CAM expression respectively, (d-f) DFS rates of the studied cervical 
carcinoma cases stratified according to NUSAP1, MELK, and L1CAM expression, respectively.  
NUSAP1: nucleolar and spindle associated protein 1; MELK: maternal embryonic leucine zipper kinase; L1CAM: L1 cell adhesion molecule; OS: overall survival; DFS: 

disease-free survival 



were among the limitations of the present study. 
Due to the many overlapping action 

mechanisms of NUSAP1, MELK, and L1CAM, 
future studies are to accurately detect the 
mechanisms of metastasis induced by their up-
regulation through assessing their molecular 
expression. 
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