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ABSTRACT

Background. Detection of novel predictive markers for ear-
ly detection of lymph nodes metastases in cervical cancer is 
very important. Disturbed NR2F6 expression was found in 
many cancers playing different roles according to cancer type. 
LOXL2 was incriminated in cancer progression and unfavor-
able survival in many cancer types. Decreased DMBT1 expres-
sion was found in many cancers during their progression.
Aim of the present work was to assess expression of NR2F6, 
LOXL2 and DMBT1 in cervical cancer tissues using immuno-
histochemistry then correlating their expression with grade 
and stage of the tumor, occurrence of lymph nodes and distant 
metastases in addition to evaluating their prognostic roles.
Materials and methods. We assessed the expression of NR2F6, 
LOXL2 and DMBT1 in samples retrieved from sixty two cervi-
cal cancer patients in cancer tissues and corresponding adja-
cent normal tissues and we correlated markers expression with 
clinical data, pathological findings and patients’ prognosis.
Results. High expression of NR2F6, LOXL2 and low expres-
sion of DMBT1 was up-regulated in cervical cancer tissues 
more than in adjacent non-neoplastic cervical tissues and was 
associated with high grade (p = 0.005), lymphovascular space 
involvement, advanced FIGO stage, resistance to chemother-
apy, tumor recurrence, and shorter survival rates (p < 0.001). 
Conclusions. Up regulation of NR2F6, LOXL2 and down reg-
ulation of DMBT1 were associated with unfavorable patholog-
ical parameters, bad clinical findings and dismal outcome of 
cervical cancer patients.

SOMMARIO

Contesto. La rilevazione di nuovi marcatori predittivi per la dia-
gnosi precoce delle metastasi linfonodali nel cancro cervicale è 
molto importante. L’espressione distorta di NR2F6 è stata trovata 
in molti tumori che svolgono ruoli diversi a seconda del tipo di can-
cro. LOXL2 è stato incriminato nella progressione del cancro e nella 
sopravvivenza sfavorevole in molti tipi di cancro. La diminuzione 
dell’espressione di DMBT1 è stata trovata in molti tumori duran-
te la loro progressione. Lo scopo del presente lavoro era valutare 
l’espressione di NR2F6, LOXL2 e DMBT1 nei tessuti del cancro 
cervicale mediante immunoistochimica, quindi correlando la loro 
espressione con il grado e lo stadio del tumore, la presenza di linfo-
nodi e metastasi a distanza, oltre a valutare i loro ruoli prognostici. 
Materiali e metodi. Abbiamo valutato l’espressione di NR2F6, 
LOXL2 e DMBT1 in campioni prelevati da sessantadue pazienti 
con cancro cervicale nei tessuti tumorali e nei corrispondenti tes-
suti normali adiacenti e abbiamo correlato l’espressione dei marca-
tori con i dati clinici, i risultati patologici e la prognosi dei pazienti. 
Risultati. L’alta espressione di NR2F6, LOXL2 e la bassa 
espressione di DMBT1 erano sovraregolate nei tessuti del 
cancro cervicale più che nei tessuti cervicali adiacenti non 
neoplastici ed erano associate ad alto grado (p = 0,005), coin-
volgimento dello spazio linfovascolare, stadio FIGO avanzato, 
resistenza a chemioterapia, recidiva del tumore e tassi di so-
pravvivenza più brevi (p < 0,001). 
Conclusioni. La sovraregolazione di NR2F6, LOXL2 e la sot-
toregolazione di DMBT1 sono state associate a parametri pa-
tologici sfavorevoli, risultati clinici negativi e risultati negativi 
dei pazienti con cancro cervicale.
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INTRODUCTION

Cancer cervix is the 4th commonest cancer and 4th 
cause of malignancy associated fatalities in wom-
en worldwide (1). Squamous cell carcinoma of the 
cervix is the commonest histopathological subtype 
of cancer cervix forming about 75-80% of all diag-
nosed cervical carcinoma cases (2).
Staging of cervical cancer is performed preopera-
tively (3). Presence of lymph node metastasis is the 
most important predictive factor of cancer recur-
rence and dismal outcome in cervical cancer (4). 
Therefore, detection of novel predictive markers 
for early detection of lymph nodes metastases in 
cervical cancer is very important.
Nuclear receptor subfamily 2 group F member 6 
(NR2F6) is mapped on chromosome 19p13.1.1; 
and it encodes a conserved 43-kDa protein (5). 
NR2F6 was found to be responsible for regulating 
many biological processes as organogenesis and 
cellular differentiation during embryogenesis (6). 
Disturbed NR2F6 expression was found in many 
cancers playing different roles according to cancer 
type (7, 8). Lysyl oxidase-like 2 (LOXL2) is a lysyl 
oxidase (LOX) family member that plays an essen-
tial role in making cross-links of collagen and elas-
tin in the extracellular matrix (9). LOXL2 was in-
criminated in cancer progression and unfavorable 
survival in many cancer types (10). Additionally, 
LOXL2 was found to be one of the recent therapeu-
tic targets for cancer treatment (11). 
Deleted in malignant brain tumor 1 (DMBT1), 
which is mapped on chromosome 10q25.3-26.1, 
was primarily discovered in glioblastoma and me-
dulloblastoma as deleted, hence responsible for 
their progression and dismal outcome (12).
Recently, decreased DMBT1 expression was found 
in many cancers during their progression (13, 14) 
NR2F6, LOXL2 and DMBT1 expression in cervical 
cancer was not sufficiently clarified.
Aim of the present work was to assess expression of 
NR2F6, LOXL2 and DMBT1 in cervical cancer tis-

sues using immunohistochemistry then correlating 
their expression with grade and stage of the tumor, 
occurrence of lymph nodes and distant metastases 
in addition to evaluating their prognostic roles.

MATERIALS AND METHODS

The present prospective study was performed on 
62 cervical cancer patients where we acquired 124 
specimens from both malignant cervical cancer tis-
sues and corresponding adjacent normal tissues. 
Patients who were admitted and operated in Gy-
necology and Obstetrics Department and General 
Surgery Department, Faculty of Medicine, Zagazig 
University. Samples were processed and evaluated 
in Pathology Department, Faculty of Medicine, Za-
gazig University and patients were followed up for 
5 years in Clinical Oncology and Nuclear Medicine 
Department and in Medical Oncology Department 
in the period from January 2013 to May 2018.
All included samples were stained with NR2F6, 
LOXL2 and DMBT1 using immunohistochemistry.
We assessed the relationship between NR2F6, 
LOXL2 and DMBT1 tissue protein expression with 
disease progression and survival outcome of in-
cluded cervical cancer patients.
The inclusion criteria were: 
1. patients with a sure diagnosis of cervical squa-

mous cell carcinoma and adenocarcinoma with 
accurate staging, 

2. patients with complete clinical and pathological 
data and 

3. patients with complete records of about 30 
months follow-up.

Exclusion criteria were: 
1. patients with other histopathological subtypes 

of cervical cancer, 
2. patients with preoperative administration of ra-

diotherapy, chemotherapy or hormonal therapy 
and 

3. inoperable patients.
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We acquired consents from included patients and 
an ethical approval for performing the study from 
the local ethical committee of Faculty of Medicine, 
Zagazig University.

Immunohistochemical (IHC) analysis

Primary antibodies used were: primary rabbit 
polyclonal anti- NR2F6 antibody (ab137496), an-
ti-LOXL2 antibody (ab96233) and DMBT1 (My-
BioSource, MBS9416387). Human gastric carcino-
ma tissue, human esophageal cancer tissue and 
non-neoplastic mucosa of the colon were used as 
positive controls for NR2F6, LOXL2 and DMBT1 
respectively. IHC analysis was done as previously 
described (15).

Evaluation of IHC of NR2F6, LOXL2 and DMBT1

We assessed nuclear NR2F6 expression, cytoplas-
mic LOXL2 expression and cytoplasmic and mem-
branous DMBT1 expression in cervical cancer 
tissues and adjacent non-neoplastic cervical muco-
sa. Evaluation of the stain was done according to 
staining extent and intensity.
The extent was scored as follows: 0 (negative tumor 
cells); 1 (< 10% positive tumor cells); 2 (10%–50% 
positive tumor cells); 3 (> 50% positive tumor cells).
The intensity was scored as follows: 0, negative; 1, 
weak stain (light yellow); 2, moderate stain (yellow 
brown); 3, strong stain (brown). The final stain in-
dex was calculated by multiplying scores of extent 
and intensity, yielding results from 0–9. The suit-
able cut-off value was 4. Values above that value 
are considered high expression and below this val-
ue were considered low expression.

Statistical analysis

All statistical analyses were performed using SPSS 
version 19.0 (SPSS, Chicago, IL, USA).
The relationship between NR2F6, LOXL2 and 
DMBT1expression and the clinicopathologic fea-
tures of cervical cancer was analyzed using the 
chi-square test and Fisher’s exact test. We used 
Spearman’s rank correlation coefficients to calcu-
late the bivariate correlations between the studied 
variables. We plotted survival curves using the Ka-
plan–Meier method and compared them using log-
rank testing. Relative risk ratios were calculated 
using the Cox proportional hazard model. Univar-
iate and multivariate survival distributions were 

compared using log-rank testing. We considered p 
< 0.05 statistically significant.

NR2F6 expression in cervical cancer and adjacent 
non-neoplastic tissues

Tissue protein expression of NR2F6 was up-reg-
ulated in cervical cancer tissues more than in ad-
jacent non-neoplastic cervical tissues and was 
negative in all samples of non-neoplastic cervical 
mucosa (p < 0.001) (table I).
High expression of NR2F6 was present in 34 (54.8%) 
of cervical cancer tissues and was associated with 

Table I. Association between expression of NR2F6, LOXL2 and DMBT1 
in cervical carcinoma and adjacent normal mucosa tissues.

Cervical cancer  
(N = 62)

Adjacent normal 
(N = 62) 

p-value‡

No.(%) No. (%)

NR2F6

Low 28 (45.2%) 62 (100%) < 0.001

High 34 (54.8%) 0 (0%)

LOXL2

Low 28 (45.2%) 50 (80.6%) 0.001

High 34 (54.8%) 12 (19.3%)

DMBT1

Low 40 (61.3%) 0 (0%) < 0.001

High 22 (38.7%) 62 (100%)

C‡ Chi-square test; p < 0.05 is significant.

old age of the patient (p = 0.002), large tumor size 
(p = 0.004), high grade (p = 0.005), lymphovascular 
space involvement, para-uterine organ infiltration, 
advanced FIGO stage, resistance to chemotherapy, 
tumor recurrence (p < 0.001).
Patients with high NR2F6 expression had shorter 
recurrence free survival (RFS) and overall survival 
(OS) rates (p < 0.001) (figures 1, 4, tables II-V).

LOXL2 expression in cervical cancer and adjacent 
non-neoplastic tissues

Tissue protein expression of LOXL2 was up-regulat-
ed in cervical cancer tissues more than in adjacent 
non-neoplastic cervical tissues (p =0.002) (table I).
High expression of LOXL2 was present in 34 (54.8%) 
of cervical cancer tissues and was associated with 
old age of the patient (p=0.002), large tumor size 
(p = 0.004), high grade (p = 0.005), lymphovascular 
space involvement, para-uterine organ infiltration, 
advanced FIGO stage, resistance to chemotherapy, 
tumor recurrence (p<0.001).
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Patients with high LOXL2 expression had shorter 
recurrence free survival (RFS) and overall survival 
(OS) rates (p < 0.001) (figures 2, 4, tables II-V).

DMBT1expression in cervical cancer and adjacent 
non-neoplastic tissues

Tissue protein expression of DMBT1 was markedly 
down regulated in cervical cancer tissues than in 

adjacent non-neoplastic cervical tissues and high 
expression was found in all samples of non-neo-
plastic cervical mucosa (p < 0.001) (table I).
High expression of DMBT1 was associated with low 
grade (p = 0.049), absence of myometrium invasion 
(p = 0.039), absence of lymphovascular space involve-
ment, absence of para-uterine infiltration, early FIGO 
stage (p = 0.022), response to chemotherapy (p = 0.33) 
and lower incidence of tumor recurrence (p = 0.028).

Figure 1. NR2F6 expression in tissues of cervical carcinoma and 
non neoplastic cervical epithelium: (A) increased nuclear expression 
in poorly differentiated cervical squamous cell carcinoma x400, (B) in-
creased nuclear expression in poorly differentiated cervical adeno-car-
cinoma x400, (C) decreased nuclear expression in well differentiated 
cervical squamous cell carcinoma  x200, (D) negative  nuclear expres-
sion in well differentiated cervical adeno-carcinoma of the cervix x400, 
(E) negative  nuclear expression in non neoplastic cervical epithelium 
of the ecto-cervix x400.

a)

c)

b)

d)

e)
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Patients with high DMBT1 expression had longer 
recurrence free survival (RFS) and overall survival 
(OS) rates (p < 0.001) (figures 3, 4, tables II-V).

DISCUSSION

We showed that high NR2F6 expression was found in 
cancer tissues more than in adjacent non-neoplastic 
tissues and its high expression was associated with 
higher grade and advanced stage of cervical cancer.
Similarly Niu et al., (1) reported for the first time 
that high NR2F6 expression is correlated with poor 
prognosis, unfavorable clinical characteristics and 
dismal outcome. 

Table II. Association between patients demographics, prognostic parameters and expression of NR2F6, LOXL2 and DMBT1 in the cervical cancer patients.
Total 
Patients

NR2F6 LOXL2 DMBT1

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 = 40 
(61.3%)

N = 
22(38.7%)

Age group:
≤ 55 years old
> 55 years old

25
37

40.3
59.7

26 (92.7)
2 (7.1)

11 (32.4)
23 (67.6)

0.002 16 (57.1)
12 (42.9)

9 (26.5)
25 (73.5)

0.002 9 (22.5)
31 (77.5)

16 (72.7)
6 (27.3)

< 0.001*

Histopathology:
Squamous cell 
carcinoma
Adenocarcinoma

44
18

71
29

19 (67.9)
9 (32.1)

25 (73.5)
9 (26.5) 0.78

19 (67.9)
9 (32.1)

25 (73.5)
9 (26.5)

0.78 28 (70)
12 (30)

16 (72.7)
6 (27.3) 0.821

Size:
< 4 cm
≥ 4 cm 

6
56

9.7
90.3

6 (21.4)
22(78.6)

0 (0)
34 (100)

0.004 6 (21.4)
22 (78.6)

0 (0)
34 (100)

0.004 3 (7.5)
37 (92.5)

3 (13.6)
24 (86.4)

0.657

Grade:
I
II
III 

10
38
14

16.1
61.3
22.6

10 (35.7)
17 (60.7)
1 (3.6)

0 (0)
21 (61.8)
13 (38.2)

0.005 10 (35.7)
16 (57.1)
2 (7.1)

0 (0)
22 (64.7)
12 (35.3)

0.005 4 (10)
27 (67.5)
9 (22.5)

6 (27.3)
11 (50)
5 (22.7)

0.049

LVSI:
Absent
Present 

44
18

71
29

27 (96.4)
1 (3.6)

17 (50)
17 (50)

< 0.001* 26 (92.9)
2 (7.1)

18 (52.9)
16 (47.1)

0.001* 28 (70)
12 (30)

16 (72.7)
6 (27.3)

0.022

Lymph node:
Absent
Present 

30
32

48.4
51.6

22 (78.6)
6 (21.4)

8 (23.5)
26 (76.5)

< 0.001* 22 (78.6)
6 (21.4)

8 (23.5)
26 (76.5)

0.002* 17 (42.5)
23 (57.5)

13 (59.1)
9 (40.9)

0.211

Distant metastasis:
Absent
Present 

46
16

74.2
25.8

27 (96.4)
1 (3.6)

19 (55.9)
15 (44.1)

< 0.001* 20 (71.4)
8 (28.6)

10 (29.4)
24 (70.6)

0.003* 29 (72.5)
11 (27.5)

17 (77.3)
5 (27.7)

0.681

Stage:
I
II
III
IV

6
24
16
16

9.7
38.7
25.8
25.8

6 (21.4)
16 (57.1)
5 (17.9)
1 (3.6)

0 (0)
8 (23.5)
11 (32.4)
15 (44.1)

< 0.001*
6 (21.4)
14 (50)
6 (21.4)
2 (7.1)

0 (0)
10 (29.4)
10 (29.4)
14 (41.2)

0.001*
3 (7.5)
14 (35)
12 (30)
11 (27.5)

3 (13.6)
10 (45.5)
4 (18.2)
5 (22.7)

0.286

NR2F6:
Low
High  

28
34

45.2
54.8

26 (92.9)
2 (7.1)

2 (5.9)
32 (94.1)

< 
0.001*

14 (35)
26 (65)

14 (63.6)
8 (36.4)

0.03*

LOXL2:
Low
High  

28
34

45.2
54.8

26 (92.9)
2 (7.1)

2 (5.9)
32 (94.1)

< 0.001* 13 (32.5)
27 (67.5)

15 (68.2)
7 (31.8)

0.007*

DMTB1:
Low
High 

40
22

61.3
38.7

28 (100)
0 (0)

10 (29.4)
24 (70.6)

< 0.001* 28 (100)
0 (0)

10 (29.4)
24 (70.6)

< 
0.001*

*p < 0.05 is statistically significant; ¥ Chi square test.

NR2F6 might be considered a novel prognostic bio-
marker and therapeutic target for cervical cancer. 
NR2F6 was found to be overexpressed and asso-
ciated with poor prognosis in patients with many 
cancers (7). These results denoted that it promoted 
tumor development and progression. 
Niu et al., (1) showed that there was upregulation 
of NR2F6 mRNA and its tissue protein expression 
in cervical cancer and they have found a signifi-
cant correlation between its tissue expression and 
advanced FIGO stage, tumor recurrence, resis-
tance to chemotherapy, and presence of lymph 
nodes metastases.
Lymph nodes metastases is the most important 
predictive prognostic parameter and determining 
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Table III. Association between treatment-related results and cervical can-
cer patients outcome.

N = 62 %

Treatment:
Surgery
Surgery and radiotherapy
Surgery and chemotherapy
Surgery, radiotherapy and chemotherapy
Radiotherapy
Chemotherapy

13
10
17
14
4
4

21
16.1
27.4
22.6
6.5
6.5

Response:
PD
SD
PR
CR

37
4
7
14

59.7
6.5
11.3
22.6

Response:
OAR
NR 

41
21

66.1
33.9

Outcome:
Alive
Dead  

37
25

59.7
40.3

Disease free survival (months) (N = 38):
Mean ± SD
Range

29.03 ± 6.49
16 - 36

Overall survival (months):
Mean ± SD
Range

27.68 ± 9.18
10 – 36

Table IV. Association between patients treatment-response, outcome and expression of NR2F6, LOXL2 and DMBT1 in the cervical cancer patients.
NR2F6 LOXL2 DMBT1

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 = 40 
(64.5%)

N = 22 
(35.5%)

Treatment response:
CR
PR
SD
PD 

27 (96.4)
1 (3.6)
0 (0)
0 (0)

10 (29.4)
3 (8.8)
7 (20.6)
14 (41.2)

< 0.001*
26 (92.9)
2 (7.1)
0 (0)
0 (0)

11 (32.4)
2 (5.9)
7 (20.6)
14 (41.2)

< 0.001*
32 (57.5)
3 (7.5)
4 (10)
10 (25)

14 (63.6)
1 (4.5)
3 (13.6)
4 (18.2)

0.033

Response:
OAR
NR

28 (100)
0 (0)

13 (38.2)
25 (61.8)

< 0.001* 28 (100)
0 (0)

13 (38.2)
21 (61.8)

< 0.001* 26 (65)
14 (35)

15 (68.2)
7 (31.8)

0.033

Recurrence (n=38):
Absent
Present 

16 (59.3)
11 (40.7)

1 (9.1)
10 (90.9)

< 0.001* 17 (63)
10 (37)

0 (0)
11 (100)

< 0.001* 7 (30.4)
16 (69.6)

10 (66.7)
5 (33.3)

0.028*

*p < 0.05 is statistically significant; ¥ Chi square test.

factor for treatment of early-stage cervical cancer 
(16). 
Predicting occurrence of lymph node metastases be-
fore treatment of cervical cancer allows selecting the 
best management options (1). In the current study we 
found that NR2F6 was highly expressed in cervical 
cancer with positive lymph nodes metastases so it 
could be considered a predictive biomarker for lymph 
nodes metastases in early stage cervical cancer.
We also found that increased tissue protein expres-
sion was related to poor survival of patient hence 
considering it as a novel prognostic biomarker.
Despite discovering the values of using cancer cer-
vix screening programs using Pap smear in ear-
ly diagnosis of cancer cervix which in turn led to 
improvements in management, yet, the rate of re-
currence is still high reaching up to 15%–30% (17). 
Although using adjuvant treatment reduced recur-
rence rate but it till now has many complications 
(1). Thus, it is essential to discover novel biomarker 
for early prediction of recurrence which in succes-

sion will lead to discovering new targeted therapies 
against recurrence. We showed that NR2F6 expres-
sion was significantly associated with recurrence 
and it might be considered a predictive factor of re-
currence and a cancer therapeutic target (18).
In the present study we assessed the expression of 
LOXL2 a novel cancer prognostic biomarker and 
we found that its expression was positively asso-
ciated with NR2F6 expression and was related to 
unfavorable pathological and clinical findings, in 
addition, patients with high expression of LOXL-2 
had poor survival rates.
We have chosen LOXL-2 in cervical cancer tissues 
due to previous studies about its association with 

EMT induction in cancer through interaction with 
Snail-1 and E-cadherin (19).
Cao et al., (10) found that LOXL2 expression was 
positively related to EMT phenotype in cancer cer-
vix and they found that cancer cells proliferation and 
migration were reduced after inhibition of LOXL2.
Cao et al., (10) found similar results regarding asso-
ciation between high LOXL2 expression and poor 
OS and DFS in cancer cervix patients.
Aberrant activation of EMT in many types of can-
cer was found during tumor progression and me-
tastasis (20). LOXL2 overexpression induced EMT 
by increasing expression of many EMT inducing 
factors as SNAIL, ZEB, FAK/SRC and IRE1-XBP1 
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signaling pathways in cancer cells (21, 22). Addi-
tionally, LOXL2 has a role in remolding process of 
the extracellular matrix which facilitated cancer 
cells invasion (23). Due to the scarcity of studies 
that assessed the expression of LOXL2 in cancer in 
addition to plenty of recent studies which were not 
significant particularly in regards to the grade and 
stage relation with its expression Cao et al., (10), we 
assessed another marker DMBT1 expression and its 
association with NRF2 and LOXL2 in cancer cervix.

In the present report we showed that DMBT1 ex-
pression levels were down regulated in cervical 
cancer tissues and its low expression was associated 
with poor prognosis and dismal outcome. Similar 
results were found by previous studies (14). Zhang 
(14) showed that mRNA and tissue protein DMBT1 
levels were downregulated in cervical cancer tis-
sues in comparison to normal cervical mucosa.
These findings collectively showed DMBT1 tumor 
suppressor role in cervical cancer. 

Figure 2. LOXL2 expression in tissues of cervical carcinoma and non 
neoplastic cervical epithelium: (A) increased cytoplasmic expression in 
poorly differentiated invasive cervical squamous cell carcinoma Grade 
IIIx400, (B) increased cytoplasmic expression in moderately differentiat-
ed invasive cervical squamous cell carcinoma Grade IIx400, (C) increased 
cytoplasmic expression in moderately differentiated invasive cervical ade-
no-carcinoma Grade IIx400, (D) negative  cytoplasmic expression in well 
differentiated cervical adeno-carcinoma of the cervix x400, (E) negative 
cytoplasmic expression in non neoplastic cervical epithelium of the ec-
to-cervix x400.

a)

c)

b)

d)

e)
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DMBT1 inhibition and association with cancer pro-
gression was found in many tumors (24). 
Additionally high expression of DMBT1 was associat-
ed with early FIGO stage, small tumor size, absence of 
lymph node metastasis, and low grade of the tumor.
Sousa JF, (25) and Dodurga et al. (26) and Du et al. 
(27) agreed with our result and showed that low ex-
pression of DMBT1 was associated with advanced 
disease and poor prognosis of many cancers. 

Figure 3. DMBT1in tissues of cervical carcinoma and non neoplastic cervical epithelium: (A) High nuclear expression in non neoplastic cervical epithelium of 
the ecto-cervix x400, (B) High nuclear expression in well differentiated invasive squamous cell carcinoma of the cervix x400, (C) Low nuclear expression in poorly 
differentiated cervical squamous cell carcinoma x400, (D) Low nuclear expression in poorly differentiated cervical adeno-carcinoma x400.

a)

c)

b)

d)

Table V. Association between patients survival and expression of NR2F6, LOXL2 and DMBT1 in the cervical cancer patients.

Patients’ outcome NR2F6 LOXL2 DMBT1

High Low High Low High Low

N = 34 (%) N = 28 (%) N = 34 (%) N = 28 (%) N = 22 (%) N = 40 (%)

Outcome:
Dead  
Alive  

23 (67.6)
11 (32.4)

2 (7.1)
26 (92.9)

24 (70.6)
10 (29.4)

1 (3.6)
27 (96.4)

18 (81.8)
4 (18.2)

19 (47.5)
21 (52.5)

P < 0.001** < 0.001** < 0.008*

Odds ratio 27.18 64.8 4.97

95% confidence interval 5.45 – 136.68 7.72 – 544.14 1.43 – 17.34

OR odds ratio; CI confidence interval; **p ≤ 0.001 is statistically highly significant.

Loss of DMBT1 expression in colorectal cancer 
was associated with unfavorable prognosis and 
was a predictive factor for disease recurrence (28). 
Moreover, Zhang (14) found that overexpression of 
DMBT1 promotes apoptosis and inhibits prolifera-
tion of cervical cancer cells which might be a possi-
ble explanation of our results. 
Zhang (14) found both a marked elevation in the 
proapoptosis proteins as Bax and caspase-3 and 
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Figure 4. Kaplan Meir survival curves of Disease free survival (DFS) and overall survival rate (OS) of cervical carcinoma patients: (A and B) DFS and OS 
rates stratified according to NR2F6 expression respectively, (C and D) DFS and OS rates stratified according to LOXL2 expression respectively, (E and F) DFS 
and OS rates stratified according to DMBT1 expression respectively. 

a)

c)

e)

b)

d)

f)
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a marked reduction in the expression of the an-
ti-apoptosis protein (Bcl-2) in cancer cells with high-
er DMBT1 expression. 
Moreover, they showed that overexpression of 
DMBT1 could inhibit cervical cancer cells invasion 
and metastasis. 
It was found that disturbances in the PI3K-AKT 
signaling pathway was incriminated in EMT in-
duction and in controlling cancer progression (29) 
Shen et al. (13) showed that higher expression of 
DMBT1 could be able to control PI3KAKT pathway 
by which it inhibits gall bladder cancer migration 
and invasion. Zhang et al., (14) showed that in-
creased DMBT1 expression led to reduction in the 
expression of Vimentin and N-cadherin and up-reg-
ulation of E-cadherin so DMBT1 was able to inhibit 
EMT reducing cancer cells invasion and spread. 

CONCLUSIONS

In the current study we assessed the expression 
of NR2F6, LOXL2 and DMBT1 which were novel 
markers incriminated in controlling EMT in cancer 
cells generally and particularly in cancer cervix cells. 
We concluded that up regulation of NR2F6, LOXL2 
and down regulation of DMBT1 were associated 
with unfavorable pathological parameters, bad clin-
ical findings and dismal outcome of patients.

Strengths of the study

First, the study was a prospective study that was 
the first in evaluation of 3 novel biomarkers that 
have not been previously evaluated together. Sec-
ond, the three markers were previously found to 
have similar roles regarding induction of EMT in 
variable cancers, but they were not sufficiently 
evaluated in cancer cervix.
Moreover, previous studies assessed each mark-
er in squamous cell carcinoma (SCC) which is the 
commonest histopathological subtype of cancer 
cervix but we assessed the expression of the mark-
ers in both SCC and adenocarcinoma.

Limitations of the study

First, the study included small cohort. Second, 
evaluation of the markers was done by only im-
munohistochemistry for evaluation of tissue pro-
tein expression of the assessed markers without 
genetic assessment.

So further future studies are needed to prove our 
findings in a larger cohort of cervical cancer patients 
and evaluation of genetic levels of the markers was 
needed to detect the mechanism of action of NR2F6, 
LOXL2 and DMBT1 in cervical cancer progression 
aiming at discovering novel therapies to decrease 
cervical cancer recurrence and progression.
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