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Abstract: Objective: To explore the expression and clinical significance of Gal-3 and NFκB pathway related factors 
in epithelial ovarian carcinoma cells. Methods: 99 histologic specimens of epithelial ovarian cancer and 20 normal 
ovarian histologic specimens were collected, and the expressions of Gal-3, IκB and p65 were detected by immuno-
histochemistry. Their relationship with clinical characteristics was analyzed. Results: The expression of Gal-3 and 
p65 was negatively correlated with the overall survival rate (P<0.05), while the expression of IκB was positively 
correlated with the overall survival rate (P<0.05). Expression of Gal-3, p65 and IκB were found associated with 
EOC platinum resistance (P<0.05), and expression of Gal-3 and p65 correlated with pathologic grading (P<0.05). 
IκB and Gal-3 were associated with the recurrence of EOC (P<0.05). IκB may be related to clinical stage (P<0.05). 
Multivariate analysis results showed that abnormal expression of Gal-3 may be an independent prognostic risk fac-
tors for the drug resistance to platinum-based chemotherapy (95% CI=5.336~34.112, P<0.05). The expression of 
Gal-3, p65, and IκB can be clinical immunohistochemical indicators that determine the prognosis of EOC, but the 
amount of Gal-3 expression was related to the epithelial ovarian cancer’s pathologic type and overall survival, which 
suggested that Gal-3 can be used as a prognostic factor in epithelial ovarian cancer. Conclusion: Targeted therapy 
of Gal-3 may become an effective potential new method against epithelial ovarian cancer.

Keywords: Galectin-3, epithelial ovarian cancer, p65, IκB, clinical prognosis

Introduction

Ovarian cancer (OC) is one of the more com-
mon malignant tumors in women [1]. Because 
of the characteristics of distant metastasis  
and surrounding infiltration, as well as lack  
of effective diagnostic methods and clinical 
prognostic index, OC is the deadliest malignant 
tumor in women [2]. Epithelial ovarian cancer 
(EOC) is the commonest type among ovarian 
cancer, and the one with worst prognosis [3]. 
According to statistics, the survival rate of early 
ovarian epithelial malignant tumor in 5-years 
can reach 70%~90%, but in the late stage,  
the 5-year survival rate is only 20% [4]; there-
fore early diagnosis and effective prognosis 
have great significance for treatment. 

Recently, studies have found that certain func-
tional proteins and signaling pathways may play 
a role in the origin and development of EOC [5]. 
Galectin-3 is the only protein with mosaic type 

of galactose lectin family, which plays an im- 
portant role in a variety of biological actions [6]. 
Studies have shown that Gal-3’s expression 
correlation with the occurrence, development 
and metastasis with a variety of cancers such 
as gastric cancer, esophageal cancer, and cer-
vical cancer [7]. Liu et al. have demonstrated 
that Galectin-3 is closed related to a poor prog-
nosis in serous EOC [8]. However, the mecha-
nism of how Gal-3 affects the biologic behavior 
in EOC at a clinical level is uncertain. 

Nuclear factor-κB (NFκB) proteins are important 
transcription factors that regulate the expres-
sion of genes in a wide range of cell processes 
[9]. Activated NFκB enters the nucleus from 
cytoplasm and combines with start region of 
the specific gene, which starts the gene tran-
scription, therefore affecting cell proliferation, 
apoptosis, and participation in the develop-
ment of tumor [10, 11]. NFκB is a key factor in a 
wide variety of cancers such as lung cancer, 
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breast cancer, and liver cancer [12-14]. In EOC, 
NFκB also plays a greatly significant role in 
terms of cell proliferation, invasion, and migra-
tion [15, 16].

Gal-3 is able to affect the migratory capa- 
bilities and chemotherapy sensitivity of EOC 
cancer cells through the NFκB pathway [17]. 
However, the role of Gal-3 and NFκB signaling 
pathway in occurrence and development of 
EOC is still unclear. To shed light on potential 
effects of Gal-3 on the origin and development 
of EOC, we first analyzed its expression levels in 
EOC. Furthermore, statistical analysis was con-
ducted to investigate the correlation between 
the expression of Gal-3 and NFκB pathway 
related factors in EOC as well as platinum-
based drugs resistance and prognosis. Our 
clinical research had demonstrated that Gal-3 
expression can be a prognostic factor for  
progression-free survival (PFS) and may be 
involved in regulating the response to paclitax-
el-based chemotherapy in the treatment of 
EOC. 

Materials and methods 

Human samples

99 cases of epithelial ovarian cancer patients 
receiving surgical treatment at Sun Yat-sen 
Memorial Hospital, Sun Yat-sen University from 
January 2009 to June 2014 were collected. 
Basic information, important examination 
results and prognosis of the patients were  
considered in our study (Table 1). All patients 
were diagnosed with epithelial ovarian cancer 
at Sun Yat-sen Memorial Hospital of Sun Yat-
sen University. Chemotherapy was needed 
after surgery, and the chemotherapy was based 
on platinum. These patients had no other  
history of cancer. 20 patients were selected 
randomly as a control group from the depart-
ment of gynecology of Sun Yat-sen Memorial 
Hospital, Sun Yat-sen University. Patients in 
this group underwent the total hysterectomy 
due to benign lesions such as uterine fibroids, 
endometrial polyps, adenomyosis, dysfunction 
uterine bleeding, or CIN3. Postoperative path- 

Table 1. General information of patients with epithelial ovarian cancer
Variable Case number Percentage % Death Survival Survival rate P
Age
    >50 53 53.5 16 37 69.8 0.253
    ≤50 46 46.4 9 37 80.4
Pathologic type
    Serous 69 69.7 17 52 75.4 0.495
    Mucous 6 6 3 3 50
    Clear cell 11 11.1 3 8 72.7
    EA1 13 13.1 2 11 84.6

Clinical stage
    I 21 21.2 1 20 95.2 0.032*
    II 9 9.1 1 8 88.9
    III 56 56.6 19 37 66.1
    IV 13 13.1 4 9 69.2
Pathologic grade
    G1 20 20.3 7 13 65 0.248
    G2 37 37.4 11 26 70
    G3 42 42.4 7 35 80.3
Relapse
    Yes 50 50.5 25 25 50 0.000**
    No 49 49.5 0 49 100
Cisplatin-resistant
    Yes 22 22.2 17 5 22.7 0.000**
    No 77 77.8 8 69 89.6
EA: endometrial adenocarcinoma; *P<0.05; **P<0.01.



The effect of Gal-3 and NF-κB in EOC

1199 Int J Clin Exp Pathol 2020;13(5):1197-1205

ology confirmed that there were no pathologic 
changes in the ovary. This study was approved 
by the ethics committee of Sun Yat-sen 
Memorial Hospital.

Immunohistochemistry

Paraffin sections gained from pathology de- 
partment of Sun Yat-sen Memorial Hospital, 
Sun Yat-sen University. The producers of sec-
tions were ignorant of the clinical outcomes  
of samples. All staining procedures referred  
to the instructions of SP immunohistochemical 
kit and DAB chromogenic reagent kit. The  
sections were incubated with primary anti- 
bodies overnight at 4°C (Mouse anti-human 
Galectin-3/p65/IκB monoclonal antibody, Ab- 
cam, America). Then Mouse/rabbit universal 
Streptavidin-HRP kit was used as secondary 
antibody (Dako Denmark) for 1 h at room tem-
perature. Mayer’s hematoxylin was employed 
to nucleus staining.

Evaluation of survival

All patients enrolled were followed-up. The defi-
nition of overall survival (OS) was the period 
between pathologic diagnosis and the day 
death from ovarian cancer or the final follow-
up. The cutoff date was June 2016.

Statistical analysis

SPSS19.0 statistical analysis 
software package was used 
to process data. The expres-
sion difference between Gal-
3, p65 and IκB was compared 
by the Chi-square test. Ka- 
plan-Meier method was used 
for prognostic single factor 
analysis, and log-rank test 
was used in comparison be- 
tween groups. The analysis  
of prognostic factors was car-
ried out by Cox proportional 
risk model. Spearman rank 
correlation analysis was used 
for correlation analysis. P< 
0.05 was considered signifi-
cant. Graph was made by 
GraphPad Prism 5.

Results 

Figure 1. Expression of Gal-3 in normal ovarian epithelium and epithelial 
ovarian cancer. (×200). A. Normal ovarian epithelial cells; B. Epithelial ovar-
ian cancer cells that are Gal-3 (-); C. Epithelial ovarian cancer cells that are 
Gal-3 (+); D. Epithelial ovarian cancer cells that are Gal-3 (++).

General information of patients with epithelial 
ovarian cancer

The basic information of 99 patients enrolled  
is listed in the Table 1; clinical data collected 
mainly include age, pathologic type, stage, 
pathologic classification, relapse, and sensitiv-
ity to platinum-based chemotherapy. Classi- 
fication of clinical stage referred to the stan-
dards of The International Union of Gynecology 
and Obstetrics (FIGO) and The National Com- 
prehensive Cancer Network (NCCN); Scores of 
pathologic grading were by the standards of 
FIGO. The mean survival time of patients fol-
lowed up was 39.3 months, median survival 
time was 37 months; the shortest follow-up 
period was 6 months. The longest follow-up 
period was 72 months.

Expression of Gal-3, p62, and IκB in epithelial 
ovarian cancer and normal ovarian epithelium

The IHC results showed that Gal-3 protein 
expressed in cytoplasmic (Figure 1). Among  
99 patients with epithelial ovarian cancer, 
there were 76 cases (76.8%) showing posi- 
tive expression, among which, there were 45 
(45.5%) cases of weak positive expression, and 
31 cases (31.3%) of strong positive expression. 
Normal ovarian epithelium did not express 
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Gal-3 protein (Table 2). The 
p65 protein is mainly ex- 
pressed in the cytoplasm and 
nucleus (Figure 2). 74 (84.4%) 
cases expressed p65, and 
there were 38 cases (48.0%) 
of weak positive expression, 
and 36 cases (36.4%) of 
strong positive expression. 
Normal ovarian epithelium did 
not express p65 protein 
(Table 2). IκB was expressed 
in the cell membrane and 
cytoplasm (Figure 3). There 
were 58 cases (58.6%) were 
negative and 41 (41.4%) posi-
tive expressions. As for sam-
ples of normal ovarian epi- 
thelium, 2 cases (10%) sh- 
ow negative results, and 18 
cases (90%) gained positive 
expression, among which 
there were 4 cases (20%)  
of weak positive expression, 
and 14 cases (70%) of strong 
positive expression. There we- 
re 24 cases (24.2%) of weak 
positive expression, and 17 
cases (17.2%) of strong posi-
tive expression. As for sam-
ples of normal ovarian epithe-
lium, 2 cases (10%) showed 
negative results, 18 cases 
(90%) had positive expres-
sion, among which, there 
were 4 cases (20%) of weak 
positive expression, and 14 
cases (70%) of strong positive 
expression (Table 2). These 
results illustrated that the 
expression rate of Gal-3, p65, 
and IκB in epithelial ovarian 
cancer were significantly dif-
ferent from normal ovarian 
epithelium.

Table 2. Expression of Gal-3, p65, and IκB in normal ovarian epithelium and EOC

Group Num
Gal-3 p65 IκB

- + ++ P - + ++ P - + ++ P
Normal 20 20 0 0 0.000 20 0 0 0.000 2 4 14 0.000
EOC 99 23 45 31 25 38 36 58 24 17

Figure 2. Expression of p65 in normal ovarian epithelium and epithelial ovar-
ian cancer. (×200). A. Normal ovarian epithelial cells; B. Epithelial ovarian 
cancer cells that are p65 (-); C. Epithelial ovarian cancer cells that are p65 
(+); D. Epithelial ovarian cancer cells that are p65 (++).

Figure 3. Expression of IκB in normal ovarian epithelial and epithelial ovarian 
cancer. (×200). A. Normal ovarian epithelial cells; B. Epithelial ovarian can-
cer cells that are IκB (-); C. Epithelial ovarian cancer cells that are IκB (+); D. 
Epithelial ovarian cancer cells that are IκB (++).
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Relationship between expressions of Gal-3, 
p65 and IκB in EOC

Spearman correlation test was performed on 
the data above, and the results showed that 
the expression of Gal-3 and p65 in epithelial 
ovarian cancer were positively correlated. The 
correlation coefficient is 0.556 (r=0.556), 
P=0.000. This means that the stronger the 
expression of Gal-3, the stronger the expres-
sion of p65. While Gal-3 wsas expressed as 
weak-positive or negative, the expression of 
p65 was also attenuated or became negative. 
By contrast, the expression of Gal-3 and IκB 
was negatively correlated (r=-0.367), P=0.000, 
and the difference was statistically significant, 
which means the stronger the expression of 
Gal-3, the weaker the expression of IκB. If Gal-3 
was expressed as weak-positive or negative, 
then the expression of IκB was strongly posi-
tive. The expression of p65 and I kappa B were 
negatively correlated (r=-0.469), P=0.000. The 
stronger the expression of p65, the weaker  
the expression of IκB. When p65 was expre- 
ssed as weak-positive or negative, the expres-
sion of IκB was strongly positive (Table 3).

Relationship between expression of Gal-3, 
p65, IκB and survival time

The Kaplan-Meier survival curve was plotted to 
describe the relationship between the Gal-3, 
p65, IκB and the survival time of patients, 
respectively. As shown in Figure 4A and 4B,  
the survival time of Gal-3and p65 strong posi-
tive group was significantly lower than that of 
the negative group. However, the survival time 
of IκB negative group was significantly lower 
than that of the weak positive group and the 
strong positive group (Figure 4C). 

Analysis of Gal-3, p65 and IκB expression in 
epithelial ovarian cancer patients and clinical 
features

Gal-3, p65, and IκB expression by IHC and cli- 
nicopathologicfeatures are shown in Table 4. 

Table 3. Relationship between Gal-3, p65, and 
IκB in EOC

Gal-3 p65 IκB
r P r P r P

Gal-3 0.556 0.000 -0.367 0.000
p65 0.556 0.000 -.469 0.000
IkB -0.367 0.000 -0.469 0.000

Gal-3 had no difference in the distribution of 
age, pathologic type, or clinical stage (P>0.05), 
however, it was correlated with pathologic 
grade, recurrence, and platinum resistance 
with statistically significant differences (P< 
0.05). Protein p65 had no significant differenc-
es in age, pathologic type, clinical stage and 
recurrence (P>0.05), but it did correlate with 
pathologic grade and platinum resistance 
(P<0.05). As for IκB, there was no difference in 
age, pathologic type, or pathologic grade distri-
bution (P>0.05); when compared with clinical 
stage, recurrence, and platinum resistance, the 
difference was statistically significant, (P<0.05).

Analysis of prognostic factors in patients with 
epithelial ovarian cancer

Platinum resistance (P=0.004) and Gal-3 
expression (P=0.017) were factors that affect-
ed overall survival postoperatively in patients 
with epithelial ovarian cancer (P<0.05). How- 
ever, there was no significant correlation be- 
tween age, pathologic type, pathologic grade, 
stage, recurrence, p65 and I kappa B expres-
sion and overall survival rate post operation  
in patients with epithelial ovarian cancer 
(P>0.05). Further multivariate analysis showed 
that platinum resistance (HR: 13.491, P=0.000) 
and Gal-3 expression (HR: 3.331, P=0.003) 
were significantly correlated with prognosis 
(Table 5).

Discussion

Epithelial ovarian cancer (EOC) is the main form 
of ovarian cancer, accounting for about 90%  
of all cases of ovarian cancer [18]. The expres-
sion of Gal-3 was related to the development  
of multiple tumors including EOC [19, 20]. 
However, the mechanism of Gal-3 promoting 
the occurrence and development of EOC is still 
unclear. NFκB participates in gene trans- 
cription regulation to promote protein expres-
sion, thus influencing a wide range of cell pro-
cesses such as inflammation, cell proliferation, 
and apoptosis [20]. Gal-3 acts on NFκB sig- 
naling pathway, leading to the occurrence and 
development of ovarian epithelial malignant 
cancer [21]. Our previous study indicates that 
in EOC, Gal-3 may affect the migratory and 
invasive capabilities of cancer cells as well as 
the sensitivity of cancer cells to carboplatin by 
acting through the NFκB pathway [17]. We did 
not answer the question of how the Gal-3  
and NFκB pathway affect clinical indicators. 



The effect of Gal-3 and NF-κB in EOC

1202 Int J Clin Exp Pathol 2020;13(5):1197-1205

In this study we found that p65 did not express 
in EOC cells, while IκB was highly expressed, 
which may indicate that NFκB signaling path-
way was in a resting state most of the time in 
normal ovarian epithelium as well as this result 
is similar to previous study [22]. However, in 
EOC cells, p65 is highly expressed while the 
expression of IκB is low, suggesting that IκB 
may be phosphorylated and degraded, while 
p65 and p50 could be released, and resulted in 
activating the NFκB signaling pathway [23]. 
Many studies have demonstrated that Gal-3 
could activate the NFκB signaling pathway. 
Zhou et al. found that Gal-3 could promote lung 

cancer by targeting NFκB [24]. Knockdown of 
Gal-3 lead to the inhibition of NFκB activation in 
the latently infected cells [25]. Depending on 
these messages, we conducted a two-variable 
Spearman correlation analysis of Gal-3, p65 
and IκB respectively, and found that Gal-3 and 
p65 were positively correlated. Nevertheless, 
the expression of Gal-3 and IκB negatively cor-
related as the same as the relationship between 
the p65 and IκB. The above results may sug-
gest that Gal-3 would lead to the hydrolysis of 
IκB phosphorylation and the increase of p65 
nuclear expression, thus activating the NFκB 
signaling pathway in EOC [26]. 

Figure 4. A. Survival curve of IHC positive expres-
sion of Gal-3 and survival rate. B. Survival curve 
of IHC positive expression of p65 and survival 
rate. C. Survival curve of IHC positive expression 
of IκB and survival rate.
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Combining with the previous studies, we ana-
lyzed the relationship between IHC results  
of Gal-3, p65, IκB predominate expression  
and clinical characteristics of EOC patients.  
We found that expression of Gal-3, p65, and 
IκB significantly affected the survival rate of 
patients with EOC. Only IκB expression positive-
ly correlated with survival. Renal cell carcinoma 

Table 4. Relationship between Gal-3, p65 and IκB and clinicopathologic data

Variable Case 
number

Gal-3 p65 IκB
- + ++ P - + ++ P - + ++ P

Age
    >50 53 13 27 13 0.436 16 19 18 0.768 29 14 4 0.854
    ≤50 46 12 18 16 11 17 18 28 11 7
Pathologic type
    Serous 69 19 32 18 0.268 19 21 29 0.215 38 18 13 0.230
    Mucous 6 0 3 3 0 4 2 6 0 0
    Clear cell 11 1 7 3 5 4 2 7 4 0
    EA1 13 5 3 5 3 7 3 6 3 4
Clinical stage
    I 21 9 8 4 0.482 10 7 4 0.065 9 10 2 0.010*
    II 9 1 5 3 3 3 3 2 3 4
    III 56 11 26 19 9 24 23 38 8 10
    IV 13 4 6 3 5 2 6 8 4 1
Pathologic grade
    G1 20 8 5 7 0.034* 8 8 4 0.023* 11 7 2 0.412
    G2 37 4 23 10 6 19 12 22 6 9
    G3 42 13 17 12 13 9 20 24 12 6
Relapse
    Yes 50 8 20 22 0.003* 10 18 22 0.186 36 8 6 0.021*
    No 49 17 25 7 17 18 14 21 17 11
Cisplatin-resistant
    Yes 22 0 8 14 0.000** 1 9 12 0.011* 19 3 0 0.004*
    No 77 25 37 15 26 27 24 38 22 17
EA: endometrial adenocarcinoma. *P<0.05; **P<0.01.

Table 5. Relationship between clinicopathologic data and prognosis (Cox regression)

Variable
Single factor analysis Multifactor analysis

X2 HR 95% CI P X2 HR 95% CI P
Age 1.281 1.893 0.627~5.714 0.258
Pathologic type 0.270 1.154 0.672~1.980 0.604
Clinical stage 0.012 0.954 0.409~2.223 0.913
Relapse 0.010 166729 0.0~6.5*109 0.922
Cisplatin-resistant 0.010 5.360 1.699~16.909 0.004* 30.226 13.491 5.336~34.112 0.000**
Gal-3 5.464 3.621 1.25~10.46 0.017* 8.614 3.331 1.491~7.439 0.003*
p65 0.202 0.803 0.309~2.089 0.653
IκB 1.712 0.471 0.152~1.455 0.191
*P<0.05; **P<0.01.

patients show a worse survival rate when they 
have higher expression of Gal-3 [27]. In serous 
epithelial ovarian cancer, high expression of 
Gal-3 is related to a low survival rate and  
indicates a poor prognosis [8]. Li et al. found 
that the 5-year survival rate of patients express-
ing p65 were lower than those who do not 
express p65 [28]. Our further correlation analy-
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sis showed that Gal-3, p65, and IκB expression 
were associated with platinum resistance. It 
has been proven that Gal-3 was involved in  
the taxane resistance process of prostate  
cancer cells [29]. 

The expression of Gal-3 and p65 correlated 
with pathologic grading. Expression of I kappa 
B and Gal-3 associated with the recurrence  
of EOC. IκB was associated with clinical stage. 
Combined with the relationship between Gal-3 
and p65 and I kappa B mentioned above, it 
seems these three markers may influence each 
other, and influence platinum chemotherapy 
drug resistance and clinical prognosis of EOC. 
These are likely to become important immuno-
histochemical indexes to determine the prog-
nosis. The multi-factorial analysis result indi-
cates that Gal-3 is an independent risk factor 
affecting the prognosis of patients with EOC, 
and probably can be used as an indicator of 
platinum chemotherapy drug resistance.

Conclusion

Although the number of samples and research 
design is insufficient, our results illustrate that 
Gal-3 can cause abnormal activation of the 
NF-kappa B signaling pathway by adjusting I 
kappa B and p65 in the cytoplasm, resulting in 
the development process of EOC. The strength 
of Gal-3 expression was related to the patho-
logic type and overall survival rate of epithelial 
ovarian cancer, suggesting that Gal-3 can be 
used as a prognostic factor, as well as an  
independent risk factor of platinum chemo- 
therapy drug resistance. Targeted therapy for 
Gal-3 may be an effective method against  
ovarian epithelial cancer. 
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