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Ki67 and nm23 are potential prognostic markers  
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Abstract: Objective: To investigate the expression and clinical associations of Ki67 and nm23 in chronic nasophar-
yngitis and nasopharyngeal carcinoma (NPC). Methods: Expressions of Ki67 and nm23 were examined by immu-
nohistochemical assay (SP method) in tissues among 23 patients with nasopharyngitis and 59 patients with NPC. 
Associations of Ki67 and nm23 expression with clinical parameters such as clinical stage, cervical lymph node 
metastasis status, and distant metastasis status and 5-year survival rate were statistically analyzed. Results: 1) 
Comparing to chronic nasopharyngitis, the incidence rate of positive Ki67 in NPC was significantly higher, whereas 
nm23 was lower (P < 0.01). 2) The positive incident rate of Ki67 in NPC was positively correlated with clinical stage 
and distant metastasis status. Patients with positive expression of Ki67 had lower 5-year survival rate. 3) The inci-
dence rate of positive nm23 in NPC was negatively correlated with clinical stage, cervical lymph node metastasis 
status, distant metastasis status, but not with age and T-stage. Patients with positive expression of nm23 had 
higher 5-year survival rate. 4) The positive incidence rate of Ki67 and nm23 were negatively correlated. We found 
patients with negative Ki67 and positive nm23 had longer survival time. Conclusions: The expressions of Ki67 and 
nm23 were associated with disease progression, invasiveness and metastatic status of NPC. Together, the data 
suggest Ki67 and nm23 could provide helpful information in understanding clinical characteristics of NPC tumors, 
and are potential prognostic markers for NPC patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is highly 
prevalent in southern China especially in 
Guangdong province, of which the incident rate 
can be more than 10/10,000 person per year. 
The definite cause of most cases of NPC is far 
from clear, but a spectrum of etiologies includ-
ing genetic susceptibility, environmental fac-
tors, and viral infection has been proposed [1]. 
Early NPC is not easily detected because the 
nasopharynx is anatomically located deep 
inside the head. Most patients at the first pre-
sentation are diagnosed advanced NPC, often 
with lymph node metastasis already developed, 
making the treatment challenging. In recent 
years, because of the improvement of radiation 
therapy, the 3-year survival rate of patients 
with NPC can reach > 90% while the 5-year one 

can be 78%. Despite the efficiency of therapy, 
local-regional recurrence and distinct metasta-
sis represent the leading causes of mortality 
among patients with NPC [2]. 

Ki67 protein is a cellular marker for prolifera-
tion, while nm23 is a metastasis inhibitor. 
Although aberrant expression of the two is 
believed to play roles in tumor invasion and 
metastasis, it is unclear whether the expres-
sion would be associated with clinicopathologi-
cal parameters of NPC like clinical stage, cervi-
cal lymph node metastasis, and distant 
metastasis. The correlation of the two proteins 
in clinical patients also remains to be deci-
phered. As such, we employed immunohisto-
chemistry to examine the expression of Ki67 
and nm23 in NPC tissues, and evaluated their 
expressions in relation to clinical characteris-
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tics of NPC. We also analyzed the survival data 
of the patients in order to determine if Ki67 and 
nm23 can be used as prognostic markers.

Methods and materials

Study population

A total of 59 NPC cases diagnosed between 
January 2000 and January 2008 were recruit-
ed; among them 43 were males and 16 were 
females, with ages ranged from 15 to 80 years 
old (median at 48.4 years). All patients had no 
history of radiation therapy, chemotherapy or 
immunotherapy before enrollment. Primary 
tumors from these patients were formalin-fixed, 
paraffin-embedded, and sectioned for histolo-
gy examination. All cases were confirmed as 
non-keratinizing NPC.

All the patients underwent endoscopic exami-
nation, nasopharyngeal CT scan, neck and 
abdominal ultrasound, single-photon emission 
computed tomography (SPECT). Three of the 
patients additionally had a whole body PET-CT 
imaging. TNM staging was defined according to 
the Chinese 1992 Fuzhou Staging System, and 
there were 24 Stage I/II and 35 Stage III/IV 
cases. Forty-four cases were found positive 
with cervical lymph node metastasis, in which 
22 were N1, 17 were N2, and 5 were N3. 
Patients at Stage I/II received radiotherapy at 
the doses of NPDT 6,800-7,200 CGy. Patients 
at Stage III/IV received the radiotherapy and 
combination chemotherapy of cisplatin (DDP) 
and fluorouracil (5-FU). All the patients have 
complete follow-up information. The follow-up 

time ranged from 5 to 84 months, with a medi-
an follow-up time of 68 months. Specimens in 
the control group were obtained from 23 
patients diagnosed with chronic inflammatory 
nasopharyngeal mucosa. Controls include 15 
males and 8 females at ages ranged from 23 to 
68 years old (median at 41.5).

Immunohistochemistry 

Histological diagnosis was confirmed by H&E 
staining on the paraffin embedded sections, 
with Ki67 and nm23 expression studied using 
two-step immunohistochemistry assay. Mono- 
clonal mouse anti-human Ki67, monoclonal 
nm23 antibodies, immunohistochemical SP kit 
and DAB reagent (Beijing Zhongshan Golden 
Bridge Biotechnology Co., Ltd., Beijing, China) 
were used. The staining processes were per-
formed in accordance to the manufacturer’s 
instruction. For negative control, sections were 
probed with PBS instead of the primary anti-
body. Sections of known NPC-positive tissues 
were used as positive controls. 

Scoring method

The IHC results were evaluated and scored by 
two senior pathologists in a double-blinded 
manner. In each section, 5 fields were selected 
randomly under high power microscope, with 
each field 200 tumor cells counted. Ki67 and 
nm23 positive signals were observed in various 
staining intensity ranging from light yellow to 
brown granules. Ki67 signal was mainly 
observed in nuclei (Figure 1), and nm23 signal 
was observed in cytoplasm (Figure 2). The per-

Figure 1. Immunohistochemistry showing the positive Ki67 expression in NPC tissue. A. Magnification ×200. B. 
Magnification ×400.
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centage of positive cells was calculated by: 
number of cells with positive signal/total num-
ber of cells counted x 100%. According to the 
percentages, the section was graded as “-” (< 
5%), “±” (5%-25%), “+” (25%-50%), “++” (50%-
70%), or “+++” (> 75%). Sections with ≤ 25% 
positive cells were defined as negative expres-
sion, whereas sections with > 25% positive 
cells were defined as positive expression.

Statistical analysis

Statistical analysis was performed using SPSS 
11.5. Clinicopathological parameters were ana-
lyzed as categorical data using Chi-square test. 
Correlation between Ki67 and nm23 expres-
sions in cancerous tissues was determined 
using Pearson correlation test. Survivals of 
NPC patients with differential expressions of 
Ki67 and nm23 were analyzed using Kaplan-
Meier analysis.  

Results

Expression of Ki67 and nm23 in NPC

Ki67 was positively expressed in 4.35% (1/23) 
of tissues with chronic inflammation of naso-
pharyngeal mucosa and in 71.19% (42/59) of 
tissues with NPC. The results showed a signifi-
cant higher positive rate of Ki67 in NPC (χ2 = 
27.0232, P < 0.01). nm23 was positively 
expressed in 91.3% (21/23) of tissues with 
chronic inflammation of nasopharyngeal muco-
sa and expressed in 49.15% (29/59) of tissues 
with NPC, indicating a significantly lower posi-
tive rate of nm23 in NPC (χ2 = 8.3255, P < 
0.01).

Figure 2. Immunohistochemistry showing the positive nm23 expression in NPC tissue. A. Magnification ×200. B. 
Magnification ×400. 

Association of Ki67 and nm23 expression and 
clinical parameters

Higher positive rate of Ki67 was found in 
patients of advanced stages (stage III/IV vs. 
stage I/II, P < 0.05). The expression, however, 
had no significant association with gender, age, 
cervical lymph node metastasis, and T-stage of 
tumor. Expression of nm23 was negatively cor-
related with clinical stage: lower rate of 
nm23expression was found in stage III/IV than 
in stage I/II (P < 0.05). The expression was also 
negatively correlated with lymph node metasta-
sis stage: lower rate of nm23 expression was 
found in N2/N3 than in N0/N1 (P < 0.01). 
Expression of nm23 had no significant associa-
tion with sex, age, and T-stage of tumor (Table 
1).

Prognosis of Ki67 and nm23 expressions

Higher rate of positive Ki67 was found in tis-
sues obtained from patients with distant 
metastasis, whereas lower rate of positive 
nm23 was found in these patients (P < 0.05). 
Patients with positive Ki67 had lower 5-year 
survival rate. In contrast, patients with positive 
nm23 had higher 5-year survival rate (P < 0.05) 
(Table 1). 

Correlation of Ki67 and nm23 expressions

We found the expression of Ki67 was negative-
ly correlated with expression of nm23 in NPC 
tissues (P < 0.05, Pearson correlation coeffi-
cient, r = 0.2632) (Table 2). 
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Ki67 and nm23 expression in relation to sur-
vival time of patients

A Kaplan-Meier analysis showed that survival 
time of patients with positive Ki67 (58.00± 
10.18 months) was shorter than patients with 
negative Ki67 (71.00±6.86 months) (P < 0.05, 
Figure 3A). On the other hand, survival time of 
patients with positive nm23 expression (83.00 
months) was longer than the patients with neg-
ative nm23 (52.00±10.25 months) (P < 0.05, 
Figure 3B). Since the expressions of Ki67 and 
nm23 were negatively correlated, we per-
formed a multivariate regression analysis to 
examine the association between the expres-
sion of the two proteins and survival time. We 
found patients with negative Ki67 and positive 

weak PGST areas and 10 strong PGST areas. 
These PGST regions are highly sensitive to pro-
tease and are easily degraded, which might 
explain the short half-life (1 hr or less) of Ki67 
[4]. Along the cell cycle process, Ki67 expres-
sion is minimal in late G1 and early S phase. It 
is accumulated and predominantly expressed 
in M phase, followed by rapid degradation and 
is absent in G0 phase [5]. These characteristics 
make Ki67 an excellent marker for cell 
proliferation. 

Studies have shown that high expression of 
Ki67 was associated with malignant properties 
of cancers, and was prognostic to tumor metas-
tasis [6, 7]. Gabusi et al. found 35% of NPC tis-
sues had positive Ki-67 [8]. In this study, we 

Table 1. Correlation of tumor Ki67 and nm23 expressions with clinico-
pathological parameters of patients with NPC
Clinicopathological 
Parameters Case

Positive Ki67 χ2 Positive nm23 χ2

Case Rate (%) Case Rate (%)
Gender
    Male 43 29 67.44 1.0840 20 46.51 0.4425
    Female 16 13 81.25 9 56.25
Age (years)
    < 48.4 32 24 75.00 0.4958 15 46.88 0.1451
    ≥ 48.4 27 18 66.67 14 51.58
Clinical stage
    I + II 24 13 54.17 5.7136a 16 66.67 4.9654a

    III + IV 35 29 82.86 13 37.14
T stage
    T1 + T2 33 23 69.70 0.0810 18 54.55 0.8714
    T3 + T4 26 19 73.08 11 42.31
N stage
    N0 + N1 37 25 67.57 0.6336 24 64.86 9.8016b

    N2 + N3 22 17 77.27 5 22.73
Distinct metastasis
    Present 28 24 85.71 5.4835a 9 32.14 6.1692a

    Absent 31 18 58.06 20 64.52
Survival (years)
    < 5 26 22 84.62 4.0870a 8 30.77 6.2856a

    ≥ 5 33 20 60.61 21 63.64
Remark: aP < 0.05; bP < 0.01.

Table 2. Correlation of Ki67 and nm23 expressions in NPC tissues
Protein expression nm23 χ2 value r value

Negative Positive
Ki67 Negative 5 12 4.3905 0.2632

Positive 25 17

nm23 had a median sur-
vival time of 70.00±5.51 
months, while patients 
with positive Ki67 and 
negative nm23 had a 
median survival time of 
43.00.00±7.62 months, 
the difference was statis-
tically significant (P < 
0.05, Figure 3C).

Discussion

Tumor markers could be 
used for identifying tumor 
types, and some may 
also indicate proliferative 
activity of tumors. Ki67 
gene, located on the long 
arm of chromosome 10 
(10q25), has two mRNA 
isoforms. It is highly 
expressed during mitosis 
and has been widely 
used as a cell-prolifera-
tion marker. Its cellular 
function, however, re- 
mains elusive. It has 
been suggested that 
Ki67 functions primarily 
in mitosis, and may also 
be involved in DNA syn-
thesis [3]. Ki67 protein 
composed of an amino 
acid sequence that is rich 
in proline, glutamic acid, 
serine, and threonine. 
They together form 40 
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found 71.19% of NPC tissues had positive 
Ki-67. The higher positive incidence rate 
observed here may attribute to the differences 
in clinical characteristics (e.g. clinical stage, 
cervical lymph node metastasis status) of 
patients enrolled in the two studies. 
Nevertheless, higher incident rate of positive 
Ki-67 was observed in NPC when compared to 
chronic nasopharyngitis, suggesting the ex- 
pression of Ki-67 reflect malignant transforma-
tion and proliferation activity in NPC. The mark-
er may be used for distinguishing malignant 
from benign tumors. 

There was no significant association between 
Ki67 expression and cervical lymph node 

metastasis or T-stages of tumor, indicating cell 
proliferation is an inherent characteristic of 
NPC and is not related to the size of the primary 
tumor and lymph node metastasis. Further 
analysis revealed that the rate of positive Ki-67 
was associated with clinical staging. This is in 
accordance with the findings from Zheng et al. 
[9]; they showed higher rate of positive Ki67 in 
Stage III/IV than in Stage I/II of patients with 
NPC. Some researches, however, believe that 
Ki-67 expression is not clinically relevant in 
squamous cell carcinoma of the head and neck 
[10]. In the present study, higher rate of posi-
tive Ki67 was found in patients with distant 
metastasis and in patients with lower 5-year 
survival rate. The positive expression of Ki-67 

Figure 3. A. The survival curves of NPC patients 
positive (+) and negative (-) for Ki67 expression. 
B. The survival curves of NPC patients positive 
(+) and negative (-) for nm23 expression. C. The 
survival curves of NPC patients with different ex-
pressions of Ki67 and nm23: Ki67+nm23+, Ki67-
nm23+, Ki67+nm23-, and Ki67-nm23-. 
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may indicate high invasiveness of the tumor 
that lead to the higher chance of having distant 
metastasis and shorter survival time.

The nm23 gene has been proposed as a metas-
tasis suppressor gene [11]. There are two 
homologous genes, nm23-H1 and nm23-H2, 
which encode the A and B subunits of nucleo-
side diphosphate kinase (NDPK). It has been 
proposed that NDPK play a role in microtubule 
assembly and G-protein signaling, which are 
essential in maintaining normal cell division 
and suppressing metastasis [12]. Liu et al. 
showed that expression of nm23 was negative-
ly correlated with distant metastasis and lymph 
node metastasis in breast cancer [13]. Krause 
et al. also demonstrated that nm23 expression 
was positively correlated to tumor differentia-
tion and negatively correlated to staging and 
lymph node metastasis in bladder cancer [14].
Our data showed that 49.15% of the NPC tis-
sues had positive expression of nm23, which is 
much lower that the expression in chronic 
inflammation of nasopharyngeal mucosa. The 
data suggested that nm23 had different 
expression levels between benign and malig-
nant lesions. Lesions with low expression of 
nm23 may have higher chance of malignant 
transformation. We found lower rate of positive 
nm23 expression in advanced clinical stage 
(III/IV) and advanced lymph node metastasis 
stage. The lower rate of positive nm23 was also 
observed in patients with no distant metasta-
sis, suggesting the suppressive role of nm23 in 
NPC metastasis.

The expressions of Ki-67 and nm23 were nega-
tively correlated. The Kaplan-Meier analysis 
showed that patients with negative expression 
of Ki-67 and positive expression of nm23 had 
longer survival time. It is unclear whether the 
two proteins are involved in the same of related 
molecular mechanisms. It is possible that the 
characteristics of malignant tumors are highly 
proliferative and prone to spread to other body 
parts; therefore, the expressions of the two pro-
teins appear associated. Further investigation 
will be needed to understand this pheno- 
menon. 

In conclusion, we revealed that expressions of 
Ki67 and nm23 were associated with the clini-
cal characteristics of NPC. Patients with high 
Ki67 and low nm23 expressions are likely to 
have metastatic malignant tumors and shorter 

survival time. With further investigations, they 
may be used as prognostic markers and also 
markers for predicting clinical characteristics 
of the NPC tumors.

Acknowledgements

This work was supported by the Key Basic 
Research of the Shanghai Committee of 
Science and Technology, China (12JC1411100).

Disclosure of conflict of interest

None.

Address correspondence to: Drs. Juntian Lang and 
Jingping Fan, Department of Otolaryngology-Head 
and Neck Surgery, Changzheng Hospital, Second 
Military Medical University, 415 Fengyang Road, 
Shanghai 200003, China. Tel: +86-21-81885961; 
Fax: +86-21-81885961; E-mail: wolfjt3610@hot-
mail.com (JTL); fanjingp@163.com (JPF)

References

[1] Guo Y, Fang FY. The progress on genetic stud-
ies of nasopharyngeal carcinoma. Chin J Can-
cer 1998; 17: 316-318.

[2] Chen CY, Han F, Zhao C, Lu LX, Sun Y, Liu XF, Lu 
TX. Treatment results and late complication of 
556 patients with locally advanced nasopha-
ryngeal carcinoma treated with radiotherapy 
alone. Br J Radial 2009; 82: 452-458.

[3] Bridger JM, Kill IR, Lichter P. Association of pKi-
67 with satellite DNA of the human genome in 
early G1 cells. Chromosom Res 1998; 6: 13-
24.

[4] Schluter C, Duchrow M, Wohlenberg C, et al. 
The cell proliferation-associated antigen of an-
tibody Ki67: a very large, ubiquitous nuclear 
protein with numerous repeated elements, 
representing a new kind of cell cycle maintain-
ing proteins. J Cell Biol 1993; 123: 513-522.

[5] Gerdes J, Li L, Schlueter C, Duchrow M, 
Wohlenberg C, Gerlach C, Stahmer I, Kloth S, 
Brandt E, Flad HD. Immunobiochemical and 
molecular biologic characterization of cell pro-
liferation-associated nuclear antigen that is 
defined by monoclonal antibody Ki67. Am J 
Pathol 1991; 138: 867-873.

[6] Endl E, Hollmann C, Gerdes J. Antibodies 
against the Ki6 7 protein: assessment of the 
growth fraction and tools for cell analysis. 
Methods Cell Biol 2000; 63: 399-418.

[7] Gurgel CA, Ramos EA, Azevedo RA, Sarmento 
VA, da Silva Carvalho AM, dos Santos JN. Ex-
pression of Ki-67, p53 and p63 proteins in 
keratocystodont ogenic tumours: an immuno-
histochemical study. J Mol Histol 2008; 39: 
311-316.

mailto:wolfjt3610@hotmail.com
mailto:wolfjt3610@hotmail.com


Ki67 and nm23 are potential prognostic markers 

6356 Int J Clin Exp Pathol 2016;9(6):6350-6356

[8] Gabusi E, Lattes C, Fiorentino M, D’Errico A, 
Grigioni WF. Expression of Epstein Barr virus-
encoded RNA and biological markers in Italian 
nasopharyngeal carcinomas. J Exp Clin Cancer 
Res 2001; 20: 371-376.

[9] Zheng X, Hu L, Chen F, Christensson B. Expres-
sion of Ki67 antigen, epidermal growth factor 
receptor and Epstein-Barr virus-encoded latent 
membrane protein (LMP1) nasopharyngeal 
carcinoma. Eur J Cancer B Oral Oncol 1994; 
30: 290-295.

[10] Roland NJ, Caslin AW, Bowie GL, Jones AS. Has 
the cellular proliferation marker Ki67 any clini-
cal relevance in squamous cell carcinoma of 
the head and neck. Clin Otolaryngol 1994; 19: 
13-18.

[11] Steeg PS, Bevilacqua G, Kopper L, Thorgeirs-
son UP, Talmadge JE, Liotta LA, Sobel ME. Evi-
dence for a novel gene associated with low tu-
mor metastatic potential. J Natl Cancer Inst 
1988; 80: 200-4.

[12] Subramanian C, Cotter MA, Robertson ES. Ep-
stein-Barr virus nuclear protein EBNA-3C inter-
acts with the human metastatic suppressor 
nm23-H1: a molecular link to cancer metasta-
sis. Nat Med 2001; 7: 350-5.

[13] Liu H, Mao H, Fu X. [Expression of nm23 in 
breast cancer: correlation with distant metas-
tasis and prognosis]. Zhonghua Zhong Liu Za 
Zhi 2001; 23: 224-7.

[14] Krause FS, Feil G, Bichler KH. Immunohisto-
chemical examinations (Ki67, p53, nm23) and 
DNA cytophotometry in bladder cancer. Anti-
cancer Res 2000; 20: 5023-8.


