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Kank1 and Ki67 expression are associated with poor 
prognosis in human pulmonary adenocarcinoma
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Abstract: KN motif and ankyrin repeat domains 1 (Kank1) and ki67 are associated with tumorigenesis and progres-
sion. This paper researched the expression of Kank1 and Ki67 and their clinicopathologic significance in pulmonary 
adenocarcinoma (PA). We monitored the expression of KanK1 and ki67 in 94 cases of human PA and 31 cases of 
paracancerous tissue by the immunohistochemical method. The results showed that Kank1 protein was detected in 
74.2% (41/94) of PA tissues, and they were associated with differentiation (P = 0.025) and lymphatic metastasis (P 
= 0.002). Kaplan-Meier analysis suggested that patients with low Kank1 expression had shorter overall survival in 
PA (P = 0.020). Ki67 protein was detected in 79.8% (75/94) of PA tissues, and they were associated with differentia-
tion (P < 0.001), TNM classification (P = 0.007), and lymphatic metastasis (P = 0.044). Furthermore, Kaplan-Meier 
analysis showed that patients with overexpression of Ki67 had shorter overall survival (P = 0.014). Cox multivariate 
analysis showed that tumor differentiation, TNM classification, lymphatic metastasis, Kank1, and ki67 expression 
were independent factors for prognosis of PA (P = 0.012, 0.016, 0.007, 0.021 and P = 0.003 respectively). In con-
clusion, compared with paracancerous tissues, Kank1 had low expression, while Ki67 was overexpressed in PA. 
They are closely related to its occurrence and development, and the prognosis of patients with low expression of 
Kank1 or overexpression of ki67 was poor in PA. Kank1 and Ki67 can be helpful for diagnosing and detecting the 
prognosis of patients with PA.
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Introduction

Lung cancer is one of the most common malig-
nant tumors in the respiratory system and is 
the main cause of cancer-related death in 
China [1]. The incidence of adenocarcinoma is 
increasing year by year, and itis also the most 
prevalent subtype. The high death rate of this 
cancer is due to the fact that many patients 
have been diagnosed with advanced stage of 
cancer, which has metastasized so they lost 
the opportunity of operation [3, 4]. Only pallia-
tive treatment can be chosen. According to the 
study, the 5-year survival rate of patients with 
its advanced stages is only 10-15% [5]. 
Therefore, we are in need of finding new and 
convenient tumor detection indicators, improv-
ing the detection of early lung cancer in the cur-

able stage, thus reducing the death rate of 
patients, and prolonging their lives.

In recent years, the role of KANK1 in the occur-
rence and development of malignant tumors 
has claimed the attention of many scholars. 
Kank1 gene is a member of the kank family, 
also known as ANKRD15, which is located on 
chromosome 9p24 [6-8]. 

It contains the central coiled-coil domains, 
N-terminal KN motif, and the C-terminal ankyrin 
(ANK) repeat domains [8, 9]. It is a new candi-
date tumor suppressor gene found in renal cell 
carcinoma [9, 10]. The deletion or mutation of 
tumor suppressor gene is one of the factors 
leading to abnormal gene expression and func-
tional inactivation. Kank1 has been reported to 
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be absent in many tumor diseases, such as 
human breast cancer, nasopharyngeal carci-
noma, oral squamous cell carcinoma, and gas-
tric cancer cells [9-12].

Ki67 is an important tumor proliferation mark-
er, which is overexpressed in the cell prolifera-
tion cycle (G1, S, G2 and M), but has rare 
expression in resting G0 cells [13, 14]. 
Prognosis in patients with high expression of 
Ki67 was worse than that of patients with low 
expression [15-17].

Kank1 protein is rarely studied in lung cancer, 
and its specific mechanism is still unknown. In 
this study, the expression of Kank1 and Ki67 
were detected by immunohistochemistry in 
lung cancer tissue, and the relationship 
between them and their clinicopathological fea-
tures were analyzed, so as to provide the basis 
for the discovery of markers conducive to the 
diagnosis of lung cancer.

Materials and methods

Materials

From October 2014 to October 2019, 94 paraf-
fin specimens of lung cancer and 31 paracan-
cerous tissue specimens were surgically 
removed in the First Affiliated Hospital of 
Soochow University. They were confirmed to be 
pulmonary adenocarcinoma by two patholo-
gists. The average age of the patients was 64.9 
years old, ranging from 48-83 years old. TNM 
classification system was implemented by 
American Joint Committee on Cancer (AJCC) in 
2010, and all patients with PA did not receive 
chemotherapy or radiotherapy before operation 
[18]. All patients with lung adenocarcinoma 
were followed by telephone for 3-60 months.

Immunohistochemical analysis

This was similar to previous papers [19]. In 
short, all specimens were sliced and then 
baked at 68°C for 20 minutes. Specimens  
were dewaxed with xylene, and dehydrated  
with alcohol. They were treated with 3% H2O2 
for 10 minutes, and washed with phosphate 
buffer saline (PBS) 3 times for 15 min. Then 
they were soaked in citric acid buffer and boil 
(95°C, 15-20 min). Sheep serum working solu-
tion was used to block antigens and incubated 
at 37°C for 10 min. Then Rabbit anti human 
Kank1 antibody (1:150, Santa Cruz Biotech- 

nology, Inc; Santa Cruz, CA, USA) or Ki67 anti-
body (1:100, Maixin Biotechnology Co. Ltd; 
Fuzhou, China) was used to incubate in refrig-
erator at 4°C overnight and washed with PBS 3 
times for 15 min (PBS buffer was used to 
replace the first antibody as negative control). 
Then we added the secondary antibody. The 
samples were incubated with streptavidin 
horseradish peroxidase, incubated at 37°C  
for 30 min. DAB was used for visualization, and 
washed with water fully, then stained with 
hematoxylin again. Specimens were washed to 
colorless.

Evaluation of Kank1 and Ki67 staining

This was the classification standard of staining 
intensity: 0 (no staining), 1 (light staining), 2 
(moderate staining), 3 (heavy staining). This 
was the grading standard for the staining area: 
0 (No staining), 1 (< 30% tumor cells were 
stained), 2 (30~60% tumor cells were stained), 
3 (> 60% tumor cells were stained). The expres-
sion of kank1 and Ki67 was evaluated by the 
product of the proportional score and intensity 
score. When the score was less than 3, the 
expression was defined as negative (-, low 
expression) and when the score was 3-6, the 
expression was defined as positive (+, overex-
pression) [11].

Statistical analysis

Version 16.0 of SPSS was used to statistical 
analysis. Classified variables were analysis by 
Chi square test. The survival data were deter-
mined by Kaplan Meier method. Graphpad 
prism version 6.01 was used for survival 
curves. Cox proportional hazard model was 
used to multivariate analysis. When P < 0.05, a 
difference was considered significant.

Results

Expression of Kank1 and Ki67

Kank1 had mainly cytoplasmic staining, with 
yellow granules in the cytoplasm of PA (Figure 
1A). Ki67 had mainly nuclear staining, with yel-
low granules in the nucleus (Figure 1C). Positive 
expression rate of Kank1 was 43.6% in PA, 
which was clearly lower than that in paracan-
cerous tissues (56.4%), P = 0.003, (Table 1). 
Negative expression of Kank1 was obviously 
relevant to PA lymphatic metastasis and differ-
entiation (P = 0.002 and P = 0.025, respective-
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Figure 1. Kank1 had positive expression in pulmonary adenocarcinoma tissues manifested by brown granules in 
the cytoplasm (200×) (A). Kank1 was not expressed in pulmonary adenocarcinoma tissues and the cells were not 
stained (200×) (B). Ki67 had positive expression in pulmonary adenocarcinoma tissues and there were brown gran-
ules in the nuclei (200×) (C). Ki67 was not expressed in PA (200×) (D). 

ly). However, Kank1 expression had a link with 
sex, tumor size, age, and TNM classification (P 
= 0.628, P = 0.147, P = 0.543 and P = 0.076, 
respectively), as shown in Table 2. The positive 
expression rate of Ki67 was 79.8% in human 
PA that was clearly higher than that in paracan-
cerous tissues (16.1%), P < 0.001, (Table 1). 
The positive expression of Ki67 was relevant to 
PA differentiation, TNM classification, and lym-
phatic metastasis (P < 0.001, P = 0.007 and P 
= 0.044, respectively). However, Ki67 expres-
sion was not correlated with sex, tumor size, 
and age (P = 0.424, P = 0.867 and P = 0.0573, 
respectively), as was shown in Table 2. 

Expression of Kank1 and ki67 correlate with 
survival 

Kank1 negative patients’ overall survival rate 
was significantly lower than that of positive 
patients (P = 0.020, log-rank test), (Figure 2A). 

The overall survival rate of patients with posi-
tive Ki67 expression was significantly lower 
than that of patients with negative Ki67 expres-
sion (P = 0.014, log-rank test), as was shown in 
Figure 2B). Cox multivariate analysis suggested 
that PA differentiation, TNM classification, and 
lymphatic metastasis, Kank1, and Ki67 expres-
sion were independent factors for prognosis (P 
= 0.012, P = 0.016, P = 0.007, P = 0.021 and P 
= 0.003 respectively), as shown in Table 3. 

Correlations between Kank1 and ki67 expres-
sion

The expression of Kank1 was negatively corre-
lated with that of ki67 in PA (r = -0.465, P < 
0.001), Table 4.

Discussion

Previous studies had shown that Kank1 expres-
sion was absent or downregulated in a variety 
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Table 1. Expression of Kank1a and Ki67 in PA and paracancerous tissue

Related Factor
Pulmonary adenocarcinoma tissue paracancerous tissue

P Value
Negative (-) Positive (+) Negative (-) Positive (+)

Kank1 53 (56.4) 41 (43.6) 8 (25.8) 23 (74.2) 0.003
Ki67 19 (20.2) 75 (79.8)  26 (83.9) 5 (16.1) < 0.001
aKN motif and ankyrin repeat domains 1.

of tumor types [9-12]. It contributes to the 
occurrence and development of tumor by sev-
eral ways. First, by interacting with 14-3-3 pro-
tein, a downstream molecule of PI3K-Akt sig-
naling pathway, Kank1 could inhibit the 
activation of RhoA, thus inhibiting actin polym-
erization and cell migration [20, 21]. Second, 
the apoptosis of human glioma cells was 
induced by the Kank1 gene through mitochon-
drial pathway, and the cell cycle was blocked in 
the G0/G1 phase [22]. Third, Fan’s study found 
that Kank1 could inhibit the proliferation of 
tumor cells by regulating Yap to induce apopto-
sis [11]. In addition, Kank1 induces apoptosis 
of human peripheral nerve sheath malignant 
tumor cells by regulating CXXC5 [23].

In the study, compared with paracancerous tis-
sue, the positive rate of Kank1 was significantly 

lower in PA tissue (P = 0.003). The worse the 
degree of PA differentiation, the lower of Kank1 
expression. Compared with the group without 
lymphatic metastasis, its positive rate of lym-
phatic metastasis group was significantly lower. 
It suggested that the absence of Kank1 had an 
effect on the tumor occurrence and develop-
ment, and could be used for the auxiliary diag-
nosis of PA.

The overall survival time of Kank1 negative 
patients was significantly longer than that of 
positive patients [9, 11]. Cox multivariate analy-
sis indicated that its negative expression was 
an independent risk factor for PA prognosis. 
Our study also suggested that the prognosis of 
patients who were negative for it was poor. 
These results indicated that Kank1 protein was 
a good prognostic marker for PA. 

Table 2. Analysis of Kank1a and Ki67 positive expression and related factors

Related Factor n
Kank1 expression

P Value
Ki67 expression

P Value
Negative (-) Positive (+) Negative (-) Positive (+)

Sex
    Male 37 22 (59.5) 15 (40.5) 0.628 9 (24.3) 28 (75.7) 0.424

    Female 57 31 (54.4) 26 (45.6) 10 (17.5) 47 (82.5)

Tumor size (cm)
    < 3 38 18 (47.4) 20 (52.6) 0.147 8 (21.1) 30 (78.9) 0.867

    ≥ 3 56 35 (62.5) 21 (37.5) 11 (19.6) 45 (80.4)

Age (years)
    ≥ 60 54 29 (53.7) 25 (46.3) 0.543 12 (22.2) 42 (77.8) 0.573
    < 60 40 24 (60.0) 16 (40.0) 7 (17.5) 33 (82.5)
Differentiation
    Well 32 13 (40.6) 19 (59.4) 0.025 15 (46.9) 17 (53.1) < 0.001
    Poor + moderate 62 40 (64.5) 22 (35.5) 4 (6.5) 58 (93.5)
TNM classification
    I-II 43 20 (46.5) 23 (53.5) 0.076 14 (32.6) 29 (67.4) 0.007
    III-IV 51 33 (64.7) 18 (35.3) 5 (9.8) 46 (90.2)
Lymphatic metastasis
    yes 49 35 (71.4) 14 (28.6) 0.002 6 (12.2) 43 (87.8) 0.044
    no 45 18 (40.0) 27 (60.0) 13 (28.9) 32 (71.1)
aKN motif and ankyrin repeat domains 1.
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Table 3. Cox analyses of different clinicopathologic variables and Kank1a and Ki67 expression in 
pulmonary adenocarcinoma tissues
Variable Hazard Ratio 95% Hazard Ratio Confidence Limits p value
Sex (Male vs. Female) 1.056 0.565 2.217 0.735
Tumor size (< 3 vs. ≥ 3) 1.852 0.763 3.241 0.196
Age (≥ 65 vs. < 65) 1.028 0.627 2.194 0.861
Differentiation (well vs. poor + moderate) 2.458 1.143 6.325 0.012
TNM classification (I-II vs. III-IV) 4.175 1.668 11.341 0.016
Lymphatic metastasis (no vs. yes) 3.856 1.645 7.359 0.007
Kank1 (positive vs. negative) 0.274 0.063 0.874 0.021
Ki67 (positive vs. negative) 4.126 1.352 11.419 0.003
aKN motif and ankyrin repeat domains 1.

Many scholars have found that up-regulation of 
Kank1 gene can inhibit the proliferation of 
tumor cells. With down-regulation of its expres-
sion, the result is opposite [11, 22]. This sug-
gested that it might be a target for PA gene 
therapy.

Ki67 is up-regulated in tumors, and the overall 
survival time of patients with positive expres-
sion of Ki67 is shorter than that of patients 
with negative expression [15-17]. 

Compared with paracancerous tissues, the 
positive rate of Ki67 was much higher in PA tis-
sue (P < 0.001). Compared with the group with-
out lymphatic metastasis, its positive rate of 
lymphatic metastasis group was also (signifi-
cantly) higher. It correlated with the stage by 
TNM classification. The worse the degree of PA 
differentiation, the higher of the Kank1 expres-
sion. This suggested that the ki67 was associ-
ated with tumor occurrence and development, 
and could be used for the auxiliary diagnosis of 

Figure 2. Kaplan-Meier survival curves of pulmonary adenocarcinoma patients according to Kank1 expression (A) 
or Ki67 expression (B). 

Table 4. Correlations between Kank1a and Ki67 expression in pulmonary adenocarcinoma tissues

Ki67
Kank1

Contingency coefficien (r) χ2 P 
+ -

+ 24 51 -0.465 20.362 < 0.001 
- 17 2
aKN motif and ankyrin repeat domains 1.
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PA. Our follow-up results also showed that 
patients who had positive expression had a 
poor prognosis. Cox multivariate analysis also 
suggested that its positive expression was an 
independent risk factor for prognosis of PA. It 
also showed that Kank1 was down regulated 
while Ki67 was up regulated, and they were 
inversely correlated in PA. This is similar to 
Fan’s study that Kank1 had a regulatory effect 
on Ki67 [11]. 

However, there are some limitations in this 
study. The sample size was too small, and the 
research results may be biased. In the future, 
we will expand the sample size, conduct  
multi-center research, and further clarify the 
correlation.

Conclusion

Compared with the paracancerous tissues, 
Kank1 had low expression, while Ki67 was 
overexpressed in PA. They were closely related 
to its occurrence and development. The prog-
nosis of patients with low expression of Kank1 
or overexpression of ki67 was poor in PA. 
Kank1 and Ki67 can be used to assist in the 
diagnosis and detect the prognosis of patients 
with PA.
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