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Abstract: Background and purpose: CD133, which is considered a useful biomarker for the prediction of metasta-
sis and prognosis for various cancers, is a biomarker of cancer stem cells (CSCs). Metastasis-associated in colon 
cancer 1 (MACC1) has been considered an oncogene that promotes invasion and metastasis in many solid tumors. 
KAI1 is a suppressor gene of metastasis and is also considered a valuable biomarker for the prediction of tumor 
invasion and metastasis. The purpose of this study is to investigate the expression of CD133, MACC1, and KAI1 in 
sebaceous gland carcinoma of the eyelid (SGCE) and to analyze their respective associations with clinicopathologic 
characteristics and survival in SGCE. Methods: Positive expression of CD133, MACC1, and KAI1 in 77 whole SGCE 
tissues and the corresponding normal tissues were detected by immunohistochemistry. Patient demographics, clini-
cal data, and follow-up data were collected. Results: The positive expression of CD133 and MACC1 was significantly 
higher and KAI1 significantly lower in SGCE tissues compared to the control tissues. The Positive expression of 
CD133 and MACC1 was positively associated with local invasion, lymph node metastasis (LNM), and TNM stages. 
KAI1 expression was inversely associated with tumor grade, local invasion, LNM, and TNM stages. A Kaplan-Meier 
survival analysis demonstrated that CD133+ or MACC1+ patients had a significantly lower overall survival (OS) time 
when compared with CD133- or MACC1- patients. And KAI1+ patients had a significantly longer OS time compared 
with KAI1- patients. Multivariate analysis showed that positive expression of CD133, MACC1, and KAI1, as well 
as the TNM stages were independent prognostic factors in SGCE patients. Conclusion: The expression of CD133, 
MACC1, and KAI1 should be considered promising biomarkers for invasion, metastasis, and prognosis, as well as 
potential therapeutic targets for SGCE.
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Introduction

Sebaceous gland carcinoma of the eyelid 
(SGCE), which is as common or even more com-
mon than eyelid basal cell carcinoma in China 
[1], is a highly malignant tumor. SGCE is capa-
ble of aggressive local invasion and metastasis 
to the regional lymph nodes [2]. Relapse and 
metastasis are the main reasons for initiating 
anti-cancer therapy. 

The cancer may be associated with a subpopu-
lation of tumor cells called cancer stem cells 
(CSCs) or tumor initiating cells (TICs). CSCs are 
characterized by their ability to self-renew and 
differentiate, and they are responsible for a 
natural resistance to cancer therapy (such as 
chemotherapy and radiotherapy) [3-6]. CSCs 

have been certified to play a pivotal role in 
SGCE progression and prognosis [7, 8]. CD133, 
which is the most common biomarker for CSCs, 
is a 120 kDa, five pentaspan membrane glyco-
protein. CD133 is identified as a biomarker of 
CSCs in various cancers including NSCLC, ovar-
ian cancer, cervical cancer, liver cancer, cholan-
giocarcinoma, and sebaceous gland cancer  
[3, 4, 6, 7, 9, 10]. Accumulating evidence has 
demonstrated that CD133 should be consid-
ered a valuable biomarker for the prediction of 
invasion, metastasis, and prognosis of many 
cancers.

Metastasis-associated in colon cancer 1 (MA- 
CC1) was originally found in the colon cancer 
cell line in 2009 [11]. MACC1 is a key transcrip-
tional factor of the mesenchymal-epithelial 
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transition (MET) gene and is bound to the pro-
moter of the MET gene to regulate the hepato-
cyte growth factor/MET signaling pathway [11, 
12]. MACC1 has been reported to be involved 
in various fundamental biological behaviors, 
such as proliferation, migration, invasion, me- 
tastasis, and chemotherapy resistance [13-
15]. Accumulating evidence has demonstrated 
that MACC1 plays an important role in promot-
ing tumor cells metastases.

KAI1, which is also called CD82, is an impor-
tant member of the tetraspanin family of pro-
teins located in human chromosome 11p11.2. 
KAI1 was first defined as a suppressor of 
metastasis in prostate cancer cells. This gene 
encodes 10 exons and 9 introns. It has been 
demonstrated that the KAI1 gene should be 
involved in a series of biological behaviors 
including mobility, migration, adhesion, fusion, 
and invasion [16-18]. Previous studies have 
also demonstrated that the aberrant expres-
sion of KAI1 is closely correlated with the pro-

gression of various human cancers. Accu- 
mulating studies have indicated that KAI1 
should also be considered a useful biomarker 
for the prediction of invasion, metastasis, and 
prognosis in many cancers, including colorec-
tal, laryngeal, nasopharyngeal, and prostate 
cancer, and gastric carcinoma [18-22].

The purpose of the current study is to evaluate 
the expression of CD133, MACC1, and KAI1 in 
the SGCE tissues of patients and their associa-
tions between clinicopathologic characteristics 
and the prognosis of patients with SGCE. 
Immunohistochemistry was used to detect the 
expressions of CD133, MACC1, and KAI1 in 
SGCE tissues and the corresponding adjacent 
normal tissues of patients with SGCE.

Methods

Patients and tissue specimens

We recruited 77 patients (median age: 68.4 
years, range: 56-77 years) with SGCE diag-
nosed at the Department of Pathology at our 
hospital from January 2011 to December 2012. 
Patients who had had any anti-cancer therapy 
were excluded. The study was performed in 
accordance with the Declaration of Helsinki 
guidelines and authorized by the Bengbu 
Medical College ethics committee. Patient data 
(such as demographics, clinicopathologic char-
acteristics, and follow-up) were also collected. 
Overall survival (OS) time was calculated from 
the surgery date to the death date or to 
December 2017 (mean OS: 45.6 months; 
range: 11-71 months). TNM stages were 
assessed according to the 8th edition of the 
guidelines issued by the American Joint 
Committee on Cancer (AJCC). Tumor grades 
were assessed according to the standards 
issued by the World Health Organization (WHO). 
The patient data are shown in Table 1.

Immunohistochemistry

The SGCE and control tissues were fixed in 10% 
buffered formation solution and embedded in 
paraffin. Then they were cut into 4-μm-thick 
slices. Immunohistochemical staining was per-
formed using the ElivisionTM Plus method. All 
the slices were deparaffinized using xylene and 
dehydrated using alcohol. Then a routine H2O2 
solution was used for quenching the endoge-
nous peroxidase activity. The antigen was 

Table 1. Patients characteristics

Patients characteristics Frequency 
(n)

Percentage 
(%)

Gender
    Male 22 28.6
    Female 55 71.4
Ages
    < 60 11 14.3
    ≥ 60 66 85.7
Size
    < 2.0 cm 63 81.8
    ≥ 2.0 cm 14 18.2
Location
    Up 45 58.4
    Down 32 41.6
Grade
    Low 50 64.9
    High 27 35.1
Invasion
    No 60 77.9
    Yes 17 22.1
Lymph node metastasis
    No 62 80.5
    Yes 15 19.5
TNM stage
    I and II 57 74.0
    III and IV 20 26.0
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repaired using a citrate buffer. Then all the tis-
sues were blocked with goat serum. CD133 
(mouse monoclonal antibody, Abcam, US), 
MACC1 (rabbit polyclonal antibody, Santa Cruz 
Biotechnology, US), and KAI1 (mouse monoclo-
nal antibody, Abcam, US) primary antibodies 
were added, then all slices were incubated 
overnight at 4°C. The enhancers (reagent A and 
reagent B) were added and then all the slices 
were developed in a diaminobenzidine (DAB) 
solution. Lastly, all the slices were re-dyed with 
hematoxylin, dehydrated, and mounted with 
gum. 

Evaluation of the immunohistochemical stain-
ing

We randomly selected ten high-power-field 
(HPF) fields of each SGCE slice to avoid the 
intra-tumoral heterogeneity of any marker 
expression. According to the percentage of pos-
itive cells and the positive staining intensity, 
the staining results were multiplied using per-
centage and intensity scores (The percentage 
scores were recorded as follows: > 11% as 1, 
11%-50% as 2, 51%-75% as 3, and > 75% as 4. 
The intensity scores were recorded as follows: 
no staining as 0, weak staining as 1, moderate 
staining as 2, and strong staining as 3) which 
ranged from 0-12. The expression of CD133 

and KAI1 was considered positive when the 
final scores were > 2.

Statistical analysis

SPSS 19.0 software was used for analyzing all 
the data. For the countable data, we used a 
Chi-square test for the comparisons between 
the two groups. Univariate OS time analysis 
was conducted using the Kaplan-Meier method 
with a log-rank test. A multivariate OS time 
analysis was conducted using the COX regres-
sion model test. P < 0.05 was defined as indic-
ative of statistically significant differences.

Results

Associations between the expressions of 
CD133, MACC1, and KAI1 in the SGCE tissues 
of patients and their clinicopathologic charac-
teristics

As shown in Figure 1A and 1B, the CD133-
positive expression was mainly located in the 
cytoplasms and membranes. The positive rate 
of CD133 expression in the SGCE samples 
(41.6%, 32/77) was significantly higher than it 
was in the control samples (9.1%, 7/77; P < 
0.001). The positive rate of CD133 expression 
in SGCE was positively associated with gender, 

Figure 1. Immunostaining for CD133, MACC1, and KAI1 in sebaceous gland carcinoma of the eyelid and the con-
trol tissue. A. Negative CD133 in the control tissue (100 × magnification); B. Positive CD133 in the cytoplasm and 
membrane of SGCE tissue (400 × magnification); C. Negative MACC1 in the control tissues (100 × magnification); 
D. Positive MACC1 in the cytoplasms of SGCE tissue (400 × magnification); E. Positive KAI1 in the cytoplasms and 
membranes of the control tissue (400 × magnification); F. Negative KAI1 in the SGCE tissue (400 × magnification).
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tumor size, tumor site, invasion, LNM, and TNM 
stages (Table 2).

As shown in Figure 1C and 1D, the MACC1-
positive expression was mainly located in the 
cytoplasm. The positive rate of MACC1 expres-

for the KAI1- patients (40.2 ± 13.3 months; log-
rank = 14.387, P < 0.001).

A multivariate Cox regression analysis indicat-
ed that a positive expression of CD133, MACC1, 
and KAI1, as well as TNM stages, are indepen-

Table 2. The associations between expression of 
CD133, or MACC1, or KAI1 and clinicopathological 
characteristics of sebaceous gland carcinoma of eyelid 
(SGCE)

Variables
CD133 

P
MACC1

P
KAI1

P
- + - + - +

Gender 0.007 0.999 0.428
    Male 7 15 8 14 13 9
    Female 33 22 20 35 27 28
Ages 0.196 0.014 0.642
    < 60 8 3 8 3 5 6
    ≥ 60 32 34 20 46 35 31
Size 0.017 0.013 0.038
    < 2.0 cm 37 26 27 36 29 34
    ≥ 2.0 cm 3 11 1 13 11 3
Location 0.013 0.861 0.452
    Up 18 27 16 29 25 20
    Down 22 10 12 20 15 17
Grade 0.148 0.367 0.004
    Low 29 21 20 30 20 30
    High 11 16 8 19 20 7
Invasion 0.002 0.003 0.022
    No 37 24 27 33 27 33
    Yes 3 13 1 16 13 4
LNM 0.043 0.007 0.021
    No 36 26 27 35 28 34
    Yes 4 11 1 14 12 3
TNM stage 0.001 0.030 0.004
    I and II 36 21 25 32 24 33
    III and IV 4 16 3 17 16 4

sion in the SGCE tissues (63.6%, 49/77) 
was significantly higher than it was in  
the control samples (7.8%, 6/77). The 
positive rate of MACC1 expression in 
SGCE was positively associated with the 
patients’ age, tumor size, invasion, LNM, 
and TNM stages (Table 2).

As shown in Figure 1E and 1F, the KAI1-
positive expression was mainly located in 
the membranes and cytoplasms. Unlike 
CD133 and MACC1, the positive rate of 
KAI1 expression in the SGCE tissues 
(48.1%, 37/77) was significantly lower 
than it was in the control tissues (92.2%, 
71/77; P < 0.001). Furthermore, the posi-
tive rate of KAI1 expression was negative-
ly associated with tumor size, tumor 
grades, invasions, LNM, and TNM stages 
(Table 2).

Associations among CD133, MACC1, and 
KAI1 in SGCE

There was a negative association be- 
tween KAI1 expression and CD133, or 
MACC1 expression (r = -0.249, P = 0.029; 
r = -0.246, P = 0.031, respectively). There 
was a positive association between 
CD133 expression and MACC1 expres-
sion (r = 0.241, P = 0.035) (Table 3).

Survival analysis

As shown in Figure 2A, a Kaplan-Meier 
survival analysis showed that the overall 
survival (OS) time of the CD133+ patients 
(38.1 ± 13.1 months) with SGCE was sig-
nificantly shorter than it was for the 
CD133- patients (52.6 ± 11.3 months; 
log-rank = 28.530, P < 0.001). Similar to 
CD133, the OS time of the MACC1+ 
patients (41.5 ± 13.3 months) with SGCE 
was significantly shorter than it was for 
the MACC1- patients (52.9 ± 12.6 months; 
log-rank = 13.828, P < 0.001; Figure 2B). 
As shown in Figure 2C, the OS time of the 
KAI1+ patients (51.5 ± 12.7 months) with 
SGCE was significantly longer than it was 

Table 3. Correlation among expression of CD133, 
MACC1, and KAI1 in SGCE

Variable
CD133

r P
KAI1

r P
- + - +

CD133 -0.301 0.008*

    - 15 25
    + 25 12
MACC1 0.295 0.009@ -0.246 0.031*

    - 20 8 10 18
    + 20 29 30 19
*: negative association; @: positive association.
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dent prognostic factors for patients with SGCE 
(Table 4).

Discussion

SGCE, which is able to infiltrate local tissues as 
well as metastasize to regional lymph nodes, is 

ated with the grade of differentiation, tumor 
invasion, LNM, and TNM stages. A Kaplan-
Meier survival analysis indicated that THE OS 
time of CD133+ patients with SGCE was signifi-
cantly shorter when compared with CD133- 
patients. These results demonstrated that 
CD133 should be considered a valuable bio-

Figure 2. A Kaplan-Meier analysis curve of the 
survival rate of patients with SGCE. The y-axis 
means the percentage of patients; the x-axis 
means their survival in months. (A) OS analysis 
of all patients in relation to CD133 (log-rank = 
28.530, P < 0.001); (B) OS analysis of all pa-
tients in relation to MACC1 expression (log-rank = 
13.828, P < 0.001); (C) OS analysis of all patients 
in relation to KAI1 expression (log-rank = 14.387, 
P < 0.001). In the (A-C) analyses, the green line 
represents patients with positive CD133, or 
MACC1, or KAI1; the blue line represents the neg-
ative CD133, or MACC1, or KAI1 group.

Table 4. Results of multivariate analyses of overall 
survival (OS) time
Covariate B SE P HR 95% CI
CD133 1.050 0.342 0.002 2.859 1.461-5.592
MACC1 0.819 0.341 0.016 2.269 1.163-4.424
KAI1 -0.611 0.285 0.032 0.543 0.310-0.950
TNM stages 1.794 0.657 0.006 6.015 1.660-21.796

a highly malignant tumor. Because of the 
high heterogeneity of SGCE, it is difficult to 
completely assess the biomarker value and 
effectiveness. Previous studies have shown 
that CSCs can promote tumor cell prolifera-
tion, invasiveness, metastasis, and are 
responsible for resistance to anti-cancer 
therapy. In our study, we found that CD133+ 
expression in SGCE was positively associ-
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marker for the prediction of invasion and 
metastasis, which is consistent with previous 
studies [3, 4, 6-10, 23].

It has been demonstrated that MACC1 not only 
promotes tumor cell proliferation, migration, 
invasion, and metastasis in vitro, but also in 
vivo [11, 13, 14]. The findings of this study 
showed that a positive expression of MACC1 in 
SGCE was positively associated with tumor 
invasion, LNM, and TNM stages. Survival analy-
sis indicated that the OS time of MACC1+ 
patients was significantly shorter when com-
pared with MACC1- patients. Several previous 
studies have investigated the invasive and met-
astatic significance of MACC1 and reached 
similar results [11, 13, 14, 24]. These results 
demonstrated that MACC1 should be a valu-
able biomarker for the prediction of invasive-
ness and the metastasis of SGCE as well as for 
predicting prognosis.

The inactivation of tumor suppressor genes is 
an important event in tumor invasiveness and 
metastasis. KAI1 is widely considered a sup-
pressor gene and also a metastatic suppressor 
gene in various human cancers [16-18, 20]. 
Previous studies have demonstrated that KAI1 
should inhibit tumor cell proliferation, motility, 
migration, and metastasis. In this study, we 
found that KAI1+ expression was negatively 
associated with the grade of differentiation, 
tumor invasion, LNM, and TNM stages. A sur-
vival analysis demonstrated that the OS time of 
KAI1+ patients was significantly longer when 
compared with KAI1- patients. Our results indi-
cated that KAI1 should be considered a useful 
predictor for the invasiveness and metastasis 
of SGCE, even for prognosis [17-22].

Metastasis and relapse are the most common 
causes of treatment failure in SGCE. Therefore, 
it is urgent to find valuable and effective bio-
markers to predict the invasiveness and metas-
tasis of the disease. In our study, a multivariate 
regression model analysis demonstrated that  
a positive expression of CD133, MACC1, and 
KAI1, as well as TNM stages, were independent 
prognostic factors for patients with SGCE. 
Furthermore, our results also demonstrated 
that CD133, MACC1, and KAI1 were associated 
with the invasion, metastasis, and prognosis of 
SGCE. CSCs may induce the initiation of SGCE, 
and also promote the proliferation, invasion, 
and metastasis of SGCE cells. CSCs also induc-

es the epithelial-mesenchymal transition (EMT) 
to promote tumor cell invasion and metastasis. 
The aberrant expression of CD133 is helpful for 
SGCE progression and metastasis. At the same 
time, the overexpression of MACC1 can pro-
mote tumor cells EMT through the HGF/MET 
signaling pathway [18, 25]. The inactivation or 
loss of expression of KAI1 should further pro-
mote cancer cell invasion and metastasis 
[17-22].

Conclusions

This study found that a positive expression of 
CD133, MACC1, and KAI1 are associated with 
the duration of OS time among patients with 
SGCE. Thus, CD133, MACC1, and KAI1 should 
be considered valuable and effective biomark-
ers in SGCE and may be beneficial for the prog-
nosis of SGCE.
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