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ABSTRACT
Basigin (BSG), or cluster of differentiation 147 (CD147), 

is a membrane protein encoded by BSG. CD147 can induce 
extracellular matrix (ECM) metalloproteinase (MMP) 
secretion and is involved in the pathogeneses of cancer, 
immune disorders, inflammation, and atherosclerosis. 
Diabetes mellitus (DM) is considered a chronic inflammatory 
disease worldwide. This study investigated the correlation 
between CD147 and cancer morbidity in patients with 
DM and assessed whether CD147 can be used to predict 
mortality in these patients. A total of 131 patients with 
DM and 172 healthy controls were enrolled between 
2004 and 2007 at Changhua Christian Hospital, Taiwan. 
Plasma CD147, cyclophilin A (CyPA), MMP-2, and MMP-
9 levels were measured at the time of recruitment. We 
followed-up patients via their medical records until 2017 
to determine mortality and cancer morbidity. The plasma 
CD147 level was significantly higher in the patients 
with DM than in the healthy controls (2,590 ± 499 pg/
mL vs. 3,755 ± 1,218 pg/mL, p = 0.001). The estimated 
glomerular filtration rate (eGFR) was higher in the 
healthy controls than in the patients with DM (80.92 ± 
20.74 mL/min/1.73 m2 vs. 61.92 ± 18.74 mL/min/1.73 m2, 
p = 0.001). The mortality and cancer morbidity in the 
patients with DM were 35% and 16%, respectively, which 
were higher than those in the healthy controls after the 
10-year follow-up period. The plasma CD147 level was 
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higher in the deceased group than in 
the living group (4,131 ± 1,281 pg/mL vs. 
3,581 ± 1,162 pg/mL, p = 0.001) after 10 
years. CD147 is an extracellular MMP 
inducer. The plasma CD147 level might 
serve as a biomarker to predict mortality 
in patients with DM.

Introduction
Diabetes mellitus (DM) has been the fifth leading 

cause of death in Taiwan since 2014. According to 
a World Health Organization report published in 
2017, 422 million people are estimated to have DM 
globally. The International Diabetes Federation has 
estimated that the current global medical cost of DM 
is approximately NTD22 trillion, which accounts for 
12% of the global medical expenditure; this cost is 
expected to reach NTD27 trillion by 2040. Similarly, 
cancer has caused the highest number of deaths for 
35 consecutive years, and more than 50% of patients 
with cancer have DM [1]. 

Basigin (BSG), or cluster of differentiation 147 
(CD147), is a membrane glycoprotein. CD147 is also a 
receptor of cyclophilins (CyPs); thus, CyPs can stimulate 
an increase in the expression level of CD147, promote 
cell death through the extracellular signal-regulated 
kinase/aurora-related kinase (ERK/ARK) pathway, 
and induce apoptosis [2]. Furthermore, CD147 can 
stimulate matrix metalloproteinase (MMP) secretion in 
tumor cells. In a previous study, CD147 overexpression 
was observed in 112 of 129 tumor entities with a high 
incidence; the incidence of CD147 overexpression 
was 60–100% in squamous cell carcinomas, 87% in 
pancreatic cancers, 83% in chromophobic kidneys, 83% 
in hepatocellular carcinomas, 83% in medullary breast 
cancers, and 79% in glioblastoma multiforme [3]. Xiao 
et al. [4] showed that CD147 overexpression resulted in 
poor outcomes in patients with hepatocellular carcinoma 
and may be correlated with tumor cell migration. 

Recent literature has reported that patients 
with DM have a higher risk of cancer than healthy 
individuals, and recent evidence suggested that 
particular attention should be paid to the high 

cancer risk in Asian DM patients [5]. Therefore, it 
is necessary to clarify the causes of the high cancer 
risk in Asian diabetics. Chen et al. [5] reported that 
patients with DM have a mortality rate of 26%, and 
50% of patients with new-onset pancreatic cancer 
have DM [6]; these data were collected from 19 
prospective population-based studies on Asian cohorts 
with follow-up durations of 21 years [5]. In addition, 
patients with new-onset DM have a nearly 8-fold 
higher pancreatic cancer risk than healthy controls [7]. 
Patients with DM have a high risk of cancer, and this 
is a crucial public health problem worldwide. MMPs 
are modulators of the tumor microenvironment and 
tumor cell migration; CD147 is an inducer of MMPs 
and is secreted from tumor cells, and high glycaemia 
then promotes cyclophilin A (CyPA) secretion from 
cells and up-regulation of CD147 expression. 

This study investigated the correlation between 
the plasma CD147 level and cancer morbidity in 
patients with DM. In addition, the success of CD147 
as a predictor of mortality was evaluated. 

Methods 

Study participants
We enrolled 161 patients with DM and 172 

healthy controls between 2004 and 2007 at Changhua 
Christian Hospital, Taiwan. All participants agreed to 
participate in the study and provided informed consent 
before enrollment. The protocol was approved by the 
Institutional Review Board of Changhua Christian 
Hospital. Patients with infectious diseases, liver cirrhosis, 
incurable malignancies, and autoimmune diseases were 
excluded from the DM group. The inclusion criteria 
for patients with DM were a diagnosis of type 2 DM 
and stable blood glucose control for at least 12 months. 
Finally, 135 DM subjects and 172 healthy subjects were 
included in this study. The healthy control group was 
recruited after a health examination. Individuals with 
chronic systemic diseases, cardiovascular diseases, 
alcoholism, hyperlipidemia, DM, low fasting blood 
glucose levels (< 110 mg/dL), and malignancies were 
excluded. A questionnaire was administered to all 
participants to collect their demographic data and 
information regarding disease history. The cancer 
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morbidity and mortality in DM patients were stated in 
our hospital chart system and traced by the research 
team.

Blood samples were drawn from each participant 
in the morning after overnight fasting. The plasma and 
serum were immediately collected and centrifuged, 
divided into several aliquots, and stored at -80°C until 
further analysis. The levels of CD147, CyPA, MMP-2, 
and MMP-9 in the plasma samples were measured at 
the beginning of the study. The estimated glomerular 
filtration rate (eGFR) and health status were recorded 
at each follow-up visit for 10 years.

Measurement of the plasma levels of 
CD147, CyPA, MMP-2, and MMP-9 

The plasma CD147 level was measured using 
an enzyme-linked immunosorbent assay (ELISA) kit 
purchased from R&D Systems (Minneapolis, MN, 
USA). The plasma CyPA level was measured using 
an ELISA kit obtained from Wuhan USCN Science 
(Wuhan, Hubei, China). The plasma levels of total 
MMP-2 and total MMP-9 were measured using 
an ELISA kit purchased from R&D Systems. All 
assays were performed according to manufacturer’s 
instructions.

Statistical analysis
All statistical procedures were performed using 

SPSS for Windows (version 17.0, SPSS Inc., Chicago, 
IL, USA). Differences in age, body mass index (BMI), 
smoking index, biochemical data, mortality, and cancer 
morbidity after 10 years were compared between 
the healthy control and DM groups. Differences in 
DM mortality and cancer morbidity after 10 years 
between the non-cancer and cancer subgroups in 
the DM group in relation to inflammatory marker 
levels were analyzed using the independent sample 
t-test or nonparametric tests. A value of p < 0.05 was 
considered statistically significant. 

Receiver operating characteristic curves were  
plotted, and the area under the curve (AUC) was 
calculated. The AUC was used to assess the sensitivity 
and specificity of the plasma CD147 level as a predictor  
of DM mortality after 10 years. 

Results

Basic demographic data of study participants 
A total  of  172 heal thy controls  and 135 

patients with type 2 DM were enrolled in this study 
between 2004 and 2007. The basic demographic 
and biochemical data of the healthy control and 
DM groups are shown in Table 1. The healthy 
controls were younger than the patients with DM. 
The controls exhibited a lower BMI, a higher eGFR, 
lower mortality, and lower cancer morbidity than 
the patients with DM in the 10-year follow-up 
period. The distributions of sex and smoking index 
were similar between the DM and control groups. 
However, the patients with DM exhibited higher 
plasma levels of CyPA (94.41 ± 37.03 ng/mL vs. 
77.98 ± 30.36 ng/mL, p = 0.001, respectively), MMP-
2 (300.80 ± 59.78 ng/mL vs. 267.00 ± 77.56 ng/mL,  
p = 0.001, respectively), and MMP-9 (101.64 ± 
75.24 ng/mL vs. 31.93 ± 23.87 ng/mL, p = 0.001, 
respectively) than the controls. 

Biochemical data of the patients in the 
non-cancer and cancer subgroups in the 
DM group

The DM group was divided into two subgroups 
based on the presence or absence of cancer (Table 2).  
Our results revealed that the plasma CD147 level 
was higher in the cancer subgroup than in the non-
cancer subgroup (4,046.00 ± 922.00 pg/mL vs. 
3,520.00 ± 885.00 pg/mL, p = 0.015, respectively), 
and the cancer subgroup exhibited higher mortality 
than the non-cancer subgroup (71.00% vs. 28.00%, 
p = 0.001, respectively). The two subgroups did not 
differ significantly in terms of age or the eGFR, nor 
in the plasma levels of CyPA, MMP-2, and MMP-9. 

Follow-up using medical outcomes in 
patients with DM in high- and low-
CD147-level subgroups

As shown in Table 3, we followed-up the participants  
using their medical records and found that the high-
CD147-level subgroup exhibited a higher cancer 
morbidity (22.1% vs. 9.3%, p = 0.020, respectively), 

彰化醫學17(1)-01 Kuo.indd   3 2019/3/7   下午 04:56:41



C.-L. Kuo et al.4

Table 2. Biochemical data of the non-cancer and cancer subgroups in the diabetes mellitus group

Group of patients Non-cancer group (n = 113) Cancer group (n = 22) p*

Age, years (M ± SD) 70.00 ± 8.00 72.00 ± 5.00 0.347
CD147 (pg/mL) 3,520.00 ± 885.00 4,046.00 ± 922.00  0.015*

Mortality (%) 28.00 71.00  0.001*

eGFR (mL/min/1.73 m2) 62.63 ± 19.90 59.03 ± 12.30 0.418
eGFR after 10 years (mL/min/1.73 m2) 61.33 ± 28.58 53.33 ± 29.43 0.437
Plasma CyPA (ng/mL) 95.00 ± 34.47 99.21 ± 49.63 0.714
Plasma MMP-2 (ng/mL) 298.70 ± 56.70 325.80 ± 62.64 0.154
Plasma MMP-9 (ng/mL) 96.76 ± 60.43 76.02 ± 51.36 0.145

CD147: cluster of differentiation 147; CyPA: cyclophilin A; eGFR: estimated glomerular filtration rate; M ± SD: mean ± 
standard deviation; MMP: matrix metalloproteinase.
*p < 0.001 by the independent sample t-test.

Table 3. Follow-up medical outcome in the patients with diabetes mellitus in the high- and low-cluster of differentiation 
147-level subgroups

Group of patients
Low CD147 group  
(< 3,196 pg/mL) 

n = 58

High CD147 group  
(> 3,196 pg/mL) 

n = 77
p*

Cancer morbidity (%)   9.3 22.1 0.020*

Mortality (%) 19.0 81.0 0.001*

Predicted outcome after 10 years (%) 38.0 62.0 0.002*

Poor outcome (%) 26.3 73.7 0.001**

No change (%) 58.8 41.2 0.001**

Good outcome (%) 52.6 47.4 0.001**

CD147: cluster of differentiation 147.
*p < 0.001 by the independent sample t-test.
**p < 0.001 by the one-sample t-test.

Table 1. Basic demographic data of the study participants

Group of patients Controls (n = 172) Diabetes mellitus (n = 135) p*

Age, years (M ± SD) 49.00 ± 13.00 70.00 ± 9.00 0.001*

Gender (male %, n) 44.00, 76 41.00, 58 0.589
BMI (kg/m2) (M ± SD) 24.00 ± 3.00 26.00 ± 4.00 0.001*

Smoking indexa (M ± SD) 22.00 ± 15.00 19.00 ± 11.00 0.557
Mortality after 10 years (%, n) 2.30, 4 35.00, 49 0.001*

Cancer morbidity after 10 years (%, n) 5.23, 9 16.00, 22 0.001**

eGFR (mL/min/1.73 m2) 80.92 ± 20.74 61.92 ± 18.74 0.001*

eGFR after 10 years (mL/min/1.73 m2) 84.71 ± 20.74 60.17 ± 28.63 0.001*

Plasma CyPA (ng/mL) 77.98 ± 30.36 94.41 ± 37.03 0.001*

Plasma MMP-2 (ng/mL) 267.00 ± 77.56 300.80 ± 59.78 0.001*

Plasma MMP-9 (ng/mL) 31.93 ± 23.87 101.64 ± 75.24 0.001*

BMI: body mass index; CyPA: cyclophilin A; eGFR: estimated glomerular filtration rate; M ± SD: mean ± standard 
deviation; MMP: matrix metalloproteinase.
aSmoking index = packs per day × years.
*p < 0.05 by the independent sample t-test.
**p < 0.05 by the Wald-Wolfowitz test.
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a higher mortality (81.0% vs. 19.0%, p = 0.001, 
respectively), and poorer predicted kidney outcomes 
(low CD147 vs. high CD147, 38.0% vs. 62.0%, p 
= 0.002, respectively) than the low-CD147-level 
subgroup. After a median of 10 years of follow-up, 
the hazard ratio for cancer morbidity among DM 
patients comparing high and low plasma CD147 
was 13.333 (95% confidence interval [CI] = 1.708–
104.070), p = 0.001.

Evaluation of the plasma CD147 level 
as a predictor of DM mortality after 10 
years

If a cut-off value for the CD147 level of > 
3,433 pg/mL was used in the assessment of patient 
mortality to indicate an increased risk of death after 
10 years, the AUC for predicting the mortality in 
patients with DM using the plasma CD147 level was 
0.686 after 10 years (95% CI = 0.588–0.785, p = 
0.001; Figure 1).

Discussion
The results of this study suggested that a high 

plasma CD147 level can serve as a long-term biomarker 
for the prediction of DM-related mortality. We 
found that the patients with DM had higher cancer 
morbidity and mortality after the 10-year follow-up, 
and the patients with DM exhibited higher plasma 
levels of infl ammation markers or cytokines (Table 1). 

DM is a chronic inflammatory disease, which 
is manifested as high glucose stimulation in vascular 
smooth muscle cells and endothelial cells; CyPA is 
secreted by cardiomyocytes [8,9], and is overexpressed 
in several cells, including hepatocellular carcinoma 
cells [10], pancreatic cancer cells, and non-small-
cell lung cancer cells [11], and in vascular diseases 
[12]. CD147 is a CyPA receptor and a transmembrane 
glycoprotein. Soluble CD147 is an extracellular matrix 
(ECM) MMP inducer, and MMPs degrade the ECM; 
hence, CD147 overexpression has been presumed 
to affect ECM remodeling [13]. Our study results 
revealed that the patients with DM exhibited higher 
plasma levels of MMP-2, MMP-9, and CyPA than the 
controls (Table 1). Moreover, high plasma glucose 
levels may induce oxidative stress and inflammation 
[14], which may increase the secretion of MMP-2, 
MMP-9 [15], and CyPA [16]. Therefore, high plasma 
levels of MMP-2, MMP-9, and CyPA may be crucial 
factors for DM and DM-related consequences. 

A high plasma CD147 level was strongly-
associated with death in the patients with DM in our 
study. Therefore, we analyzed DM-related mortality 
and cancer morbidity after 10 years in the patients, 
and found that the cancer subgroup exhibited a 
higher plasma CD147 level and higher mortality 
than the non-cancer subgroup in the DM group 
(Table 1). In addition, the plasma MMP-2, MMP-9, 
and CyPA levels did not differ signifi cantly between 
the cancer and non-cancer subgroups (Table 2). The 
DM group was divided into two subgroups, namely 
low-plasma-CD147-level and high-plasma-CD147-
level subgroups, according to the median plasma 
CD147 level (CD147 level < 3,196 pg/mL and 
CD147 level > 3,196 pg/mL). Our follow-up data 
revealed that the patients with high plasma CD147 
levels had a higher mortality and cancer morbidity 

Figure 1. Evaluation of the plasma cluster of differentiation 
147 (CD147) level as a predictor of diabetes mellitus (DM) 
mortality after 10 years. The area under the curve (AUC) 
for the plasma CD147 level as a predictor of DM mortality 
after 10 years was 0.686 (95% confi dence interval [CI] = 
0.588–0.785, p = 0.001). 
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than the patients with low plasma CD147 levels. 
Xiao et al. reported that CD147 overexpression was 
associated with tumor migration and predicted poor 
outcomes in patients with hepatocellular carcinoma 
[4]; this finding suggested that CD147 plays a 
crucial role in tumor progression. 

DM is regarded as a chronic inflammation 
status.  High plasma CyPA can induce CD147 
receptor up-regulation, which will subsequently 
result in CD147 overexpression, promoting tumor 
migration. A high plasma CyPA level is present in 
higher inflammation responses, but whether CD147 
can predict cancer development remains unclear, 
though CD147 is downstream of CyPA. In this 
study, a high CD147 level was found to predict 
cancer morbidity in diabetes patients after a 10-year 
observation period, which was a novel finding. 

The eGFR, age, and disease process may be 
major factors influencing the outcomes of chronic 
systemic diseases, particularly DM. Li et al. reported 
an increase in MMP-9 expression in the glomeruli 
cells of diabetic mice; they found that blocking the 
expression of MMP-9 reduced the differentiation of  
podocytes and the incidence of diabetic nephropathy 
[17]. Diabetic nephropathy is a common complication 
of DM, which involves renal fibrosis, podocyte  
damage, glomerular basement membrane proliferation, 
and microvascular disease. Thus, we assessed kidney 
function in the patients with DM, using the eGFR 
to predict DM kidney outcomes, and found that the 
high-CD147-level subgroup exhibited poor kidney 
outcomes after the 10-year follow-up period (Table 
3). We found that the patients with DM in the high-
CD147-level subgroup exhibited higher mortality 
and cancer morbidity after the 10-year follow-up, but 
the plasma levels of MMP-2, MMP-9, and CyPA did 
not differ between the high- and low-CD147-level 
subgroups. The deterioration of renal function in the 
patients with DM after the 10-year follow-up period 
indicated that the plasma CD147 level plays a role in 
the process of disease progression and can be used to 
predict the long-term disease status. 

The limitations of this study were its small 
sample size and that the follow-up period ended 10 
years after the initial blood sample collection. To 
further this research, we will design a continuous 
study for the tracking of living patients with DM 

and healthy controls to confirm our findings and 
investigate the long-term outcomes.

Conclusion
DM is associated with a high risk of cancer, 

which is a crucial public health problem worldwide. 
When DM progresses to nephropathy, such as end-
stage renal disease, dialysis becomes a considerable 
economic burden on the healthcare system in 
Taiwan. Hence, timely monitoring of patients with 
DM disease progression is necessary. We attempted 
to use the plasma level of CD147 to predict DM 
mortality after 10 years of follow-up, and found that 
the plasma CD147 level may be a suitable predictive 
biomarker for long-term monitoring of mortality and 
cancer morbidity in DM.
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