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Diabetes and PKM2 affect prognosis in patients
with intrahepatic cholangiocarcinoma
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Abstract. Diabetes mellitus (DM) is a common disease, but
its effect on the prognosis of patients with intrahepatic chol-
angiocarcinoma (ICC) has not been reported. The aim of the
present study was to explore the prognostic significance of
diabetes in patients with ICC treated with hepatectomy and to
clarify the role of pyruvate kinase M2 (PKM?2). A consecutive
retrospective cohort of 110 patients with ICC (28 with DM
and 82 without DM) who underwent therapeutic hepatectomy
was evaluated between January 2006 and January 2011. The
clinicopathological characteristics of the two groups and the
differences between overall survival (OS) and recurrence-free
survival (RFS) were analyzed. The Cox proportional hazards
model was further used to identify independent prognostic
predictors. PKM?2 expression was measured using immuno-
histochemical staining in tissues collected, after obtaining
informed consent. Patients with ICC with DM exhibited signif-
icantly lower OS and RFS rates at 1, 3 and 5 years compared
with patients with ICC without DM. Cox multivariate analysis
revealed that DM was an independent predictor of poor OS
and RFS. Additionally, high PKM2 expression was signifi-
cantly higher in patients with ICC with DM compared with
that in patients without DM. Overall, DM was associated with
significantly lower OS and RFS rates in patients with ICC. The
underlying biological rationale may be attributed to the higher
PKM?2 expression rate.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver cancer, and its incidence is on the
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increase. It is a painful disease that poses a great burden
to patients (1). Since ICC is resistant to radiotherapy and
chemotherapy, surgical resection is considered to be the main
treatment (2,3). However, the prognosis in patients with ICC is
poor, with an estimated median survival time of 18-39 months
and a median 5-year survival rate of 25-40% (2,3).

Over the past 20 years, the global burden of diabetes
mellitus (DM) has risen sharply and is expected to affect
>500 million adults by 2030, most of whom have type 2
diabetes (4). Previous studies have demonstrated that DM
can significantly increase the risk of hepatocellular carci-
noma (HCC) and ICC (5,6). Some retrospective studies and
meta-analyses identified DM as an independent predictor of
poor prognosis in patients with HCC after hepatectomy (7-10).
ICC and HCC originate from different cell types; however,
obesity, diabetes, hepatitis B and C, drinking and cirrhosis
seem to be the main risk factors for both ICC and HCC,
suggesting that ICC and HCC share a common pathogenesis
mechanism (11). In addition, whether DM is also a prognostic
factor of ICC after hepatectomy remains unclear.

Regardless of whether the supply of oxygen is sufficient,
rapidly dividing cells convert glucose into lactate to produce
ATP, which is known as aerobic glycolysis or the Warburg
effect (12,13). The Warburg effect is a widely observed feature
of human cancer; in numerous types of tumor, including HCC
and ICC, the presence of the Warburg effect is often associated
with tumor invasiveness and a poor prognosis (14-16). The
key rate limiting enzyme of the Warburg effect is pyruvate
kinase M2 (PKM2), a tumor-specific subtype of pyruvate
kinase, which catalyzes the synthesis of pyruvate and ATP
with phosphoenolpyruvate and ADP as substrates (17,18).
Compensatory hyperinsulinemia is an important feature of
type 2 DM and is one of the upstream regulators of PKM?2
expression (19,20). The effect of DM on PKM2 expression in
patients with ICC remains unknown.

The present study performed a retrospective analysis
of patients with ICC who underwent hepatectomy at the
Second Affiliated Hospital of Chongqing Medical University
(Chongging, China). The aims were to determine whether DM
affects the prognosis in patients with ICC after hepatectomy
and to provide a scientific basis for further exploration of the
specific molecular mechanism.
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Materials and methods

Patients and follow-up. A total of 157 patients who underwent
hepatectomy for ICC were eligible for inclusion in the present
study at the Second Affiliated Hospital of Chongqing Medical
University between January 2006 and January 2011. ICC was
confirmed by histopathology and the anatomic location of the
tumor was determined by review of histopathology, radiology
and operation notes. After review, 47 of the 157 patients with
ICC were excluded (15 lacked integrated clinical data, 13 lacked
prospectively collected follow-up data and 19 had insufficient
tissue for investigation). The remaining 110 patients (mean
age, 53 years; age range, 28-79 years; 62 males and 48 females;
28 with type 2 DM and 82 without DM) were enrolled in the
study. Cancerous and paracancerous tissues were obtained for
both the DM and non-DM groups. Paracancerous tissue was
defined as normal liver tissue >5 cm away from the tumor.

DM was diagnosed as a fasting plasma glucose level
of >7.0 mmol/l (126 mg/dl), or a plasma glucose level of
>11.1 mmol/l (200 mg/dl) at 2 h in a 75-g oral glucose toler-
ance test, or typical DM symptoms (polydipsia, polyuria,
overeating, emaciation, fatigue or obesity) together with a
casual plasma glucose level of >11.1 mmol/l (200 mg/dl; the
normal fasting plasma glucose level is 3.9-6.1 mmol/l) (21).

All the patients were followed up until death or the end of
the study in December 2016, with a median follow-up time of
55 months. After hepatectomy, all the patients were followed up
every 3 months for 1 year and every 6 months thereafter. Liver
function (based on the levels of alanine aminotransferase,
aspartate aminotransferase, total bilirubin and albumin),
prothrombin time (PT), abdominal ultrasound, chest film and
enhanced CT or MRI were collected to monitor the patients.
Diagnosis of tumor recurrence (intrahepatic and extrahepatic
recurrence) was based on typical imaging findings. Tumor
tissues were collected immediately upon resection from patients
with ICC, and were subsequently fixed and paraffin-embedded,
as described below, for immunohistochemistry.

The present retrospective study was conducted in accor-
dance with the Declaration of Helsinki 2013 edition and
national and international guidelines, and was approved by the
Ethical Review Committee of the Second Affiliated Hospital
of Chongqing Medical University. Written informed consent
was provided by all patients.

Immunohistochemical staining. The ICC tissues were fixed
in 4% paraformaldehyde at room temperature for 24 h and
embedded in paraffin. Immunohistochemical staining of
paraffin sections was performed using a two-step protocol.
Briefly, the ICC sections (3-ym-thick) were deparaffinized
in xylene I for 15 min and xylene II for 15 min at 37°C,
and rehydrated in a graded ethanol series (100, 95, 80
and 75% ethanol for 5 min each). Subsequently, antigen
retrieval was performed in 10 mmol/l sodium citrate solution
(pH 6.0) at 100°C for 15 min, and the samples were cooled
for 30 min at room temperature. Endogenous peroxidase
activity was inhibited using 3% hydrogen peroxide for 30 min
at 37°C, and 5% goat serum (Origene Technologies, Inc.)
was used to block non-specific binding for 15 min at 37°C,
followed by incubation with a primary rabbit monoclonal
anti-PKM2 antibody (1:1,000; cat. no. ab137852; Abcam)

at 4°C overnight. Subsequently, the sections were incubated
with a secondary anti-rabbit biotin-labelled IgG antibody
(1:100; cat. no. SAP-9100; OriGene Technologies, Inc.)
at 37°C for 30 min. After washing with PBS, the visualiza-
tion signal was detected using 3,3'-diaminobenzidine (Boster
Biological Technology) and counterstaining was performed
using hematoxylin at room temperature for 5 sec. To evaluate
PKM2 expression, the slides were assessed independently
by two experienced pathologists with minimal interobserver
variability. The slides were assessed using an orthotopic light
microscope (magnification, x100; Zeiss AG).

Scoring systems for immunohistochemical staining. A
semi-quantitative assessment method score was used. Scoring
parameters included the staining intensity (range, 0-3;
0, negative; 1, weak; 2, moderate; and 3, strong) and the
percentage of positive cells (range, 1-4; 0, negative or <5%;
1,6-25%; 2,26-50%; 3, 51-75%; and 4, 76-100%). The staining
intensity was based on the color of the positive markers:
Light yellow indicated weak staining, brown-yellow indi-
cated moderate staining and dark brown indicated strong
staining. The percentage of positive cells and the intensity
scores were added to determine the final staining scores. A
total score <4 was defined as low PKM?2 expression, while a
score =4 was defined as high PKM2 expression.

Statistical analysis. Statistical analyses were performed
using SPSS 22.0 (IBM Corp.). The primary endpoint of the
present study was overall survival (OS) after hepatectomy. OS
was recorded as the time from the disease diagnosis to death
due to any cause. Tumor recurrence-free survival (RFS) was
recorded as the time from tumor resection to tumor recur-
rence. The significance of intergroup differences in continuous
data was assessed using an unpaired Student's t-test to analyze
the difference of PKM2 expression between ICC patients with
DM and without DM, while the significance of differences in
categorical data was assessed using the ¥ test or Fisher's exact
test (two-tailed). Survival analysis was performed using the
Kaplan-Meier method and the log-rank test. Univariate and
multivariate analyses were performed using the Cox propor-
tional hazards model to identify independent prognostic factors
(multivariate analysis was based on significant results from the
univariate analysis). The TNM staging system (22) was used
to determine the tumor stage in the analysis of the clinico-
pathological features and prognosis of patients. Categorical
variables are expressed as frequencies (%). The results of the
survival analysis are described as hazard ratios (HRs) and
95% CIs. P<0.05 (two-sided) was considered to indicate a
statistically significant difference.

Results

Clinicopathological features of patients with and without DM.
Between January 2006 and January 2011, 110 patients (28 with
type 2 DM and 82 without DM) were included in the present
study. The baseline characteristics were similar between the
two groups, except that patients in the DM group had a higher
frequency of vascular invasion (46.4 vs. 23.2%; P=0.019).
There were no significant differences in sex, age, TNM stage,
tumor diameter, RO resection, differentiation degree, lymph
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Table I. Statistical differences of clinicopathological characteristics between patients with DM (n=28) and without DM (n=82).

Variables DM, n (%) Non-DM, n (%) P-value
Sex (male) 13 (46.4) 49 (59.8) 0.220
Age (=45 years) 14 (50.0) 49 (59.8) 0.368
TNM stage (I-1T) 5(17.9) 21 (25.6) 0.404
Tumor diameter (>5 cm) 19 (67.9) 51 (62.2) 0.591
RO 17 (60.7) 47 (57.3) 0.753
Differentiation 0.263

Low 1(3.6) 12 (14.6)

Moderate 23 (82.1) 62 (75.6)

High 4 (14.3) 8(9.8)
Lymph node metastasis 10 (35.7) 25 (30.5) 0.608
Intrahepatic metastasis 8 (28.6) 15 (18.3) 0.248
Multiplicity 14 (50.0) 30 (36.6) 0.211
Vascular invasion 13 (46.4) 19 (23.2) 0.019*
Alanine aminotransferase (>100 IU/1) 2(7.1) 15 (18.3) 0.229
Aspartate aminotransferase (>100 [U/1) 5(7.9) 18 (22.0) 0.646
Total bilirubin (>34 gmol/l) 4(14.3) 20 (24.4) 0.264
Albumin (>35 g/dl) 23 (82.1) 72 (87.8) 0451
Prothrombin time (>14 sec) 2(7.1) 3@3.7) 0.600
2P<0.05. DM, diabetes mellitus; IU, international unit.
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was 10 and 36 months, respectively (Fig. 1). As shown in
Table II, univariate analysis revealed that advanced TNM
stage (HR, 0.474; 95% CI,0.245-0.918; P=0.027), >5 cm tumor
diameter (HR,0.460;95% CI,0.260-0.814; P=0.008),R1 resec-
tion (HR, 0.515; 95% CI, 0.310-0.857; P=0.011), lymph node
metastasis (HR, 2.865; 95% CI, 1.658-4.952; P<0.001), intra-
hepatic metastasis (HR, 9.266; 95% CI,4.863-17.657; P<0.001),
multiplicity (HR, 6.125; 95% CI, 3.482-10.774; P<0.001),
vascular invasion (HR, 5.875; 95% CI, 3.252-10.614; P<0.001),
high PKM2 expression (HR, 1.984; 95% CI, 1.177-3.344;
P=0.010) and DM (HR, 2.152; 95% CI, 1.255-3.691; P=0.005)
were adverse prognostic factors that affected OS in patients
with ICC. In addition, multivariate analysis identified the
following factors as independent predictors for poor OS:
DM (HR, 1.989; 95% CI, 1.084-3.65; P=0.026), high PKM2
expression (HR, 1.364; 95% CI, 1.048-2.948; P=0.007), intra-
hepatic metastasis (HR, 2.826; 95% CI, 1.288-6.021; P=0.010),
multiplicity (HR, 4.004; 95% CI, 1.923-8.336; P<0.001) and
vascular invasion (HR, 3.187; 95% CI, 1.516-6.701; P=0.002).

Figure 1. Kaplan-Meier survival curve analysis of overall survival rate
in patients with intrahepatic cholangiocarcinoma according to DM.
DM, diabetes mellitus.

Association of DM and non-DM with RFS after hepatectomy
in patients with ICC. During follow-up, 78 (70.9%) patients
experienced tumor recurrence. The RFS rate in patients with
DM was significantly worse than that in patients without
DM (P=0.004; Fig. 2). The 1-, 3- and 5-year RFS rates for
patients with DM were 32.1, 16.3 and 10.9%, which were lower
than 60.5, 38.8 and 31.7% in patients without DM, and the
median RFS time in patients with and without diabetes was
5 and 17 months, respectively (Fig. 2). As shown in Table III,
univariate analysis revealed that lymph node metastasis
(HR, 2.664; 95% CI, 1.638-4.331; P<0.001), intrahepatic
metastasis (HR, 5.640; 95% ClI, 3.143-10.123; P<0.001), multi-
plicity (HR, 4.427; 95% CI, 2.718-7.212; P<0.001), vascular
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Table II. Univariate and multivariate analysis of risk factors for overall survival.

Univariate analysis

Multivariate analysis

Variables HR 95% CI P-value HR 95% CI P-value
Sex (male/female) 1.026 0.617-1.706 0.922

Age (<45/=45 years) 0.850 0.506-1.428 0.540

TNM stage (I-II/III-IV) 0474 0.245-0.918 0.027* 1.003 0.462-2.176 0.995

Tumor diameter (<5/>5 cm) 0.460 0.260-0.814 0.008° 0.728 0.348-1.527 0.402

RO (RO/R1) 0.515 0.310-0.857 0.011* 0.739 0.403-1.354 0.327

Differentiation (low) 1.000

Differentiation (moderate) 2.193 0.873-5.510 0.095

Differentiation (high) 1.349 0.411-4.423 0.622

Lymph node metastasis (positive/negative) 2.865 1.658-4.952 <0.001¢ 0919 0.472-1.788 0.803

Intrahepatic metastasis (positive/negative) 9.266 4.863-17.657 <0.001° 2.826 1.288-6.201 0.010°
Multiplicity (positive/negative) 6.125 3.482-10.774 <0.001°¢ 4.004 1.923-8.336 <0.001¢
Vascular invasion (positive/negative) 5.875 3.252-10.614 <0.001¢ 3.187 1.516-6.701 0.002°
Pyruvate kinase M2 expression (high/low) 1.984 1.177-3.344 0.010° 1.364 1.048-2.948 0.007°
Diabetes mellitus (yes/no) 2.152 1.255-3.691 0.005° 1.989 1.084-3.650 0.026*
Total bilirubin (>34/<34 pmol/l) 0.780 0.414-1.470 0.442

Alanine aminotransferase (>100/<100 IU/I) 0.940 0.477-1.855 0.859

Prothrombin time (>14/<14 sec) 1.533 0.556-4.232 0.409

Albumin (>35/<35 g/l) 0.672 0.340-1.326 0.252

Aspartate aminotransferase (>100/<100 IU/I) 1.310 0.731-2.348 0.365

P<0.05; "P<0.01; °P<0.001. HR, hazard ratio; IU, international unit.
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Figure 2. Kaplan-Meier survival curve analysis of recurrence-free survival
rate in patients with intrahepatic cholangiocarcinoma according to DM.
DM, diabetes mellitus.

invasion (HR, 5.100; 95% CI, 3.017-8.619; P<0.001), high
PKM?2 expression (HR, 2.048; 95% CI, 1.289-3.254; P=0.002)
and DM (HR, 1.985; 95% CI, 1.222-3.225; P=0.006) were
adverse prognostic factors that affected RFS in patients with
ICC. In addition, multivariate analysis identified the following
factors as independent predictors for poor OS: DM (HR, 1.784;
95% CI, 1.042-3.053; P=0.035), high PKM2 expression
(HR, 1.567; 95% CI, 1.057-3.012; P=0.006), multiplicity
(HR, 2.898; 95% CI, 1.564-5.369; P=0.001) and vascular inva-
sion (HR, 2.655; 95% CI, 1.340-5.259; P=0.005).

Association of PKM?2 expression in patients with ICC with
and without DM. PKM?2 expression was mainly concen-
trated in the cytoplasm and nucleus. Representative images
of immunohistochemical staining are shown in Fig. 3A.
High PKM?2 expression was observed in 61 (55.5%) patients
with ICC; among these patients, 85.7% patients had DM,
while 45.1% patients did not have DM (Fig. 3B). Similarly to
HCC (23), high PKM?2 expression was associated with poor
OS and RFS (Fig. 3C and D). Notably, the combination of
low PKM2 expression and no DM had a favorable prognostic
value, while patients with high PKM?2 expression and DM had
the shortest OS ad RFS time (Fig. 4A and B).

Discussion

In the present retrospective study, it was revealed that DM was
an independent prognostic factor for survival that significantly
affected the OS and RFS rates of patients with ICC. The
impact of DM was independent of patient demographics. In
addition, patients with DM had a higher PKM?2 expression rate
than patients without DM, but the mechanism by which DM
may regulate PKM?2 expression remains to be uncovered. DM
has been identified as an independent risk factor for ICC in a
number of countries, and routine measurements for y-glutamyl
transferase and/or CA19-9 have been recommended during
follow-up for DM to detect ICC at an early stage and expect
a good OS (24); however, the effect of DM on the outcome
of ICC has been rarely reported (24-27). A retrospective
study by Endo er al (28) revealed that DM was a prognostic
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Table III. Univariate and multivariate analysis of risk factors for recurrence-free survival.
Univariate analysis Multivariate analysis
Variables HR 95% CI P-value HR 95% C1 P-value
Sex (male/female) 0.922 0.591-1.440 0.722
Age (<45/=45 years) 1.058 0.675-1.660 0.805
TNM stage (I-1I/III-1V) 0.644 0.378-1.099 0.107
Tumor diameter (<5/>5 cm) 0.699 0.438-1.118 0.135
RO (RO/R1) 0.602 0.382-0.948 0.028
Differentiation (low) 1.000
Differentiation (moderate) 2.052 0.938-4.489 0.072
Differentiation (high) 1.355 0.491-3.742 0.557
Lymph node metastasis (positive/negative) 2.664 1.638-4.331 <0.001¢ 1.065 0.582-1.948 0.839
Intrahepatic metastasis (positive/negative) 5.640 3.143-10.123 <0.001¢ 1.517 0.722-3.187 0.271
Multiplicity (positive/negative) 4427 2.718-7.212 <0.001°¢ 2.898 1.564-5.369 0.001°
Vascular invasion (positive/negative) 5.100 3.017-8.619 <0.001¢ 2.655 1.340-5.259 0.005°
Pyruvate kinase M2 expression (high/low) 2.048 1.289-3.254 0.002° 1.567 1.057-3.012 0.006"
Diabetes mellitus (yes/no) 1.985 1.222-3.225 0.006° 1.784 1.042-3.053 0.035*
Total bilirubin (>34/<34 ymol/l) 0.750 0.426-1.321 0319
Alanine aminotransferase (>100/<100 IU/I) 0.857 0.463-1.586 0.623
Prothrombin time (>14/<14 sec) 1.134 0.414-3.104 0.807
Albumin (>35/<35 g/l) 0.627 0.345-1.139 0.126
Aspartate aminotransferase (>100/<100 IU/I) 1.198 0.706-2.032 0.503
P<0.05; "P<0.01; °P<0.001. HR, hazard ratio; IU, international unit.
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Figure 3. High PKM2 expression is associated with a poor prognosis in patients with ICC. (A) Immunohistochemical staining of PKM2 expression in ICC
tissues. (B) Proportion of high PKM2 expression in patients with ICC with and without DM. Kaplan-Meier survival curve analysis of (C) overall survival
rate and (D) recurrence-free survival rate in patients with ICC according to PKM2 expression. Magnification, x100. DM, diabetes mellitus; ICC, intrahepatic
cholangiocarcinoma; PKM2, pyruvate kinase M2.

factor for patients undergoing surgery for ICC; however, only
6 (6/81) patients with ICC had DM, affecting the reliability
of the results. In the present cohort, 28 (25.2%) patients had

DM, which is similar to a previously reported prevalence
(4.9-33.1%) in patients with ICC (29,30). The current multivar-
iate analysis revealed that DM was an independent risk factor
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Figure 4. Patients with high PKM2 expression and DM have the shortest
survival. (A) Kaplan-Meier survival curve analysis of overall survival
rate (%) in patients with ICC according to DM and PKM2 expression.
(B) Kaplan-Meier survival curve analysis of Recurrence-free survival
rate (%) in patients with ICC according to DM and PKM2 expression.
DM, diabetes mellitus; ICC, intrahepatic cholangiocarcinoma; PKM2, pyru-
vate kinase M2.

for OS and RFS, suggesting that a more rigorous follow-up
strategy should be adopted for patients with DM and suitable
anti-diabetes treatments may be efficacious in patients with
ICC complicated with DM.

PKM2 is widely expressed in cancer and can promote
cancer cell proliferation through multiple biological mecha-
nisms (31). In breast cancer, PKM2-Y105D phosphomimetic
mutant increases MCF-10a cell colony formation and
CD44%/CD24" cancer stem cell population by increasing
YYl-associated protein 1 (YAP) nuclear localization (32).
ErbB2 is a strong inducer of PKM2-Y105D phosphorylation,
which promotes the nuclear localization of YAP and increases
the number of tumor stem cells (32). PKM2 binds directly to
histone H3 and phosphorylates histone H3 at threonine 11
when EGFR is activated; this phosphorylation is required for
the separation of histone deacetylase 3 from cyclin D1 and Myc
promoter regions, and subsequent acetylation of histone H3
at lysine 9 (33). PKM2-dependent histone H3 modification
serves an important role in EGF-induced cyclin D1 and c-Myc
expression, glioma cell proliferation, cell cycle progression
and brain tumorigenesis (33). Further analysis of the mecha-
nism of PKM?2 revealed that mitomycin 2 (MFN2), a key
regulator of mitochondrial fusion, interacted with PKM2,
promoted mitochondrial fusion and production of phosphorus

oxide, and suppressed glycolysis (34). Additionally, mTOR
increases the interaction between PKM2 and MFN2 through
phosphorylation of MFN2, and it regulates the effects of
PKM2 and MFN2 on glycolysis, mitochondrial fusion and
oxidative phosphorylation in hepatocellular carcinoma and
lung cancer cells (34). Therefore, the mMTOR-MFN2-PKM?2
signal axis combines glycolysis with oxygen and phosphorus
to regulate the growth of hepatocellular carcinoma and lung
cancer cells (34). Insulin can increase PKM?2 expression
in vitro, but this has not been verified in the clinic (19,20).
To the best of our knowledge, the present data indicated for
the first time in clinic samples that PKM?2 expression was
higher in patients with DM than in those without, consistent
with previous in vitro results (23). Although the accurate
underlying mechanism remains unknown, the current results
may partially explain why patients with DM have a poorer
survival outcome than patients without DM.

The present study presents some limitations. First, DM
treatment can significantly affect long-term survival in
patients with HCC (35). Therefore, the same phenomenon may
be observed in patients with ICC. However, the DM treatment
strategy in the present study was unknown. Second, all patients
in the current cohort underwent surgical resection, but these
patients represented only a small proportion of all patients
with ICC (3). Whether DM also indicates a poor prognosis in
patients without surgery remains to be explored.

In summary, the present data revealed that DM was associ-
ated with a significantly lower OS rate in patients with ICC. A
potential cause may be associated with the abnormal glucose
metabolism mediated by PKM2, which should be further
investigated.
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