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Case Report

Hepatocellular carcinoma and type 2 diabetes mellitus: two 
cases highlighting changes in tumor glycogen content
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ABSTRACT
This article reports two patients with hepatocellular carcinoma (HCC) and type 2 diabetes mellitus (T2DM), who showed 
marked changes in hepatocellular glycogen content. Periodic acid-Schiff (PAS)-positive and diastase-PAS-negative 
(glycogen-storing) hepatocytes were detected in both background liver parenchyma and in HCC tissues. In HCC tissues, the 
number of glycogen-storing cells resembling hepatocytes was considerably reduced and unevenly distributed as compared 
with hepatocytes in background liver. To be known, changes in hepatocellular glycogen content in T2DM patients have not 
been previously described. It is hypothesized that the reduction in glycogen content in both patients was likely associated with 
the emergence of Warburg type of glycolysis.
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INTRODUCTION

Most cases of hepatocellular carcinoma (HCC) occur in 
patients with chronic liver disease and advanced fibrosis. 
Well-known causes of chronic liver disease leading to 
HCC include chronic hepatitis B virus (HBV) and hepatitis 
C virus infection,[1] chronic alcohol abuse[1,2] and more 
recently, non-alcoholic fatty liver disease (NAFLD).[3] In 
addition, type 2 diabetes mellitus (T2DM) has been 

associated with HCC.[4] Patients with T2DM and NAFLD-
related non-cirrhotic or cirrhotic livers may develop HCC, 
suggesting a role for T2DM in hepatocarcinogenesis.[3]

Glycogen loading of the liver was first documented 
as a component of Mauriac’s syndrome in 1930, and 
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enhanced glycogen deposits were observed with 
increasing frequency in patients with brittle diabetes.[5,6]  
Excessive storage of glycogen [glycogen-storing foci 
(GSF)] has been observed in pre-neoplastic foci of 
altered hepatocytes (FAH), and in highly differentiated 
subpopulations of benign and malignant hepatocellular 
lesions in animal models of hepatocarcinogenesis.[7-9] 
Glycogenotic cells (clear cell) have been observed in liver 
biopsies and explants from the patients harboring foci 
and nodules of altered hepatocytes.[10,11] Although clear 
cell HCCs have been described, their glycogen content 
was usually not determined.[12]

To our knowledge, there have been no comparative 
studies on changes in hepatocellular glycogen content 
of HCC and background livers in patients with T2DM. 
This study describes two patients with HCC and T2DM, 
who showed marked changes in hepatocellular glycogen 
content.

CASE REPORT

Case 1
A 72-year-old Japanese man with T2DM and alcoholic 
liver disease was diagnosed with HCC by computed 
tomography (CT) examination. Laboratory data 
showed aspartate transaminase (AST) 95 IU/L, alanine 
transaminase (ALT) 65 IU/L, alpha-fetoprotein (AFP) 
8.2 ng/mL, protein-induced by vitamin K absence 
factor II (PIVKA-II) 26 mAU/mL, fasting blood sugar 
(FBS) 228 mg/dL, and hemoglobin A1c (HbA1c)  7.9%. 
CT arterial portography and CT hepatic arteriography 
revealed 2 minor nodules (3-4 mm) at S5, and a larger 
nodule (2.5 cm × 2.3 cm) at S8.

A specimen, obtained from needle biopsy of the S8 
tumor, was fixed with Carnoy’s solution, and formalin for 
a routine histological diagnosis. Samples were stained 
with periodic acid-Schiff (PAS) and PAS after diastase pre-
treatment (D-PAS). Hexokinase II (HK-II) was detected 
immunohistochemically using anti-HK II (C64G5) rabbit 
mAb (Cell Signaling Technology, Inc. Danvers, US). HK-II 

activity in positive control was also indicated [Figure 1a 
and b].

Histologic examination showed a well- to moderately- 
differentiated HCC [Figure 2a], with the background 
liver showing steatohepatitis with alcoholic pericellular 
fibrosis [Figure 2b]. Both PAS-positive [Figure 2c and 
d] and D-PAS-negative (glycogen-storing) hepatocytes 
[Figure 2e and f] were detected in the background 
liver and in HCC tissues. However, the PAS-positive 
hepatocytes were more abundant in the background 
liver than in the HCC tissues. No pronounced clear cells 
were detected. HK-II expression was weak in HCC [Figure 
2g] and faint in background liver [Figure 2h]. Clinical and 
pathological data are summarized in Table 1.

Case 2
A 73-year-old Japanese man with T2DM and non-
alcoholic steatohepatitis (NASH) was diagnosed with 
HCC by CT examination. At the age of 64, he was 
diagnosed with T2DM and NASH via needle biopsy of the 
liver. Laboratory examination showed AST 51 IU/L, ALT 
22 IU/L, AFP 4.4 ng/mL, PIVKA-II 22 mAU/mL, FBS 140 mg/
dL, and HbA1c 6.3%.

Partially, hepatectomized liver tissue was fixed as 
described in Case 1. Macroscopically, the HCC was 
revealed as simple nodular type (size, 1.8 cm × 1.5 
cm; stage 1, T1N0M0; Child-Pugh grade A). Histological 
examination showed a well-differentiated HCC [Figure 
3a], with the background liver presenting as type B 
cirrhosis [Figure 3b]. PAS-positive [Figure 3c and d] 
and D-PAS-negative [Figure 3e and f] hepatocytes were 
detected in both background liver and in HCC tissues, 
although the PAS-positive hepatocytes were more 
abundant in background liver than in the tumors. HK-
II was weakly expressed in HCC [Figure 3g] and faintly 
expressed in background liver [Figure 3h]. No obvious 
clear cells were detected.

DISCUSSION

This study describes the two patients with T2DM, who 
developed HCC. Background liver in both patients 
showed steatohepatitis, suggesting that HCC may have 
been mainly due to steatohepatitis. The alcohol intake 
may have been a risk factor for HCC in Case 1,[2] whereas 
occult HBV infection with positivity for hepatitis B surface 
anti-body/hepatitis B core anti-body may have been a risk 
factor in Case 2.[13]

Glycogenotic hepatocytes are a common pre-
neoplastic liver lesion in human at a high risk of HCC 
development.[11,14] FAH, including GSF, was detected in 

Figure 1: Control - hexokinase II activity in hepatocellular carcinoma tissues 
(a) and background liver (b) of positive control (65-year-old male, well-
differentiated adenocarcinoma in background of chronic hepatitis C) (a and b: 
hexokinase II, ×400)
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84 of 111 (75.7%) patients with cirrhotic liver diseases, 
with a higher incidence in patients HCC than those 
without HCC.[11] GSF were also detected in a significant 
number of human non-cirrhotic livers (88 of 236; 
33.6%).[15] A combination of enzymatic and molecular 
biological approaches has shown the striking similarities 
in metabolic changes in human and rat GSF, including the 
activation of the AKT/mammalian target of rapamycin 
(mTOR) and Ras/MAPK signaling cascades.[15]

Studies in more than 150 human explants showed 
the evidence for a characteristic sequence of cellular 
changes, from pre-neoplastic glycogenotic FAH via 
various intermediate stages [mixed cell foci (MCF)] 
to glycogen-poor malignant phenotypes, similar 
to that in animal models.[9,11] These phenotypic 
cellular changes are due to a metabolic switch from 
gluconeogenesis toward the pentose phosphate 
pathway and the Warburg type of glycolysis.[9,11] In 
human HBV-associated tumorigenesis, the mTOR 
signaling cascade has been shown to play a crucial role 

in driving the metabolic alterations toward increased 
aerobic glycolysis.[16] When initial excess glycogen 
stores are reduced, the storage of polysaccharides is 
often largely replaced by the accumulation of neutral 
lipids.[17] In both of our patients, PAS-positive/D-
PAS-negative hepatocytes, which store glycogen 
albeit not the excessive amounts, were detected 
in background livers and HCC tissues. Hepatocytes 
rich in glycogen were abundant in background liver 
parenchyma but were mixed with glycogen-poor 
cells in HCC tissues. Neither pronounced clear cells 
nor MCF were detected. Fat deposits were rare in 
HCC tissues and background livers of both of these 
patients.

Changes in glycogen content frequently accompany 
a shift in the expression of isoenzymes during 
progression, e.g., from low-affinity (glucokinase/
HK IV) to high affinity (HK-II) HK,[17,18] HK-II being 
characteristic of Warburg type of glycolysis occurring 
in rapidly growing tumors, including HCC.[17,19] 

Table 1: Summary of clinical and pathological data
Case 1 Case 2

Age/gender 72 years/male 73 years/male
DM type/duration 2/16 years 2/9 years
Insulin level 3.5 μU/mL 20.1 μU/mL
Body mass index (kg/m2) 20.8 22.1
Alcohol 63 g/day, 40 years No
HBsAg/cAb/sAb/HCV -/-/-/- -/+/+/-
Biopsy or resection Needle biopsy Partial resection
HCC

Size (location) 2.5 cm × 2.3 cm (S8)

(3-4) mm × (3-4) mm, double (S5)

1.8 cm × 1.5 cm (S8)

Histology Well- to moderately-differentiated adenocarcinoma Well-differentiated adenocarcinoma
PAS-positive cells diastase-PAS Small numbers negative Uneven negative
HK-II immunostaining Weak positive Weak positive

Background liver
Histology Steatohepatitis with pericellular brosis (F2-3) Liver cirrhosis, type B NASH (9 years ago)
PAS-positive cells diastase-PAS Abundant numbers negative Abundant numbers negative
HK-II immunostaining Faint positive Faint positive

DM: diabetes mellitus; HBsAg: hepatitis B surface antigen; cAb: core anti-body; sAb: surface anti-body; HCV: hepatitis C virus; HCC: hepatocellular carcinoma; 
PAS: periodic acid-Schiff; HK-II: hexokinase II; NASH: non-alcoholic steatohepatitis

Figure 2: Case 1-histochemical comparison of glycogen content and hexokinase II activity in hepatocellular carcinoma tissues (a, c, e, and g) and background 
liver (b, d, f, and h) (a and b: HE, ×100; c and d: periodic acid-Schiff, ×100; e and f: diastase-periodic acid-Schiff, ×100; g and h: hexokinase II, ×400)
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Guzman reported that the higher levels of HK-
II in HCC were associated with more aggressive 
histological behavior; however, HK-II expression 
was not associated with DM.[20] HK-II was expressed 
in both the HCC tissues and background liver 
parenchyma of our patients, but its intensity was 
inversely related to PAS-positivity, being higher 
in cells with lower glycogen content. Histological 
examination showed that our HCC patients have less 
aggressive phenotypes. It is hypothesized that the 
reduction of glycogen content in HCC may, therefore, 
be associated with the appearance of Warburg type of 
glycolysis. Non-invasive monitoring of the glycogen 
content of the liver might serve as a basis for 
predicting the development of HCC. Unfortunately, 
such an approach is currently not available.

In summary, this study described the two patients with 
HCC and T2DM, both of whom experienced marked 
changes in glycogen content in HCC tissues and 
background liver parenchyma. These studies in larger 
numbers of patients are needed to clarify a possible 
relationship between the changes in hepatocellular 
glycogen content and the development of HCC in 
diabetic patients with steatohepatitis.
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