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Abstract
BACKGROUND
Nonalcoholic steatohepatitis-related cirrhosis is one of the liver complications in
type 2 diabetes mellitus (T2DM) and reported to be a risk factor for developing
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hepatocellular carcinoma (HCC). A reliable screening biomarker of liver cirrhosis
(LC) and HCC among T2DM patients is important to reduce the morbidity and
mortality of this disease. MicroRNA (miRNA) is considered a key player in HCC
and T2DM, and it might be a hidden culprit in diabetes-associated HCC, making
it a promising reliable prognostic tool.

AIM
To investigate the signature of serum miRNAs as early biomarkers for the
screening of HCC among diabetic patients.

METHODS
Expression profiles of miRNAs in serum samples of diabetic LC and diabetic
HCC patients were assessed using Illumina sequencing; then, RT-qPCR was used
to validate significantly altered miRNAs between the two groups. Candidate
miRNAs were tested in serum samples of 200 T2DM patients, 270 LC patients,
200 HCC patients, and 225 healthy control subjects. Additionally, receiver
operating characteristic (ROC) analysis, with area under the curve (AUC), was
performed to assess the diagnostic performance of the screened miRNAs for
discriminating HCC from LC and nonmalignant patients (LC + T2DM).

RESULTS
Expression of the sequenced miRNAs in serum was different in HCC vs LC-
positive T2DM patients. Two miRNAs (miR-34a, miR-221) were significantly up-
regulated and five miRNAs (miR-16, miR-23-3p, miR-122-5p, miR-198, miR-199a-
3p) were significantly down-regulated in HCC compared to LC patients. Analysis
of ROC curve demonstrated that the combination of these seven miRNAs can be
used as a reliable biomarker for detection of HCC in diabetic patients, as it could
identify HCC with high diagnostic accuracy in diabetic LC patients (AUC =
0.993) and in diabetic nonmalignant patients (AUC = 0.961).

CONCLUSION
This study validates a panel of serum miRNAs that can be used as a reliable
noninvasive screening biomarker of HCC among T2DM cirrhotic and
noncirrhotic patients. The study recommends further research to shed light on a
possible role of c-Met in T2DM-associated HCC via the miRNA regulatory
pathway.

Key words: MicroRNA; Hepatocellular carcinoma; Type 2 diabetes; Nonalcoholic fatty
liver disease

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The identification of high-sensitivity biomarkers for detection of he-patocellular
carcinoma (HCC) in high-risk individuals is essential. The present study was undertaken
to identify and validate serum microRNAs as potential biomarkers for HCC among type
2 diabetes patients.
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INTRODUCTION
The incidence of many progressive cancers among diabetic patients especially type 2
diabetes  mellitus  (T2DM)  is  rapidly  growing  worldwide,  including  that  of
hepatocellular carcinoma (HCC)[1]. The chief etiologies for liver cirrhosis (LC) and
HCC  in  diabetic  patients  include  chronic  hepatitis  B  and  C,  nonalcoholic
steatohepatitis (NASH), and alcoholic liver disease. Nonalcoholic fatty liver disease
(NAFLD) is a condition commonly occurring among diabetic patients, due to insulin
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resistance. It has been demonstrated by many studies to be a cause of liver fibrosis
and cirrhosis, thereby increasing the risk of HCC. Consequently, some researchers
tend  to  advocate  the  presence  of  a  relation  between  diabetes  and  the  risk  of
developing HCC.

In a study by Huang et al[2], a significant relation was found between diabetes and
HCC, even after optimized conditions for uncovering reverse causation and bias,
which might indicate the presence of a clinically important and influential connection.
Moreover, many observational researches have correlated T2DM with the decreased
overall  survival  rate among patients with HCC[3].  Not only that,  but some meta-
analyses  refer  to  a  possible  effect  of  certain  treatment  modalities  of  T2DM like
metformin  in  lowering  the  risk  of  HCC  and  even  positively  affecting  HCC
prognosis[4]. On the other hand, treatments like insulin or sulphonylureas might be
related to higher risk of HCC[3].

The fundamental biological mechanisms relating HCC and T2DM are intricate,
reflecting  a  close  interconnection  between  obesity,  T2DM  and  NAFLD.  These
conditions  are  known  to  induce  hepatic/systemic  resistance  to  insulin,  which
consequently  leads  to  release  of  pro-oxidant  molecules  and  pro-inflammatory
cytokines that have a potential role in HCC occurrence and progression[2].

While great efforts are made daily to control diabetes complications, the issue of
HCC as a possible diabetes-associated disease with poor prognosis has not yet been
sufficiently tackled. Early diagnosis of HCC in diabetic patients and timely treatment
can greatly improve life expectancy and reduce mortality. However, not more than
40% of all HCC patients are responsive to the available treatment modalities, partially
due  to  lack  of  biomarkers  for  early  recognition  of  the  disease  with  its  clinical
repercussions[5].  Thus,  discovering  new  tumor  biomarkers  for  HCC  with  high
specificity and sensitivity is mandatory.

MicroRNAs  (miRNAs)  are  noncoding,  regulatory  small  RNA  sequences  that
inversely modulate expression of their target genes[6,7]. Apart from being involved in
several  biological  functions  like  cell  apoptosis,  differentiation and proliferation,
miRNAs play a  vital  role  in the occurrence and progression of  various diseases,
including diabetes and HCC[3,8]. Evidence has shown that miRNAs are differentially
expressed by normal tissue compared to adjacent tumor tissue and have a possible
dual function as either tumor suppressors or oncomirs, depending on the cellular
needs[9,10]. MiRNAs are tissue specific and are stable in plasma or serum even after
being subjected to unstable conditions like low pH or extreme temperature, which
strengthens  their  role  as  possible  reliable  noninvasive  biomarkers  in  disease
diagnosis[8,11-15].

Considering the different alterations in miRNA expression occurring in diabetes,
numerous miRNAs would theoretically qualify as reliable target biomarkers for better
prognosis and treatment of diabetes[16].  For most researchers,  it  has been hard to
specifically target a very small cell population like the pancreatic β-cells, so they have
expanded their focus to include miRNAs’ alterations in other insulin-targeted organs,
like the liver[17].

This study’s aim was to perform profiling of miRNAs by high-throughput small
RNA sequencing in order to identify a panel of miRNAs that can act as efficient
screening biomarkers  for  distinguishing T2DM patients  who are  at  high risk  of
developing HCC.

MATERIALS AND METHODS

Patient/sample inclusion criteria
A total of 200 diabetic patients with nonviral HCC (HCC group), 270 diabetic patients
with nonviral LC (LC group), 200 T2DM patients (T2DM group) without liver disease
(persistently normal liver profile parameters for at least 6 mo and no cirrhosis by
ultrasound examination) and 225 healthy control subjects were enrolled. All were
recruited from the Medical  Research Institute  (Alexandria,  Egypt)  and National
Hepatology  and Tropical  Medicine  Research  Institute  (Cairo,  Egypt).  HCC was
diagnosed according to the practice guidelines of the American Association for the
Study of Liver Diseases[18] and staged according to the Barcelona Clinic Liver Cancer
(BCLC) system[19].  LC was diagnosed by abdominal ultrasonography examination
combined with laboratory investigations of liver profile parameters, with or without
liver biopsy (according to patient’s consent).

Only patients with F4-fibrosis stage, i.e., cirrhosis (by ultrasound-based transient
elastography, with a cut-off value of 12.2 kPa for diagnosing F4-fibrosis stage)[20], were
enrolled, for homogeneity of the study population. Active hepatitis C virus (HCV)
and hepatitis B virus (HBV) infections were excluded by screening for serum HCV
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antibodies and hepatitis B surface antigen, respectively, and confirmed by real-time
PCR whenever necessary (to exclude the potential carcinogenic effect of HBV and
HCV). Diabetics were chosen with T2DM, while type 1, gestational, drug-induced and
postorgan transplantation diabetics were excluded. Healthy volunteers were chosen
according to normal ultrasound image of the liver, normal liver profile parameters,
and no history of HCV, diabetes or cancer, to serve as healthy controls.

The study was approved by the ethics committees of the Medical Research Institute
and National  Hepatology and Tropical  Medicine  Research  Institute,  and all  the
patients were required to sign the informed consent form.

Clinical aspects and study design
As a preliminary step,  pools of  serum samples from 10 LC patients and 10 HCC
patients, respectively, were subjected to Illumina sequencing to detect miRNAs that
were expressed differently among the two groups (as the control step). The samples
were  subsequently  analyzed  by  RT-qPCR  assay  to  confirm  each  miRNA  as  a
biomarker.  The analysis was performed in two stages.  In the first  stage,  50 HCC
patients and 50 LC patients were set as the first round validation groups. Then, the
miRNAs that were identified as significantly different between the two groups were
tested by RT-qPCR in each of the serum samples from the whole study population
(200 HCC patients, 270 LC patients, 200 T2DM and 225 healthy controls).

Extraction of miRNA and Illumina sequencing
Blood samples were drawn from HCC patients. RNA extraction was performed by
miRNeasy Kit (Qiagen, Hilden, Germany), according to the manufacturer’s protocol.
The resultant product was quantified using the Nanoquant Infinite M200 Microplate
Reader (Tecan, Männedorf, Switzerland).

Total miRNA was isolated through polyacrylamide gel electrophoresis purification
after  a  pair  of  adaptors  was ligated to their  3’  and 5’  ends.  Amplification of  the
miRNA (21 cycles) was performed, followed by isolation and gel purification of the
fragments around 90 bp to prepare the yield for Illumina HiSeq 2500 sequencing
analysis,  according  to  the  manufacturer’s  instructions.  Finally,  data  were
computationally analyzed.

Quantification of miRNAs by RT-qPCR analysis
RT-qPCR was used to validate the sequencing of uncovered related miRNAs. Reverse
transcription  for  miRNA  was  carried  out  by  a  TaqMan  MicroRNA  Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, United States) according to
the manufacturer’s protocol (16 °C for 30 min, 42 °C for 30 min, and 85 °C for 5 min)
to create a miRNA cDNA library. PCR was then performed by the Roche 480 Light
Cycler Real Time PCR System (Basel, Switzerland) using a TaqMan MicroRNA assay
(Applied Biosystems) under the following conditions: 95 °C/10 min, 40 cycles of 95
°C/15 s, and 60 °C/1 min. Cel-miRNA-39 served as an external control. Expression of
miRNA was assessed through the 2(-ΔΔCt)  equation, where cel-miRNA-39 Ct value
above 30 was set as an exclusion criterion[20,21].

Statistical analysis
The quantitative data were presented as mean ± standard deviation. Kolmogorov-
Smirnov normality test was used for checking all continuous variables to show their
distributions. The unpaired Student’s t-test and analysis of variance (ANOVA) test
were used to compare the continuous variables data with normal distribution, while
those with abnormal distribution were compared using the Mann-Whitney U test and
ANOVA. The chi-square test was used for categorical variables. Finally, to establish
the correlation between the validated miRNAs, Pearson’s correlation coefficient was
calculated.  Receiver  operating characteristic  (ROC) analysis  was performed and
curves were constructed;  area under the curve (AUC) values were assessed and
studied  to  evaluate  the  accuracy  of  individual  and  combined  miRNAs  in
discriminating between HCC and controls as described[22,23]. P values below 0.05 were
considered statistically significant. Statistical calculations were performed using SPSS
16.0 (IBM Corp., Armonk, NY, United States).

The statistical methods of this study were reviewed by the statistical review boards
of the Medical Research Institute (Alexandria,  Egypt) and the National Research
Centre (Cairo, Egypt).

RESULTS

Clinical and pathological aspects of recruited patients
Initially,  samples  from  10  LC  and  10  HCC  patients  were  subjected  to  Illumina
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sequencing to detect miRNAs differentially expressed among the two groups (as the
control step). Data of these patients are shown in Table 1. The result was confirmed
through first confirmation analysis in 50 LC and 50 HCC patients. Further information
about these patients are shown in Table 2. Statistical analysis showed no significant
differences in sex, age, liver profile parameters and complete blood picture between
the two groups. On the other hand, alpha-fetoprotein (AFP) level was significantly
higher in HCC compared to LC patients (P < 0.005). A second confirmation analysis
was performed on samples from 270 LC, 200 HCC, 200 T2DM, and 225 healthy control
subjects. Statistical analysis of the clinical and routine laboratory characteristics of
these groups showed significant differences in AST, ALT, AFP and total bilirubin (P <
0.001, for each). With liver disease progression (beginning from normal liver, through
LC, and up to HCC), levels of albumin, hemoglobin, and platelet count tending to
decrease among the studied groups (P < 0.001, for each). The imaging characteristics,
routine laboratory, pathological and clinical data of the studied groups are shown in
Tables 3 and 4.

Serum miRNA sequencing profile
Comparison  of  the  sum  of  17784320  clean  sequencing  reads  (60.8%)  out  of  the
29233450 total reads in the diabetic-LC samples with the 21650404 clean sequencing
reads (72.5%) out of the 29867922 total reads in the diabetic-HCC samples (Table 5)
showed on Length Distribution Analysis that most reads were distributed around 22
nucleotides, as shown in Table 5 and Figure 1.

MiRBase database (release 22.1)[24] was used to identify known miRNAs, and 718
miRNAs were identified in LC patients while 1123 miRNAs were identified in HCC
patients. Our criteria for considering differential expression among miRNAs were the
following: Not less than 500 copies detected by sequencing in any recruited sample,
and the miRNA showing ± 1.5 log2 fold difference between the compared groups of
patients. Depending on these criteria, seven miRNAs were considered as possible
miRNA candidates (Tables 6 and 7).

Uncovering the miRNA signature by RT-qPCR
RT-qPCR assay was used to validate candidate miRNAs’ expression. The results of
the first-round confirmation analysis (50 LC vs 50 HCC patients) demonstrating the
fold change in expression quantities of candidate miRNAs displayed as (2-ΔΔCT) and
considering cel-miRNA-39 as external control are shown in Table 7. A panel of seven
miRNAs was found to be expressed differentially between the two groups (P ≤ 0.001,
for all).  On one hand, miR-16, miR-23-3p, miR-122-5p, miR-198, and miR-199a-3p
were decreased significantly, while on the other hand miRNA-221 and miRNA-34
were increased significantly in the HCC group compared to the LC group.

In the second confirmation analysis round, these seven miRNAs were quantified in
all three patient groups (T2DM, LC and HCC patients) as well as the normal control
group. MiRNA-16, miRNA-23b-3p, miRNA-34a, miRNA-199a-3p, and miRNA-221
were found to be up-regulated significantly in T2DM patients vs controls; meanwhile,
miRNA-122-5p and miRNA-198 were found to be significantly down-regulated in
T2DM patients vs controls. On the other hand, miR-16, miRNA-23b-3p, miRNA-34a,
miRNA-198,  miRNA-122-5p and miRNA-199a-3p levels were found to be down-
regulated significantly in LC patients compared to T2DM patients.  The levels  of
miRNA-16, miRNA-23b-3p, miRNA-122-5p, miRNA-198 and miRNA-199a-3p were
all found to be significantly decreased in HCC patients vs LC patients, T2DM patients,
and healthy controls. The levels of miRNA-16, miRNA-199a-3p, miRNA-221, miRNA-
23b-3p and miRNA-34a  were  found to  be  up-regulated  significantly  in  diabetic
patients and down-regulated in LC patients. Finally, in HCC patients, the levels of
miRNA-221  and  miRNA-34a  were  found  to  be  up-regulated  significantly,  as
compared to LC patients.

Signature of candidate miRNAs throughout diabetic-HCC progression
ROC analysis uncovered the reliability of the studied miRNAs for discriminating
HCC from diabetic-LC with significant P value below 0.001, narrow boundaries of
95% confidence interval (CI), and AUC of 0.864, 0.689, 0.789, 0.791, 0.843, 0.802 and
0.780  for  miRNA-16,  miRNA-23b-3p,  miRNA-34a,  miRNA-198,  miRNA-199a-3p,
miRNA-122-5p and miRNA-221, respectively (Figure 2). For HCC discrimination from
nonmalignant  diabetic  patients  (T2DM  and  LC),  the  P  values  demonstrated  a
significant relation with narrow boundaries of 95%CI and AUCs of 0.897, 0.792, 0.761,
0.798, 0.901, 0.782 and 0.793 for miRNA-16, miRNA-23b-3p, miRNA-34a, miRNA-198,
miRNA-199a-3p, miRNA-122-5p and miRNA-221, respectively (Figure 3).

AUC of the combined panel of miRNAs for discriminating HCC patients from
diabetic-LC patients reached 0.993 (95%CI, P < 0.001) and for discriminating HCC
from nonmalignant diabetic patients (T2DM and LC) reached 0.961 (95%CI, P < 0.001),
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Table 1  Clinical and laboratory aspects of the recruited patients for Illumina sequencing in the profiling study

Sex Age in yr AST in IU/L ALT in IU/L Total bilirubin in
mg/dL AFP in ng/mL Albumin in

g/dL
Hemoglobin in
g/dL BCLC score

HCC patients

1 Male 65 50.51 33.7 5.18 50.8 3.12 11.3 A

2 Male 55 38.9 44.29 1.92 17.8 3.03 12.2 A

3 Male 57 126.8 194.3 1.91 42.1 2.41 10.4 B

4 Female 59 31.42 26.56 1.38 25.82 2.63 9.4 B

5 Female 57 103.62 39.82 1.95 27.47 2.94 9.6 B

6 Male 57 39.5 43.19 1.81 15.8 2.96 10.2 A

7 Female 53 102.32 37.52 1.94 26.98 2.23 11.1 B

8 Female 60 28.62 21.77 1.2 2365 2.76 9.1 B

9 Male 57 137.9 204.3 1.71 41.7 2.43 10.0 B

10 Male 61 51.38 35.2 5.07 52.1 3.11 111.3 A

LC patients

1 Male 61 39.4 18.8 1.58 26 3.23 9.0

2 Female 59 36.8 59.7 1.51 43 3.45 10.6

3 Female 55 34.9 58.2 1.49 40.9 3.01 10.8

4 Female 52 50.1 52.3 1.58 32.9 2.54 9.2

5 Male 63 78.5 30.9 4.99 7.2 2.46 10.4

6 Female 57 51.6 55.5 1.69 33 2.25 10.5

7 Male 62 77.7 31.7 5.06 7.6 3.75 9.6

8 Male 59 95.4 74.3 1.22 3.6 2.78 10.3

9 Male 53 93.1 71.9 1.19 3.5 2.33 11.2

10 Male 60 38.9 18.2 1.53 25.9 2.54 10.9

AFP: Alpha-fetoprotein; ALT: Alanine amino transferase; AST: Aspartate amino transferase; BCLC: Barcelona clinic liver cancer; HCC: Hepatocellular
carcinoma; LC: Liver cirrhosis.

as shown in Figure 4.

Testing the efficacy of studied miRNAs in diagnosis
ROC analysis for studied miRNAs proved to be useful in sorting out HCC patients
from diabetic nonmalignant patients (T2DM and LC). All candidate miRNAs showed
significant difference (P < 0.0001, 95%CI, AUC value of 0.897, 0.792, 0.761, 0.798, 0.901,
0.782 and 0.793 for miRNA-16, miRNA-23b-3p, miRNA-34a, miR-198, miRNA-199a-
3p, miRNA-122-5p, and miRNA-221, respectively), as shown in Figure 3.

Furthermore, the candidate miRNAs demonstrated differential expression between
HCC  and  LC  groups,  the  latter  being  the  group  of  patients  at  highest  risk  of
developing HCC. ROC analysis of candidate miRNAs in LC vs HCC demonstrated
AUC values as follows: 0.864, 0.689, 0.789, 0.791, 0.843, 0.802 and 0.780 for miRNA-16,
miRNA-23b-3p, miRNA-34a, miR-198, miRNA-199a-3p, miRNA-122-5p and miRNA-
221, respectively, as shown in Figure 2. The specificity, accuracy and sensitivity for
each individual miRNA were examined for their ability to discriminate diagnostically,
HCC from cirrhotic patients and/or normal healthy controls (Table 8).

AUC analysis comparison between AFP and miRNAs panel
AFP as standard discriminator between nonmalignant and HCC individuals was
assessed in the study groups, revealing an AUC value of 0.931 in discriminating HCC
from LC and AUC of 0.952 in discriminating HCC from nonmalignant individuals,
using a cut-off value of more than 200 ng/mL; the cut-off value for the validated
panel was 40 ng/mL. A comparative analysis of AUC for miRNAs panel against AUC
for AFP was done, finding no significant difference between them, as shown in Figure
5.

Candidate miRNAs’ correlation with clinical HCC aspects
A strong correlation was found between miRNA-199a-3b and portal  vein tumor
thrombosis, which is a feature reflecting poor prognosis of HCC patients due to intra-
hepatic metastasis via the portal vein route. In addition, focal lesion size significantly
correlated with miRNA-23b-3p and 34a (P = 0.0008 and P ≤ 0.05, respectively). Finally,
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Table 2  Clinical and laboratory aspects of the first confirmation analysis recruited patients

Parameter LC, n = 50 HCC, n = 50 P value

Age in yr 55.63 ± 7.69 58.65 ± 8.97 NS

Male sex 66% 66% NS

ALT in IU/L 76.98 ± 65.83 78.53 ± 43.19 NS

AST in IU/L 69.17 ± 63.36 62.78 ± 43.32 NS

Total bilirubin in mg/dL 2.53 ± 1.94 2.79 ± 1.78 NS

Albumin in g/dL 2.59 ± 1.47 2.45 ± 1.62 NS

ALP in IU/L 134.6 ± 83.5 103.18 ± 37.5 NS

Creatinine in mg/dL 0.98 ± 0.3 1.38 ± 0.87 NS

Hemoglobin in g/dL 11.42 ± 1.23 11.35 ± 1.68 NS

AFP in ng/mL 27.56 ± 41.23 165.49 ± 214.56 < 0.005

Platelet count as × 103/µL 96.7 ± 51.6 149.7 ± 129.3 < 0.005

Leukocyte count as × 103/µL 6.98 ± 2.98 7.61 ± 4.3 < 0.005

BCLC stage, n (%)

A 20 (40)

B 26 (52)

C 4 (8)

Data are presented as mean ± standard deviation. Clinical data was analyzed by analysis of variance analysis.
Results were considered to be statistically significant if P < 0.05. AFP: Alpha-fetoprotein; ALP: Alkaline
phosphatase; ALT: Alanine amino transferase; AST: Aspartate amino transferase; BCLC: Barcelona clinic liver
cancer; HCC: Hepatocellular carcinoma; LC: Liver cirrhosis.

miRNA-23b-3p correlated significantly to the number of  focal  lesions and BCLC
staging (P ≤ 0.0001 for both).

Serum miRNAs’ intercorrelation in the HCC study group
In diabetic HCC patients, miR-221 significantly correlated with miR-122-5p (r = 0.372,
P = 0.003), miR-199a-3p (r = 0.381, P = 0.002), miR-198 (r = 0.365, P = 0.004), miR-34a (r
= 0.392, P ≤ 0.001) and miR-23b-3p (r = 0.415, P = 0.008). MiR-34a demonstrated a
correlation with miR-16 (r = 0.350, P = 0.003), miR-23b-3p (r = 0.429, P = 0.005), miR-
198 (r = 0.450, P ≤ 0.001) and miR-122-5p (r = 0.421, P = 0.003). Additionally, miR-122-
5p correlated with miR-23b-3p (r = 0.377, P ≤ 0.001) and with miR-199a-3p (r = 0.519, P
= 0.001). Finally, miR-16 showed correlations with both miR-23b-3p and miR-198 (r =
0.682, P ≤ 0.001 and r = 0.587, P = 0.001, respectively) (Table 9).

Relationship between circulating miRNAs and T2DM-related parameters
A preliminary pilot study classifying patients according to type of diabetes treatment
(i.e., treatment-naïve, metformin, insulin, or combined metformin plus insulin) was
carried out. The result showed no significant effect of T2DM treatment regimen on the
current  miRNA  panel  expression  compared  to  noncategorized  assay  (data  not
shown).  We also  compared groups  according  to  T2DM-related  parameters.  The
relationship  between  levels  of  candidate  circulating  miRNAs  and  the  insulin
sensitivity/resistance of liver determined by linear regression methods was adjusted
by sex, age, triglycerides, high density lipoprotein, and body mass index. Results
agreed  that  the  hepatic  insulin  resistance  index  related  significantly  with  all
circulating miRNAs. Moreover, fasting glucose level was found to be correlated with
miR-16,  miR-122-5p,  miR-199a-3p,  miR-23b-3p and miR-34a  level,  while  HbA1c
seemed to be correlated with miR-16, miR-221, miR-23b-3p and miR-34 (Table 10).
Also, miR-221 showed a tight correlation with triglycerides, while miR-16 showed
correlation to both triglycerides and high density lipoprotein (r = -0.28 and r = 0.22,
respectively).

DISCUSSION
NASH-related cirrhosis is a common liver complication in diabetics, and is reported to
be a risk factor of developing HCC. Therefore, early reliable screening of LC and HCC
among these patients is important to reduce the morbidity and possible mortality
from  this  disease [25].  Advanced  imaging  modalities  like  triphasic  computed
tomography  scan  and/or  liver  biopsy  are  the  current  principal  tools  for  HCC
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Table 3  Clinical and laboratory aspects of the second confirmation analysis recruited patients

Parameter Healthy, n = 225 T2DM, n = 200 LC, n = 270 HCC, n = 200 P value

Age in yr 49.92 ± 7.14 53.68 ± 9.48 57.18 ± 7.30 56.23 ± 8.14 0.26

ALP in IU/L 64.2 ± 20.8 134.3 ± 36.9 103.18 ± 37.5 134.6 ± 83.5 < 0.0001

ALT in IU/L 30.2 ± 15.6 58 ± 18 31.8 ± 21.08 206.8 ± 133.31 0.001

AST in IU/L 28.6 ± 10.3 52.1 ± 18.0 58.18 ± 41.6 447.07 ± 249.90 < 0.0001

Bilirubin, total in mg/dL 0.6 ± 0.2 0.39 ± 0.19 4.64 ± 7.90 8.39 ± 8.83 < 0.0009

Bilirubin, direct in mg/dL 0.2 ± 0.1 0.86 ± 0.28 2.98 ± 6.5 6.36 ± 7.8 < 0.0001

Albumin in g/dL 4.3 ± 1.2 4.01 ± 0.57 2.53 ± 0.49 2.33 ± 0.39 < 0.0001

Hemoglobin in g/dL 11.9 ± 2.1 11.81 ± 4.2 9.20 ± 2.41 10.15 ± 1.98 < 0.0001

AFP in ng/mL 9.33 ± 1.82 3.72 ± 1.15 35.56 ± 41.23 267.8 ± 221.9 < 0.0001

Platelet count as × 103/µL 240 ± 97.6 320 ± 68.2 147.9 ± 129.6 97.8 ± 53.6 < 0.0001

leukocyte count as × 103/µL 6.8 ± 2.4 8.6 ± 2.42 6.17 ± 4.1 7.18 ± 3.18 < 0.0001

INR 1.25 ± 0.23 1.43 ± 0.51 1.81 ± 0.52 1.95 ± 0.63 < 0.0001

Creatinine in mg/dL 0.7 ± 0.2 0.98 ± 0.31 0.99 ± 0.25 1.41 ± 0.78 < 0.0001

GGT in U/L 12.0 ± 3.0 33.0 ± 12.8 41.54 ± 25.6 51.38 ± 32.86 < 0.0001

BUN in mg/dL 29.2 ± 3.4 70.0 ± 20.3 39.9 ± 28.6 71.54 ± 52.83 < 0.0001

Data are presented as mean ± standard deviation. Clinical data was analyzed by analysis of variance analysis. A result was considered to be statistically
significant if P < 0.05. AFP: Alpha-fetoprotein; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Blood
urea nitrogen; HCC: Hepatocellular carcinoma; INR: International normalized ratio; LC: Liver cirrhosis; T2DM: Type 2 diabetes patients.

diagnosis. In spite of being relatively efficient tools, biopsy is known to increase the
risk of tumor cell seeding along the needle track[26] and imaging techniques might be
unable to discriminate malignant from benign tumors[27]. Thus, a reliable biomarker
that can efficiently identify HCC is urgently needed.

In view of the intricate association between T2DM and HCC, some miRNAs could
qualify as reliable HCC diagnostic molecules in diabetes, as several miRNAs have
already been shown to be significantly dysregulated in the diabetic liver and in other
insulin targeted cells.  Indeed, this finding attracted the attention of our research
group to validate a possible miRNA signature for T2DM-associated HCC.

MiRNAs, which are integral components of gene regulation networks controlling
tumorigenesis are stably maintained in various biological fluids, including human
serum/plasma[14,15]. The amounts of expressed miRNAs reflect the pathological and
physiological conditions of the human body; as such, many circulating miRNAs have
been approved as candidate blood biomarkers for prognosis and diagnosis of various
cancers[11].  In  the  current  study,  small  RNA  sequencing  was  used  as  the  initial
screening step, followed by RT-qPCR-based validation steps to discover miRNAs
specific for T2DM-associated HCC. The current miRNA profiling analysis of the sera
of diabetic-LC patients and diabetic-HCC patients identified several miRNAs with
variable  expression  patterns.  The  further  validation  analysis  confirmed  seven
miRNAs (miRNA-16,  miRNA-23b-3p,  miRNA-34a,  miRNA-122-5p,  miRNA- 198,
miRNA-199a-3p and miRNA-221) which were differentially expressed in the serum of
diabetic-HCC vs diabetic-LC patients, verifying these miRNAs as reliable surrogate
biomarkers of HCC.

The  miRNA-122  family  constitutes  around  72%  of  total  human  liver-related
miRNAs[28], making it one of the most disease-dysregulated miRNAs. This family also
plays a critical  role in regulating cholesterol  and lipid metabolism, being tightly
related to both risk of progression and susceptibility to metabolic syndrome and T2D
in the general population[29]. Additionally, it plays a role in maintenance of liver cell
integrity by serving as a tumor suppressor against HCC development via multiple
target  genes,  such  as  Bcl-w  (an  anti-apoptotic  gene) [30],  metalloprotease  17
(ADAM17)[31], and cyclin G1 (CCGN1)[32]. It also regulates insulin resistance-related
NAFLD[33]. However, some studies have demonstrated that miRNA-122 expression is
down-regulated in HCC tumor tissues[32], while others have shown its serum level as
up-regulated significantly in HCC patients compared to LC patients and healthy
controls[34-37]. These contradictory findings have led some authors to hypothesize that
the low level of miRNA-122 in tumor hepatic tissues might actually be due to its
increased release in blood[37,38].  We found, in this  study,  that  miRNA-122-5p was
down-regulated significantly in the serum of our T2DM patients, as compared to
controls, and that the serum level of miRNA-122-5p was significantly down-regulated
in our diabetic HCC patients compared to nonmalignant diabetic patients or healthy
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Table 4  Imaging characteristics of hepatocellular carcinoma cases

Variable n (%)

Size in cm, mean ± SD (range) 7.41 ± 3.137 (3.2-14)

Portal vein tumor thrombosis Yes 35 (17.5)

No 165 (82.5)

Number of focal lesions Single 25 (12.5)

Multiple 175 (87.5)

Site of focal lesions Right lobe 112 (56.0)

Left lobe 60 (30.0)

Both lobes 28 (14.0)

BCLC stage A 25 (12.5)

B 81 (40.5)

C 94 (47.0)

BCLC: Barcelona clinic liver cancer; HCC: Hepatocellular carcinoma; SD: Standard deviation.

controls. Thus, the current study’s findings confirm the signature/role of miRNA-122
as a diagnostic marker for detecting HCC in an LC group as well as in T2DM patients.

MiRNA-23b-3p has been reported by others to modulate neuropathic pain and
cellular memory of high glucose in diabetic nephropathy patients[39]. Additionally,
miRNA-23b-3p serves as a tumor suppressor of HCC migration and invasion by
targeting Pyk2 by regulating epithelial-mesenchymal transition, which makes it a
possible target for HCC treatment[40]. In addition, the plasma exosomal miR-23b-3p
has  been  reported  as  being  a  promising  noninvasive  prognostic  biomarker  for
nonsmall cell lung carcinoma in patients[41]. In HCC tissue, miRNA-23b-3p has been
demonstrated  to  be  abnormally  down-regulated,  in  contrast  to  the  adjacent
noncancerous liver tissue[42].  In agreement with this reported down-regulation in
tissue expression, our study found that serum levels of miRNA-23b-3p were also
significantly  down-regulated  in  our  HCC  patients  compared  to  our  LC,  T2DM
patients and healthy controls, suggesting that serum miRNA-23b-3p could be a novel
reliable noninvasive biomarker for T2DM-associated HCC diagnosis and a possible
therapeutic target due to its dual regulatory role for the receptor tyrosine kinase gene
and c-Met (Figure 6).

In the present study, levels of serum miRNA-221 were found to be significantly up-
regulated in HCC vs LC, T2DM patients and healthy controls. In HCC tissue, miRNA-
221 has been shown by other research studies to be abnormally up-regulated and to
possibly act as a tumor driver oncomir in HCC development via inhibition of caspase-
3 mediated apoptosis[43]  as well as by targeting multiple target genes, like nuclear
factor-kB and CD44 (among others)[44], and promoting cell migration, invasion and
proliferation by affecting the phosphatase and tensin homolog PTEN protein and the
tissue inhibitor of metalloproteinases 3 TIMP3 protein[45]. Furthermore, kinases[46] and
c-Met [45]  have  been  reported  to  up-regulate  miRNA-221  expression  via  Jun
transcriptional activation in lung cancer.

The  miRNA-34  family,  including  miRNA-34a,  has  been  demonstrated  to  be
commonly silenced in a diverse range of tumor types, emphasizing the role of these
miRNAs in tumorigenesis, according to Giglio et al[47]. In fact, miRNA-34a has been
shown to modulate cell invasion, proliferation and glucose metabolism, in an HCC
cell  line[16].  These  results  are  in  accordance  with  our  finding  that  miRNA34a
significantly correlated with tumor size and number of focal lesions in our diabetic
HCC  patients.  The  suggested  mechanism  behind  this  finding  involves  miR34a
negatively controlling expression of lactate dehydrogenase A (referred to as LDHA),
which consequently inhibits LDHAdependent glucose uptake in the liver, in addition
to HCC invasion and proliferation[16]. Our findings are also in agreement with those
from a recent study by Zhang et al[16], which suggested the negative regulatory role of
miRNA34a on glucose metabolism and its ability to act as a novel biomarker for HCC
prognosis. Another mechanism suggested by Li et al[48] in brain tumor and glioma
involves miRNA-34a inhibition of cell  proliferation,  invasion and tumorigenesis,
whereas c-Met up-regulation has been shown to partially reverse the cell cycle arrest
and cell death induced by miRNA-34a, so miRNA-34a is up-regulated to modulate
the phosphorylation signal cascade of kinases and c-Met[49]. This possible mechanism
needs  to  be  validated  in  cases  of  diabetic  HCC.  A  third  suggested  molecular
mechanism of miRNA-34a involves its ability to inhibit HCC cell growth by targeting
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Figure 1

Figure 1  Length distribution analysis of sequencing data.

the histone deacetylase 1 HDAC1 protein[50], the special AT-rich sequence-binding
protein 2 SATB2 protein[51] and the cell cycle-dependent proteins (including p53), in
addition to regulating protein output in a HepG2 cell line[52].

The miRNA-199 family is  the third most  abundant miRNA family in the liver
tissue[53],  with  its  member,  miRNA-199a-3p,  being  known  to  serve  as  a  tumor
suppressor miRNA during hepatocarcinogenesis. In HCC patients, low-level miRNA-
199a-3p has been reported to be present in both tissue and serum[53]. Consistent with
these findings, the results of the current study demonstrated a significant down-
regulation of serum miRNA-199a-3p levels in HCC patients compared to all other
groups. Conversely, miRNA-199a-3p has been shown to be up-regulated in diabetic
patients vs  healthy subjects, being mostly correlated to diabetes-associated organ
complications[54].  Likewise, our study demonstrated a significant up-regulation of
serum miRNA-199a-3p in  our  T2DM patients  compared to  our  healthy controls,
whereas there was a sharp down-regulation observed in our LC and HCC patients
compared to our diabetic group. In comparison, Kim et  al[55]  and Migloire et  al[49]

demonstrated that miRNA-199a-3p inhibits not only tumor proliferation but also its
invasive capabilities and motility by down-regulating both c-Met and its downstream
effector ERK2.

In the present study, we found serum levels of miR-198 to be significantly down-
regulated in HCC patient samples compared to nonmalignant samples. In addition,
down-regulation in T2DM was demonstrated when compared to the healthy group.
Similar  results  were  reported  in  nondiabetic  patients  by  Huang  et  al[56],  who
demonstrated lower levels of miRNA-198 in HCC tissue compared to nonmalignant
adjacent  tissue.  MiRNA-198  acts  by  suppression  of  motogenic  and  mitogenic
pathways that diminish cell growth and migration[57]. As such, a possible mechanism
that might modulate HCC progression in T2DM patient involves targeting of the c-
Met/human growth factor signaling pathway, including the mTOR kinase, other
kinases and STAT3, which play dual roles in both diabetes-related complications and
HCC  progression.  MiRNA-198  is  also  known  to  directly  target  c-Met  on  its  3'
untranslated region, leading to its overexpression, diminished human growth factor-
induced  phosphorylation  of  kinases,  and,  consequently,  inhibition  of  HCC  cell
migration and invasion via a c-Met-dependent pathway[47].

MiRNA-16 is one of the tumor suppressive miRNAs that has been reported to act
via several cell cycle tumorigeneses-incorporated pathways. For example, BCL-2 was
found to be negatively regulated by miRNA-16, so that silencing of miRNA-16 leads
to uncontrolled expression of BCL-2, leading to inhibition of apoptosis[58]. Our results
demonstrated  an  elevated  level  of  miRNA-16  in  diabetic  patients  compared  to
controls, which is in accordance with findings by Bork-Jensen et al[59] of a significantly
higher expression of miRNA-16 in T2DM vs  type 1 diabetes mellitus, with a tight
correlation to glucose/insulin homeostasis. The current study revealed a significant
miRNA-16 elevation in T2DM compared to controls, followed by significant down-
regulation in our LC and HCC patients. These findings suggest a significant role of
this miRNA signature in diabetic HCC patients compared to nondiabetic patients. At
this point, we might again suggest a potential role of c-Met and kinases as possible
key targets of and regulators for miRNA-16.
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Table 5  Illumina output sequencing data

Sample LC HCC

Total raw reads 29233450 29867922

Total raw bases 1461672500 1493396100

Total clean reads 17784320 21650404

Total clean bases 432618636 498024958

Clean reads rate, % 60.8 72.5

Low quality reads 10854 1494

Low quality rate, % 0.04 0.01

Without 3p adaptor reads 2626766 1093718

Without 3p adaptor rate, % 8.99 3.7

Without insert reads 984336 14858

Without insert rate, % 3.4 0.05

Poly A/T reads 1335340 6929464

Poly A/T rate, % 4.6 23.2

Ex-length reads 6491834 177984

Ex-length rate, % 22.2 0.6

Raw reads Q20, % 97.3 96.7

Raw reads Q30, % 94.5 95.5

Clean reads Q20, % 97.5 97.4

Clean reads Q30, % 94.6 96.4

HCC: Hepatocellular carcinoma; LC: Liver cirrhosis.

Moreover, when we performed ROC analysis for miR-16, miR-122-5p, miR-198,
miR-199a-3p, miR-221, miR-23b-3p, and miR-34a, the AUC values offered more solid
proof that all seven miRNAs were able to significantly discriminate HCC from LC and
nonmalignant groups. For discriminating HCC from LC, the AUC of miR-16 had the
highest value (0.864), followed by miR-199a-3p (0.843). For discriminating HCC from
nonmalignant patients, the AUC of miR-199a-3p was best (0.901), followed by miR-16
(0.897). Combining the seven miRNAs could efficiently discriminate HCC from LC
(AUC of 0.993) and identify HCC from nonmalignant groups (AUC of 0.961).

To summarize, the current study demonstrated higher levels of serum miRNA-221
and miRNA-34a in HCC patients compared to LC patients, suggesting the roles of
these miRNAs as potential biomarkers for HCC detection among patients at risk.
MiRNA-122-5p and miR-198 were demonstrated to be down-regulated in serum of
HCC and T2DM patients compared to the normal control group, with significant
correlation  between  miRNA-122-5p  and  focal  lesion  size  and  number.  Both
miRNA198 and miRNA-122-5p were already reported to serve as tumor suppressors
in HCC, working by targeting multiple genes and modulating NAFLD, which is a
frequent finding in T2DM[31,57].  This suggests an important diagnostic role of both
miRNAs in  identifying HCC among high-risk  diabetic  LC patients,  who mostly
developed cirrhosis due to NAFLD.

Indeed, the relation between miRNAs and disease in humans, particularly cancers,
has been demonstrated by many researchers shortly after the discovery of miRNA
expression in human cells, in the early 2000s. MiRNA genes were shown to be located
either in intergenic regions (30%) or protein-coding genes (70%)[60], but the majority of
identified  miRNAs  were  found  to  be  located  near  or  inside  the  cancer-related
regions[61]. MiRNA expression signatures have the advantage of not only being both
disease- and tissue-specific but also being relevant to the developmental stage of the
disease[62]. Therefore, their future clinical application might extend to cover cancer
diagnosis,  grading,  staging,  treatment,  prognosis,  and monitoring of therapeutic
response[63,64].

From our study, we conclude that the combined panel of seven miRNAs (miR-16,
miR-122-5p, miR-198, miR-199a-3p, miR-221, miR-23b-3p, and miR-34a) might be
used as a reliable screening biomarker for HCC among diabetic patients with or
without NASH-induced cirrhosis. We recommend further studies to confirm the role
of the current candidate miRNAs. Moreover, we suggest more investigation of the
role of c-Met as an intermediate key player in diabetes-associated HCC.
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Table 6  MicroRNAs selected criteria for inclusion

MiRNA name HCC LC Fold change Log2 fold change P value

hsa-miR-1 0.13 0.32 0.41 -1.29 0.168

hsa-miR-16 0.12 0.43 0.28 -1.84 0.001a

hsa-miR-21 4.21 3.82 1.10 0.14 0.801

hsa-miR-23b-3p 0.27 0.78 0.35 -1.51 0.001a

hsa-miR-26a 0.33 0.51 0.64 -0.64 0.009

hsa-miR-29a 0.54 0.42 1.29 0.37 0.001

hsa-miR-34-a 0.69 0.16 4.31 2.11 0.001a

hsa-miR-98 1.95 1.19 1.63 0.70 0.723

hsa-miR-122-5p 0.12 0.98 0.12 -3.06 0.001a

hsa-miR-125b-5p 0.01 0.05 0.20 -2.32 0.823

hsa-miR-127-3p 0.29 0.78 0.37 -1.43 0.059

hsa-miR-150-5p 2.16 0.78 2.78 1.48 0.071

hsa-miR-185-5p 0.21 0.88 0.24 -2.06 0.083

hsa-miR-198 0.09 0.29 0.31 -1.69 0.001a

hsa-miR-199a-3p 0.08 0.31 0.26 -1.94 0.001a

hsa-miR-221 9.40 3.31 2.84 1.51 0.001a

hsa-miR-224-5p 1.82 0.71 2.56 1.36 0.021

hsa-miR-494-3p 0.98 0.17 5.76 2.53 0.022

hsa-miR-877-5p 1.51 0.78 1.94 0.96 0.231

hsa-miR-4433b-3 1.52 0.45 3.38 1.76 0.072

Expression data is presented as average fold change = (2-ΔΔCT) in the hepatocellular carcinoma group vs the liver cirrhosis group.
aP < 0.005 with ± 1.5 log2 fold expression change. HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; miRNA: MicroRNA.

Table 7  Significant microRNAs expression as average fold change = (2-ΔΔCT) in the liver cirrhosis group vs the hepatocellular carcinoma
group

MiRNA name HCC LC Fold change Log2 fold change P value

hsa-miR-23b-3p 2.44 0.78 0.32 -1.64 0.001a

hsa-miR-34a 1.88 0.16 0.09 -3.47 0.001a

hsa-miR-122-5p 0.34 0.98 0.12 2.87 0.001a

hsa-miR-198 0.88 0.29 0.33 -4.64 0.001a

hsa-miR-199a-3p 1.18 0.31 0.26 -1.94 0.001a

hsa-miR-221 1.13 3.31 2.92 1.55 0.001a

aP < 0.005 with ± 1.5 log2 fold expression change. HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; miRNA: MicroRNA.
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Table 8  Diagnostic ability for studied microRNAs to screening hepatocellular carcinoma among diabetics and controls

Serum miRNA AUC value Sensitivity Specificity PPV NPV Accuracy

miR-16

HCC against ctrl 0.897 81.0% 92.0% 90.6% 86.2% 90.1%

HCC against LC-T2D 0.864 84.9% 87.5% 83.0% 97.5% 88.7%

miR-122-5p

HCC against ctrl 0.793 79.8% 76.2% 80.0% 81.0% 81.3%

HCC against LC-T2D 0.802 83.2% 86.1% 69.0% 86.0% 83.2%

miR-198

HCC against ctrl 0.798 81.4% 79.4% 77.1% 82.0% 80.3%

HCC against LC-T2D 0.791 80.2% 85.2% 54.0% 86.0% 80.0%

miR-199a-3p

HCC against ctrl 0.901 99.7% 97.7% 86.7% 100% 96.7%

HCC against LC-T2D 0.843 82.6% 85.3% 75.7% 96.6% 83.6%

miR-221

HCC against ctrl 0.782 79.4% 80.4% 87.1% 93.7% 81.2%

HCC against LC-T2D 0.780 78.6% 81.8% 34.9% 91.0% 60.8%

miR-23b-3p

HCC against ctrl 0.792 81.0% 83.2% 76.1% 82.0% 79.8%

HCC against LC-T2D 0.689 72.5% 69.5% 30.6% 73.4% 72.7%

miR-34a

HCC against ctrl 0.761 96.4% 59.5% 83.4% 90.7% 75.4%

HCC against LC-T2D 0.789 96.4% 69.3% 46.0% 93.2% 78.2%

AUC: Area under the curve; ctrl: Control; HCC: Hepatocellular carcinoma; LC-T2D: Liver cirrhosis in type 2 diabetic; miRNA: MicroRNA; NPV: Negative
predictive value; PPV: Positive predictive value.

Table 9  Significant relations among candidate serum microRNAs in hepatocellular carcinoma patients

MiRNA name miR-16 miR-122-5p miR-198 miR-199a-3p miR-221 miR-23b-3p miR-34a

miR-16 NS r = 0.587 NS NS r = 0.682 r = 0.350

P = 0.001 P ≤ 0.001 P = 0.003

miR-122-5p NS NS r = 0.519 r = 0.372 r = 0.377 r = 0.421

P = 0.001 P = 0.003 P ≤ 0.001 P = 0.003

miR-198 r = 0.587 NS NS r = 0.365 NS r = 0.450

P = 0.001 P = 0.004 P ≤ 0.001

miR-199a-3p NS r = 0.519 NS r = 0.381 r = 0.519 NS

P = 0.001 P = 0.002 P = 0.001

miR-221 NS r = 0.372 r = 0.365 r = 0.381 r = 0.415 r = 0.392

P = 0.003 P = 0.004 P = 0.002 P = 0.008 P ≤ 0.001

miR-23b-3p r = 0.682 r = 0.377 NS r = 0.519 r = 0.415 r = 0.429

P ≤ 0.001 P ≤ 0.001 P = 0.001 P = 0.008 P = 0.005

miR-34a r = 0.350 r = 0.421 r = 0.450 NS r = 0.392 r = 0.429

P = 0.003 P = 0.003 P ≤ 0.001 P ≤ 0.001 P = 0.005

HCC: Hepatocellular carcinoma; miRNA: MicroRNA; NS: Nonsignificant correlation.
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Table 10  Levels of serum microRNA s in correlation to type 2 diabetes mellitus-related parameters

hsa-miR-16 hsa-miR122-5p hsa-miR-198 hsa-miR199a-3p hsa-miR221 hsa-miR23b-3p hsa-miR34a

HbA1c, % r2 0.312 0.027 0.017 0.087 0.156 0.384 0.498

P < 0.001a 0.758 0.369 0.08 0.003a < 0.001a < 0.001a

GLU in mg/dL r2 0.269 0.353 0.099 0.17 0.109 0.409 0.087

P 0.001a < 0.001a 0.026 0.003a 0.016 < 0.001a 0.08

Insulin in mU/L r2 0.091 0.412 0.041 0.47 0.031 0.497 0.063

P 0.003a < 0.001a 0.209 < 0.001a 0.003a < 0.00a 0.003a

HOMA-IR r2 0.096 0.419 0.013 0.098 0.49 0.492 0.027

P 0.03 < 0.001a 0.396 0.001a < 0.001a < 0.001a 0.001a

ISI r2 0.095 0.421 0.102 0.019 0.499 0.545 0.0693

P 0.0074a < 0.001a 0.023 0.004a < 0.001a < 0.001a 0.005a

HIRI r2 0.498 0.429 0.024 0.1807 0.427 0.672 0.049

P < 0.001a < 0.001a 0.005 < 0.001a < 0.001a < 0.001a 0.009a

Relationship was evaluated through a linear regression analysis adjusted by body mass index, sex, age, high-density lipoproteins, and triglycerides, using
SPSS software.
aP < 0.05. GLU: Glucose; HbA1c: Glycosylated hemoglobin; HIRI: Hepatic insulin resistance index; HOMA-IR: Homeostasis model assessment-insulin
resistance; ISI: Insulin sensitivity index; T2DM: Type 2 diabetes mellitus.

Figure 2

Figure 2  A receiver operating characteristic curve analysis for candidate microRNAs in hepatocellular carcinoma vs liver cirrhosis groups. AUC: Area
under the curve; miRNA: MicroRNA.
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Figure 3

Figure 3  A receiver operating characteristic curve analysis for candidate microRNAs in hepatocellular carcinoma vs nonmalignant groups. AUC: Area
under the curve; miRNA: MicroRNA.

Figure 4

Figure 4  A receiver operating characteristic curve analysis for combined panel. A: A receiver operating characteristic (ROC) curve analysis for combined panel
for discriminating hepatocellular carcinoma (HCC) out of liver cirrhosis. B: A ROC curve analysis for combined panel for discriminating HCC out of nonmalignant
groups. HCC: Hepatocellular carcinoma; LC: Liver cirrhosis.
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Figure 5

Figure 5  A receiver operating characteristic curve analysis for candidate microRNAs against alpha-fetoprotein. A: Diabetic-associated hepatocellular
carcinoma (HCC) vs diabetic nonmalignant patients. B: Diabetic-associated HCC vs diabetic-associated liver cirrhosis. AFP: Alpha-fetoprotein; HCC: Hepatocellular
carcinoma; miRNA: MicroRNA.

Figure 6

Figure 6  MicroRNAs in correlation to ligand independent c-Met activation and progression of hepatocellular carcinoma in type 2 diabetes mellitus
patients. HCC: Hepatocellular carcinoma; miRNA: MicroRNA; NAFLD: Nonalcoholic fatty liver disease; T2DM: Type 2 diabetes mellitus.

ARTICLE HIGHLIGHTS
Research background
Nonalcoholic steatohepatitis (NASH)-related cirrhosis is one of the liver complications in type 2
diabetes mellitus (T2DM) and is  reported to be a risk factor for  developing hepatocellular
carcinoma (HCC).  As such, a reliable screening biomarker of liver cirrhosis (LC) and HCC
among T2DM patients will be important to reduce the morbidity and mortality of this disease.
MicroRNA (miRNA) is considered a key player in HCC and T2DM, and it might be a hidden
culprit in diabetes-associated HCC, which makes it a promising reliable prognostic tool.

Research motivation
The current study aimed to investigate the signature of serum miRNAs as early biomarkers for
the screening of HCC among diabetic patients, to reduce the morbidity and mortality from HCC
among diabetic patients.

Research objectives
The main study objective was the identification of high-sensitivity biomarkers for detection of
HCC in high-risk individuals. The present study was undertaken to identify and then validate a
panel (of seven) serum miRNAs as potential biomarkers for HCC among T2DM patients.

Research methods
Expression profiles of miRNAs in serum samples of diabetic LC and diabetic HCC patients were
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assessed using Illumina sequencing, then RT-qPCR was used to validate the significantly altered
miRNAs between the two groups. Candidate miRNAs were tested in serum samples of 200
T2DM  patients,  270  LC  patients,  200  HCC  patients  and  225  healthy  control  subjects.
Additionally,  receiver operating characteristic (ROC) analysis was performed to assess the
diagnostic  performance  of  the  screened  miRNAs  for  discriminating  HCC  from  LC  and
nonmalignant patients (LC + T2DM).

Research results
Expression  of  the  sequenced miRNAs in  serum was  different  in  HCC patients  vs  LC and
nonmalignant patients. Two miRNAs (miR-34a, miR-221) were significantly up-regulated and
five miRNAs (miR-16, miR-23-3p, miR-122-5p, miR-198, miR-199a-3p) were significantly down-
regulated in HCC patients compared to LC patients. Analysis of the ROC curve demonstrated
that the combination of these seven miRNAs can be used as a reliable biomarker panel for
detection of HCC in diabetic patients, as it could identify, with high diagnostic accuracy, HCC in
diabetic LC patients [area under the curve (AUC) of 0.993] and in diabetic nonmalignant patients
(AUC of 0.961). The study findings support further research to shed light on a possible role of c-
Met in T2DM-associated HCC via a miRNA regulatory pathway.

Research conclusions
This  study validates  a  panel  of  serum miRNAs that  can be used as  a  reliable  noninvasive
screening biomarker of HCC among T2DM cirrhotic and noncirrhotic patients. Specifically, this
study shed light on a new candidate panel of miRNAs that might serve in the diagnosis of HCC
among diabetic patients. Furthermore, its findings from the miRNA screening suggest a possible
role of c-Met in modulating HCC in T2DM patients. The current study aimed to investigate the
signature of  serum miRNAs as early biomarkers for the screening of  HCC among diabetic
patients, to reduce the morbidity and mortality from HCC among diabetic patients. It identified
a  new possible  reliable  panel  that  could  be  developed as  a  screening  tool  for  patients.  In
addition, it provided evidence of a new correlation of miRNA with HCC susceptibility and
hepatic  disease progression in diabetic  patients,  especially  the T2DM patients.  Ultimately,
however, it provided evidence to support the utility of screening miRNA in diabetes-associated
HCC patients.  Importantly,  this  study identified  a  miRNA-specific  signature  in  diabetes-
associated HCC patients.  Our hypothesis of miRNAs comprising a signature through HCC
development in diabetic patients was confirmed. The implications of our findings include that
the identified miRNA panel may be useful for inclusion in the screening markers for T2DM
patients with nonalcoholic fatty liver disease/NASH who are at risk of developing HCC.

Research perspectives
Diabetic patients with dysregulated miRNA could be at high risk of developing HCC compared
to nondiabetic patients. Future research should investigate the effect of c-Met dysregulation on
the current panel in healthy vs disease-related patients. These investigations of the molecular
mechanism of this miRNA interaction with c-Met should be carried out via a specific knock-out
assay.
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