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Background and Aims: Diagnostic modalities for hepatocellular carcinoma (HCC) as markers, sonography, and CT have
contributed to the early detection of HCC but are still not sensitive enough. Human telomerase RNA subunit (hTERT-
mRNA) has been identified in many cancers and claimed to be reactivated in HCC. To investigate hTERT-mRNA in the
peripheral blood of HCC and chronic liver disease (CLD) patients and correlate its level with alpha feto protein (AFP),
the serological marker for HCC.

Methods: The study was conducted on 44 patients selected from the National Liver Institute. Patients included Group |
(22 patients diagnosed to have HCC), Group Il (22 patients with CLD), and 12 apparently healthy volunteers as controls
(Group I11). All selected individuals were subjected to history taking, a clinical examination, abdominal sonography and
laboratory investigations as liver function tests (LFTs), cell blood count (CBC), hepatitis viral markers, AFP, and real-
time polymerase chain reaction (PCR) Quantitative detection of -mRNA expression, encoding for telomerase catalytic
subunit.

Results: There was a significant elevation of AFP levels in the HCC group compared to both the CLD and control groups
(P < 0.00, P < 0.001). The mean hTERT-mRNA expression in HCC patients was significantly higher than both CLD
patients and controls (P < 0.001, P < 0.001). hTERT-mRNA was correlated with AFP and tumor size (P < 0.05, P <
0.001). The AFP cutoff level (185 ng/ml) resulted in a 63.6% sensitivity, a 85.3% specificity; a 89.3% positive
predictive value (PPV) level, a 76.2 % negative predictive value (NPV) level and a 83.4% accuracy for HCC prediction.
The hTERT-mRNA cutoff level (112.5 copies/ml) showed a 77.3%b sensitivity, a 97.1%b specificity, a 98% PPV level, a
79.2 % NPV level, and an accuracy of 84% for HCC prediction. Combining hTERT-mRNA and AFP increased diagnostic
accuracy to 90.5%. Both markers had a 84.1% sensitivity, a 86.4%o specificity, a 86.4% PPV level, and a 88.3 % NPV
level.

Conclusions: hTERT-mRNA is thought to be superior to AFP in CLD patients and could be a marker for the early diagnosis
of HCC. Combined hTERT-mRNA and AFP would augment early detection and successful follow-up of HCC patients.
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increased in HCCs ). Recurrence of HCC after
resection remains common and is considered the
main cause of death after surgical resection.
Diagnostic modalities such as tumor markers,
ultrasonography, and CT have contributed to early
Eii)agnosis of HCC but are still not sensitive enough
3

Numerous other genes and proteins that are
expressed in patients with HCC might prove useful
as clinical markers but are not well studied to date.
These include alpha-1-fucosidase, alpha feto protein
(AFP) mRNA, gamma glutamyl transferase (GGT)
mRNA, human telomerase reverse transcriptase
mRNA, vascular endothelial growth factor, tumor-
specific growth factor, and others (4). Telomeres are
specialized structures at the ends of eukaryotic
chromosomes and function in chromosome
stabilization, positioning, and replication. Telomeric
DNA (telomeric repeats GGTTAG) is shortened
every time somatic cells divide, and when a few
telomeric repeats remain, the cells stop dividing,
%esadmg to cell death due to chromosomal instability
5

Telomerase is a ribonucleoprotein enzyme
responsible in most eukaryotes for the complete
replication of the telomeres at the chromosome ends
(©), Tts RNA subunit provides the template for the
addition of the hexamer repeat (GGTTAG) to
chromosome end. Human telomerase mRNA
(hTERT-mRNA) has been identified in many
cancers and is suspected to reactivate in HCC (),
Telomerase is activated in about 80% of HCC cases.
It is likely that increasing the activity of the
telomerase promoter with a suicide gene will
effectively eradicate the HCC because an increase in
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telomerase  promoter actwlty may  target
hepatocellular carcinoma ). The aim was to
investigate human telomerase mRNA (hTERT-
mRNA) in the peripheral blood of HCC and chronic
liver disease (CLD) patients. Also, the study
attempted to detect K TERT-mRNA'’s possible role as
a marker in HCC cases. Specifically, the study aimed
to correlate the level of A\TERT-mRNA with AFP, the
traditional serological marker for HCC.

Patients and Methods

The study was conducted on 44 patients selected
from Internal Medicine Department inpatients at
National Liver Institute clinics and hospitals.
Patients included 22 patients diagnosed as having
HCC (Group I), and 22 patients with CLD (Group
I). In addition, the study included 12 apparently
healthy volunteers (Group III). All selected
individuals were subjected to the following: a
personal medical history, a clinical examination, an
abdominal ultrasonography, routine laboratory
investigations for CLD and HCC as liver-function
tests, and a CBC using synchron CX5 and Pentra 80
instruments. Also, hepatitis viral markers were
analyzed using enzyme immunoassay (EIA) Kits,
and a serum AFP screening was conducted with an
Axsym  instrument. A specific laboratory
investigation, a quantitative detection of mRNA
expression _encoding for the telomerase catalytic
subunit hTERT was evaluated with a real-time
polymerase chain reaction (PCR) measurement
using the LightCycler® 2.0 Real-Time PCR System
(Roche Diagnostics Germany) (Fig. 1).
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Figure 1.

Sample curve and standard curve for a typical test.
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Results

There was a significant elevation in AFP level in
the HCC group compared to the CLD and control
groups (P < 0.001 and P < 0.001, respectively). The
mean level of hTERT-mRNA expression in the
HCC group was significantly higher than the levels
in both the CLD and control groups (P < 0.001 and
P < 0.001, respectively). hTERT-mRNA expression
was significantly correlated with AFP and tumor size
(P < 0.05 and P < 0.001, respectively).

An AFP cutoff level of 185 ng/ml revealed that
there was sensitivity of 63.6%, a specificity of 85.3%,

ROC Curve

a positive predictive value (PPV) level of 89.3%, an
positive predictive value (NPV) level of 76.2 %, and
a diagnostic accuracy of 83.4% for HCC prediction.
An hTERT-mRNA expression cutoff level of 112.5
copies/ml predicted an HCC sensitivity of 77.3%, a
specificity of 97.1%, a PPV level of 98%, an NPV
level of 79.2 %, and a diagnosis accuracy of 84% for
HCC prediction. Combining the hTERT-mRNA
expression and AFP predictions of HCC cases
increased diagnostic accuracy to 90.5%. In addition,
for both markers sensitivity was 84.1%, specificity
was 86.4%, PPV was 86.4%, and NPV was 88.3%
(Figs 2 & 3).
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Figure 2. ROC curve for both AFP and hTERT-mRNA for HCC prediction.
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Figure 3. Sensitivity, specificity, PPV, NPV, and accuracy of hTERT-mRNA and/or AFP for HCC prediction.
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Statistical analysis

Data were analyzed using SPSS (Statistical
Package for the Social Sciences) version 11.0.
Student’s #tests were conducted to test for normally
distributed quantitative variables to measure means
and standard deviations; P < 0.05 was considered
significant. A correlation analysis was run through
Spearman rank-correlation coefficients for two data
series to compare between variables, and scatter
plots were also made. A ROC curve was plotted to
reveal AFP and hTERT-mRNA cutoff levels and
also to calculate sensitivity, specificity, PPV, NPV,
and accuracy.

Discussion

Human telomerase, a ribonucleoprotein reverse
transcriptase, catalyzes the addition of a telomeric
repeat (ITAGGG) at the telomere’s end of each
chromosome. Most somatic cells do not contain
detectable levels of active telomerase. Cells enter cell
arrest and die once a critically short length of
telomeric DNA is reached. In contrast, telomerase
activity is detectable in over 90% of known human
tumor cells, enabling these tumor cells to escape
senescence and to proliferate at a higher rate. Thus,
understanding telomerase biology and its complex
regulation may shed light on how tumor cells acquire
their  capability for unlimited replication
(immortality), and, consequently, the potential of
several therapeutic approaches to block telomerase
activity ),

In the present study, hTERT-mRNA was
detected in 18 out of 22 patients (81.8%) in the
HCC group, in 9 out of 22 patients (40.9%) in the
CLD group, and in 2 out of 12 patients (16.7%) in
the control group. There was a significant difference
between the HCC group and the other two groups
(P < 0.001, see Table 1). Similar detection rates for
telomerase expression in HCC, CLD, and controls
were reported by Wu et al. (19) (83%, 43.2%, and
10%, respectively). Also, Yao ez al. (11 found rates of
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85.5%, 45%, and 15.4%, respectively, for the same
patient groups and healthy controls. On the other
hand, the present study showed that 10-15% of
cancer patients tested negative for hTERT-mRNA
expression. Most likely, the patients’ tumors
maintained their telomere length via a poorly
understood mechanism called (ALT) or (Alternative
Lengthening of Telomerase).

The mean level of hTERT-mRNA expression
was significantly higher in the HCC group
compared to controls (P < 0.001) and the CLD
patients (P < 0.001, see Table 1). The same ﬁndin%s
were reported by Kumi ez 2/ (11, Tatsuma et al. (12),
Miura et al. (13, Wu et al. (10), Miura et al. 14, Yao
et al. (19, Satra et al. (16), and Miura et al (17,
Specifically, all of these studies observed the parallel
result that telomerase expression was significantly
increased in HCC patients compared to CLD
patients and controls. Although telomerase per se is
not carcinogenic, it plays a direct role in oncogenesis
by allowing the precancerous cells to proliferate
continuously and become immortal, which can be
explained by the positive correlation between
telomerase activity and tumors of different
histological origins and types (18). In addition, the
present work demonstrates that there were no
significant differences in hTERT-mRNA expression
between the CLD and control groups (P > 0.05, see
Table 1), which coincides with the results reported
by Tatsuma ez /. (12) and Miura et al. (13). This
finding suggests that normal hepatocytes may
express a negligible amount of hTERT-mRNA and
that inflamed hepatocytes may still express more
weakly than HCC cells.

On the other hand, Xue-Gang et al. (19) reported
a significantly lower telomerase level by tartrate-
resistant acid phosphatase—polymerase chain
reaction—enzyme-linked immunosorbent assay
(TRAP-PCR-ELISA) in the peripheral lymphocytes
of patients with CLD when compared to controls;
the authors explained this finding as immune
dysfunction due to premature aging of the immune
system in hepatic patients, which decreases

Table 1. Telomerase enzyme hTERT-mRNA expression level in the peripheral blood of

the studied groups.

hTERT-mRNA HCC CLD

(n =22) (n=22)

(copies/ml)

0-621 0-156

Controls

0-112

Kruskal-Waillis P value
(n=12) test
P1<0.001
P2 <0.001
P3 > 0.05

P1 is between HCC & CLD, P2 is between HCC & Controls, and P3is between CLD & Controls
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lymphocyte functions and consequently suppresses
telomerase activity. This theory may affect the
hTERT-mRNA in isolated lymphocytes but not the
whole-blood hTERT-mRNA in HCC and CLD
patients originating from lymphocytes as well as
from injured replicating and immortal hepatocytes
(20), These cells may secrete hTERT-mRNA into
circulation or circulate in a hematogenous pattern
21), Also, the real-time PCR technique used in the
present study was corroborated by findings from
Francisco er al. @21, who used a more sensitive
analysis than TRAP assay for telomerase activity
assessment.

In the current work, no significant correlation (P
> 0.05) was discovered when comparing the CLD
and control groups’ relationships of age, CBC results,
and liver-function tests with AFP and hTERT-
mRNA expression (Tables 2 & 3). Trevisani ez al. 22)
concluded that AFP showed no significant
correlation to any of the clinico-pathological variable
in CLD patients and controls. Also, Kim ez a/. (23)
reported that elevated AFP in CLD patients was
independently associated with elevation of
aminotransferase enzymes in cases of acute viral
exacerbation without malignant transformation. For
the HCC group in the current work, the findings
revealed that AFP and hTERT-mRNA expression
levels were positively correlated with tumor size (P <
0.05 and P < 0.001, respectively, Figs 4 & 5).

These results are parallel to those reported by
Kishimoto er al. @4, W et al. (19, Miura et al. (14,
and Farinati et /. (25 who reported that hTERT-
mRNA in HCC patients were not related to any of
clinico-pathological variables but tumor size and
degree of differentiation of HCC. Moreover, both
hTERT-mRNA and AFP levels were significantly

Correlation between alphafetoprotein and

fumor size in HCC patients
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Figure 4. Correlation between tumor size and AFP.
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decreased in HCC patients after reduction of tumor
size via transcatheter arterial embolization (TAE),
suggesting the value of following up these parameters
in HCC therapy (10). Opposing data have been
shown by the possibility of variability in technique
and low telomerase enzymatic activity in tissue
samples taken from necrotic malignant tissue (20).
Hisatomi et al. 27) demonstrated that telomerase
enzymes were detected in 89% of tumor tissue from
HCC patients but that the enzyme level was not
related to tumor size. Also Huang e a/. 28) reported
that neither telomere length nor telomerase activity
in tissues from HCC patients related to any clinical
parameters, tumor size or AFP level in serum at time
of diagnosis.

For HCC patients, the present work used a cutoff
level of 185 ng/ml AFP and revealed a sensitivity of
63.6%, a specificity of 85.3%, a PPV level of 89.3%,
an NPV level of 76.2%, and a diagnostic accuracy of
83.4% for HCC prediction (ROC AUC 0.652 95%,
CI 0.551 -0.861, Fig. 2). Parallel to these results,
Miura et al. (14) reported an AFP sensitivity of
69.3%, specificity 60% PPV 81.2%, NPV 59%
prediction of HCC. Another related study by Arrieta
et al. ® reported that, at a cutoff level of 400 ng/ml
AFP, the universally accepted level for HCC
diagnosis, the analysis showed a sensitivity level of
17.5% and a specificity of 100%, which would lead
to late diagnosis of many cases. Other factors that
limit diagnosis falsely suggest that AFP sensitivity is
lower in certain races (e.g., African Americans) (10)
and is significantly decreased in CLD patients
receiving interferon therapy for HCV (18). May be
that's why Trevisani et al. (22) reported that in CLD
patients, AFP monitoring misses many HCC cases
and inappropriately arouses suspicion of malignancy

Correlation between telomerase activity and
tumor size in HCC patients
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Table 2. Correlation (Pearson's) between age, CBC results, and liver functions with each
AFP and hTERT-mRNA expression level in the CLD patients group (n = 22).

Telomerase expression AFP

P value r P value r
Age > 0.05 0.22 > 0.05 0.17
Hb (mg/dl) > 0.05 -0.07 > 0.05 -0.09
RBCs count (millions/CC) >0.05 -0.02 > 0.05 -0.24
WBCs (1000/CC) >0.05 0.03 > 0.05 0.21
Platelet count (1000/CC) > 0.05 -0.06 > 0.05 -0.31
Total bilirubin (mg/dl) <0.05 0.07 > 0.05 0.26
Direct bilirubin (mg/dl) > 0.05 0.07 > 0.05 0.05
AST (U/L) <0.05 0.02 > 0.05 0.26
ALT (U/L) > 0.05 0.19 > 0.05 0.14
ALP (U/L) >0.05 0.20 >0.05 0.20
GGT (U/L) > 0.05 0.14 > 0.05 0.02
Albumin (mg/dl) > 0.05 -0.07 > 0.05 -0.07
Total protein (mg/dl) > 0.05 -0.13 > 0.05 -0.04
AFP (ng/ml) - 0.15 > 0.05 -

Table 3. Correlation (Pearson's) between age, tumor size, CBC results, and liver functions
with each AFP and hTERT-mRNA expression level in the HCC patients group (n = 22).

Telomerase expression

P value r
Age > 0.05 r > 0.05 0.04
Hb (mg/dl) <0.05 0.39 < 0.0001 0.47
RBCs count (millions/CC) > 0.05 0.86 > 0.05 -0.14
WBCs (1000/CC) > 0.05 0.14 >0.05 0.09
Platelet count (1000/CC) > 0.05 -0.20 > 0.05 0.06
Total bilirubin (mg/dl) > 0.05 0.05 > 0.05 -0.21
Direct bilirubin (mg/dl) > 0.05 -0.11 > 0.05 -0.05
AST (U/L) > 0.05 0.18 > 0.05 0.11
ALT (U/L) > 0.05 0.09 > 0.05 0.09
ALP (U/L) > 0.05 0.01 > 0.05 0.12
GGT (U/L) > 0.05 0.04 > 0.05 0.19
Albumin (mg/dl) > 0.05 0.26 > 0.05 0.15
Total protein (mg/dl) > 0.05 0.29 >0.05 0.11
AFP (ng/ml) > 0.05 -0.06 > 0.05 -0.11
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in many patients. Also some studies reported that
AFP has limited utility in differentiating HCC from
benign hepatic disorders for its high false positive
and false negative rates, and also patients with acute
viral exacerbation may have remarkably elevated AFP
levels but no HCC (25, 20),

The analysis in the present study revealed that
hTERT-mRNA at a cutoff 112.5 copies/ml for HCC
prediction showed a sensitivity of 77.3%, a
specificity of 97.1%, a PPV level of 98%, an NPV
level of 79%, and a diagnostic accuracy of 84%
(ROC AUC 0.760 95%, CI 0.750- 0.851, Fig. 2).
Similar results were reported by Miura et al. (14,
which showed a sensitivity of 88.2%, a specificity of
72.4%, a PPV level of 86.2%, and an NPV level of
87%. Also Yao et al. 15 reported a 68.4% sensitivity,
a 92% specificity, and a 75.7% PPV level. Higher
sensitivity rates of hTERT-mRNA in the prediction
of HCC were reported by Masaki ez /. (29 who
reported a sensitivity of 100%, but their study
measured hTERT-mRNA in HCC tissue and not in
the peripheral blood, which might indicate that the
locally expressed hTERT-mRNA may be a more
sensitive predictor of HCC in tissue than in
peripheral blood, but still blood samples are much
more easily obtained for monitoring HCC-
vulnerable patients than tissue biopsies. Some HCC
cases had hTERT-mRNA below the calculated cutoff
level. However, cirrhosis is frequently the underlying
cause for HCC, causing a high level of TGEF-B,
which promotes apoptosis of immortalized
hepatocytes  (30),  Also, nonsteroidal anti-
inflammatory drugs may inhibit hTERT-mRNA
(1), and Genistein presents that soya bean represses
telomerase activity via both transcriptional and post-
transcriptional mechanisms ©G2). Lastly, immortal
hepatocytes may acquire an “Alternative Lengthening
of Telomerase” (ALT) mechanism for maintenance of
their chromosomal stability 33). Yao Fu ez a/. (15) also
found that AFP combined with telomerase
expression in peripheral blood could increase the
accuracy of HCC diagnosis to 92.6%. Data in
present work revealed that the combination increased
accuracy of HCC to 90.5%, with a sensitivity for
hTERT-mRNA and AFP of 86.4%, a specificity of
84.1%, a PPV level of 86.4% and an NPV level of
88.3% (Fig. 3).

Conclusions
hTERT-mRNA expression in patients with CLD
could be a satisfactory molecular marker for early

diagnosis of HCC. hTERT-mRNA is thought to be
superior to AFP for early detection and follow-up of
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HCC. The combined use of peripheral-blood
hTERT-mRNA and AFP would increase the accuracy
of early detection of HCC in susceptible patients.
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