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Background: H19 is one of the long non-
coding RNAs (LncRNA) that is related to
the progression of many diseases includ-
ing cancers. This work was carried out to
study the level of the long non-coding
RNA; H19, in plasma of patients with
gastric cancer (GC) and to assess its
significance in their clinical management.
Methods: Sixty-two participants were en-
rolled in the present study. The first group
included 32 GC patients. The second
group was formed of 30 age and sex
matched healthy volunteers serving as a
control group. Plasma samples were
used to assess H19 gene expression using
real-time quantitative PCR technique.
Results: H19 expression was up-
regulated and closely related to TNM can-
cer stages in GC patients. Using Receiver
Operating Characteristic (ROC) curve
analysis, a cutoff level of 0.5 was set for

H19 expression to diagnose GC cases
achieving a sensitivity of 68.75%, speci-
ficity of 56.67%, positive predictive value
(PPV) 62.86% and negative predictive
value (NPV) 62.96% with an area under
the curve (AUC) of 72.4%. Combined use
of Carcinoembryonic Antigen (CEA) and
H19 level in GC diagnosis was evaluated
using ROC curve revealing improvement in
performance with an area under the curve
of 80.4%. Conclusions: Up-regulation of
H19 is closely associated with gastric can-
cer displaying progressive up-regulation in
advanced stages of the disease imple-
menting its role as a potential non-invasive
diagnostic biomarker in gastric cancer and
as a novel tool in gastric cancer manage-
ment with better performance achieved on
using both CEA and H19 simultaneously.
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INTRODUCTION

Gastric cancer (GC) is ranked as one of the com-
mon causes of cancer-related deaths worldwide despite
the improvement in management strategies of radical
surgeries and novel chemotherapies (1).
Early lymphatic, blood, and peritoneal dissemination

of GC has limited the curative role of radical surgery,
except in patients with early-stage cancers who often
lose the window for surgical resection due to the lack
of effective tools for early diagnosis resulting in very
low survival rates (2, 3).
Long non-coding RNAs (LncRNA) are non-coding

RNAs that are longer than 200 nucleotides with many
of them demonstrated to have major regulatory roles
in the development and progression of many diseases
including cancers (4, 5).

Production of LncRNA is regulated by mechanisms
similar to these of protein-coding genes, such as his-
tone modifications and RNA splicing, and their
expression shows tissue-specific patterns (6).
LncRNAs have been implicated to regulate a range

of biological functions and the disruption of some of
these functions, such as genomic imprinting and tran-
scriptional regulation, plays a critical role in cancer
development and metastatic events (6).
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One of the first LncRNA genes reported was the
imprinted H19 gene (7, 8) with loss of imprinting and
subsequent strong gene expression in a variety of
cancers (9).
H19 gene is allocated in a region near by the telomeric

area of chromosome 11p15.5 which is frequently
involved in many pediatric and adult tumors. It encodes
a 2.3-kb protein which is highly expressed in fetal tissues,
but is down-regulated in most tissues shortly after birth
with the exception of skeletal tissue and cartilage (10).
H19 has been implicated as having both oncogenic

and tumor suppression properties being up-regulated
in a number of human cancers, including hepatocellu-
lar, bladder, and breast carcinomas, suggesting its
oncogenic function, while its tumor suppressor role
was proved using animal model experiments in other
cancers including colorectal cancer (11).
Based on these findings, the objective of the present

work was to study the level of the long non-coding
RNA; H19, in plasma of patients with GC and to
assess its significance in their clinical management.

MATERIALS AND METHODS

The study approval was obtained from the ethics
committee of the Faculty of Medicine, Alexandria
University. All patients provided signed, written
informed consent to participate in this study.
A total of 62 participants were enrolled in the pre-

sent study. The first group included 32 GC patients,
while the second group was formed of 30 age and sex
matched healthy volunteers who served as a control
group. Patients were recruited at the Gastrointestinal
and Clinical Oncology Units, Alexandria Main
University Hospital. For all patients, diagnosis of GC
was confirmed by upper gastrointestinal endoscopy
and biopsy. Staging of GC was according to the TNM
classification system developed by the American Joint
Committee on Cancer (AJCC) (12), while grading was
performed according to Laur�en classification of GC
(13). All blood samples were withdrawn before any
surgeries or therapeutic interventions.
Liver function tests including serum aspartate amino-

transferase (AST), alanine aminotransferase (ALT),
and prothrombin time were assessed. Complete blood
count was offered to all participants enrolled in the
study. Serum Carcinoembryonic Antigen (CEA) level
was assayed on AdviaTM Centaur Immunoassay System.

Plasma Collection, RNA Extraction, and cDNA
Synthesis

Whole-blood EDTA samples were obtained from
each participant in the study. All EDTA tubes

were centrifuged at 1,200 9 g for 10 min at 4°C to
precipitate the blood cells. The supernatants were
transferred to new plain tubes and centrifuged at
12,000 9 g for 10 min at 4°C to completely remove
cellular components. Plasma was then stored at �80∘C
until further analysis (14). Total RNA was extracted
from 1 ml plasma using miRNeasy Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
instructions.
For cDNA synthesis, High Capacity cDNA Reverse

Transcription Kit (Applied Biosystems, Foster City,
CA) was used. Reverse-transcription master mix was
added to RNA and incubated at 25°C for 10 min then
at 37°C for 120 min, 85°C for 5 min with a final hold
at 4°C.

Assessment of H19 Gene Expression Using
Real-Time Quantitative PCR

Real-time PCR was performed on the Applied
Biosystems� 7500 Real-Time PCR Systems (Applied
Biosystems) using QuantiFast Probe Assay Duplex Kit
(Applied Biosystems, Cat no.243132).
Amplification was carried out in a final volume of

25 ll containing 29 QuantiFast Multiplex PCR Mas-
ter Mix, 1.25 ll of each probe (with the first probe
labeled with FAM and the other with MAX) and
cDNA in a concentration not more than 100 ng/
reaction.
Thermal cycling conditions included an initial Taq

activation step at 95°C for 5 min followed by 45 cycles
of 95°C for 30 sec (denaturation step) and 60°C for
30 sec (annealing/extension).
Expression of the target gene; H19 was normalized

to that of GAPDH which is a house keeping gene and
was calculated in plasma of gastric cancer patients’
samples vs. healthy controls by the 2�DDCt method.

Statistical Analysis

Data were analyzed using SPSS software package
version 20.0 (SPSS, Chicago, IL). Qualitative data
were described using number and percent and was
compared using Chi-square test or Fisher Exact test.
Normally distributed quantitative data were expressed
as mean � SD and compared using student t-test.
Abnormally distributed data were expressed as median
(Min.–Max.) and compared using Mann–Whitney test.
Receiver Operating Characteristic (ROC) curve was
used to assess the cutoff value for H19 expression to
distinguish gastric cancer patients from controls. Sensi-
tivity, specificity, and area under the curve (AUC)
were calculated. Statistical significance was set at
P < 0.05.
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Based on the mean and standard deviation of
plasma H19 among cases and controls and by using
Epi save software, the power of the study was calcu-
lated to be 96.21%.

RESULTS

The group of GC patients included 19 males
(59.4%) and 13 females (40.6%), while the control
group included 15 males (50%) and 15 females (50%).
The mean age of those with GC was 43.44 �

6.84 years, whereas those of the control group had a
mean age of 43.53 � 7.39 years.
No significant difference was detected between both

groups as regards gender (P = 0.45) or age (P = 0.95).
According to TNM-staging system, most of GC

patients were at late stages; with only 2 patients
(6.2%) at stage I, 7 patients (21.9%) at stage II, 12
patients (37.5%) at stage III, and 11 patients at stage
V (34.4%).
Histological grading showed 26 patients (81.3%) of

intestinal type, 5 patients (15.6%) of diffuse type, and
only 1 (3.1%) patient of the intermediate type.
Biochemical, hematological data, and CEA level of

all those participating in the study are shown in
Table 1.
H19 expression showed a statistically significant dif-

ference between both groups being up-regulated in the
GC patients (P < 0.001) (Fig. 1).
On comparing H19 level between the different TNM

stages in GC patients, a statistically significant differ-
ence was detected between the four stages (P = 0.014).
Applying post hoc test revealed a greater difference of
H19 gene expression in advanced stages as compared
to early ones (Table 2).
In addition, H19 expression showed positive correla-

tion with CEA level (r = 0.470, P = 0.007) (Fig. 2).

On the other hand, no statistically significant rela-
tion was detected between H19 level and histological
grade (P = 0.505).
Using ROC curve analysis, a cutoff level of 0.5 was

set for H19 expression to diagnose GC cases achieving
a sensitivity of 68.75%, specificity of 56.67%, positive
predictive value (PPV) 62.86%, and negative predictive
value (NPV) 62.96% with an area under the curve
(AUC) of 72.4%.
Combined use of CEA and H19 level in GC diagno-

sis was evaluated using ROC curve revealing improve-
ment in performance with an AUC of 80.4% (Fig. 3).

DISCUSSION

Recent advances in the molecular techniques had led
researchers to investigate LncRNAs as novel biomark-
ers suggested especially for their potential role in can-
cer progression (15) and as GC is one of the common
malignancies worldwide, the urge to discover new
biomarkers for GC prediction, disease monitoring, and
prognosis assessment is of utmost importance for clini-
cal management of GC cases (16).
In the present study, most of GC patients (71.8%)

were of late stages (stage III and IV) implying late
detection of cancer which is known to be a relatively
hidden malignancy with most cases presented at
advanced, metastatic stages at first diagnosis (17).
This explains the efforts targeting the detection of a

biomarker that can efficiently screen for early GC giv-
ing those patients the benefits of early detection.
Although CEA is one of the most frequently used

serological biomarkers in cases of GC, yet its use in
screening and diagnosis of gastrointestinal tract can-
cers is hindered by its limited sensitivity and specificity
particularly in early cases (18).

TABLE 1. Biochemical, hematological data, and CEA level of

all those participating in the study

Variable

GC patients

(n = 32)

Control

(n = 30) P

AST (U/l) 25.0 (16.0–76.0) 28.0 (16.0–41.0) 0.184

ALT (U/l) 24.50 (13.0–95.0) 28.0 (12.0–40.0) 0.553

Prothrombin

activity (%)

98.0 (50.0–100.0) 100.0 (95.0–100.0) 0.018*

CEA (ng/ml) 5.0 (1.20–190.0) 3.20 (1.20–5.0) <0.001*
Hemoglobin (g/dl) 10.95 � 1.41 12.87 � 0.85 <0.001*
WBCs 9109/l 7.0 (3.90–14.50) 5.35 (4.0–8.0) <0.001*
Platelets 9109/l 169.16 � 30.23 218.33 � 51.73 <0.001*

Parametric data were presented as mean � SD and analyzed by stu-

dent t-test, while non-parametric data were presented as median

(Min.–Max.)) and compared using Mann–Whitney test.

*Statistically significant at P < 0.05.

Fig. 1. Comparison between the studied groups as regards H19

expression.
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In the current study, H19 was up-regulated in
plasma of GC patients (P < 0.001). Many studies asso-
ciated H19 with many pediatric (19) and adult diges-
tive system tumors (20).
Up-regulation of H19 in the group of GC patients

mostly supports its oncogenic role which is attributed
in many studies to loss of imprinting ending in altered
gene expression (21, 22).
A study by Yang et al. (23) assayed H19 levels in

GC tissues and investigated its biological effect in car-
cinogenesis. They demonstrated that H19 expression is
increased in GC cells compared to normal control cells
and that association between H19 and p53 results in
p53 inactivation proving the oncogenic role of H19 in
gastric cancerous tissues and its potential application
in GC therapy.

Association of H19 with factors involved in tumor
growth and proliferation as angiopoietin and fibroblast
growth factor-18 is also suggested as a factor behind
its oncogenic role (24).
Researchers assayed H19 in post-operative tissue

samples (25), plasma samples (26), and in bone mar-
row mononuclear cells (27).
Quantification of LncRNAs is performed by real-

time PCR technique as a simple effective procedure in
many studies (23, 26) with some researchers (25) using
microarray technique to assess multiple genes’ level
simultaneously.

TABLE 2. Relation between TNM stage and H19 expression

TNM stage

KWv PI (n = 2) II (n = 7) III (n = 12) IV (n = 11)

H19 expression

Min.–Max. 0.20–0.50 0.30–1.0 0.30–1.10 0.30–1.40 10.574* 0.014*

Mean � SD. 0.35 � 0.21 0.53 � 0.24 0.76 � 0.27 0.99 � 0.33

P P1 = 0.370, P2 = 0.100, P3 = 0.048*, P4 = 0.135, P5 = 0.014*, P6 = 0.048*

KW: Kruskal–Wallis test, comparison between groups using Mann–Whitney test.

P1: P value for comparing between I and II group.

P2: P value for comparing between I and III group.

P3: P value for comparing between I and IV group.

P4: P value for comparing between II and group III.

P5: P value for comparing between II and IV group.

P6: P value for comparing between III and IV group.

*Statistically significant at P < 0.05.
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Fig. 2. Correlation between H19 expression and CEA in Gastric

Cancer patients.

Fig. 3. ROC curve for H19 expression to diagnose gastric cancer

patients.
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In the present study, H19 level was successfully and
easily assayed in plasma samples then quantified using
a real-time PCR technique. Arita et al. (26) investi-
gated the stability of a number of plasma LncRNAs
including, H19, HOX antisense intergenic RNA
(HOTAIR), and metastasis associated lung adenocarci-
noma transcript-1 (MALAT1), in patients with gastric
carcinoma and proved that LncRNAs can be easily
and efficiently extracted out of plasma and that they
only exhibited minimal instability under severe
conditions.
According to TNM staging system, H19 in the pre-

sent study, showed progressive up-regulation in
advanced stages of GC.
In other studies, H19 as well as other LncRNAs

were related to metastatic events, poor patients’ prog-
nosis and diminished survival in many malignancies
(28). HOX Antisense Intergenic RNA (HOTAIR)
showed strong correlation with liver metastasis and
poor patient outcome in colorectal carcinoma (28).
In addition, HOTAIR was considered a significant

predictor of disease recurrence and was closely related
to patients’ aggressive phenotype in cases of cancer
breast (29) and hepatocellular carcinoma (30). A study
by Li et al. (31) used cell lines and knockdown models
to prove the importance of H19 in tumorigenesis and
metastasis in GC cells.
As the present work implies, limited sensitivity

(68.75%) and specificity (56.67%) of H19 associated
with its tendency to up-regulation in late cancer stages
limits its use as a potential screening tool for GC.
Using both markers together showed increased

AUC reflecting improved diagnostic performance.
Researchers as Arita et al. (26) suggested an optimal

cutoff of 0.32 for H19 plasma level to distinguish
between GC cases and normal healthy controls at a
sensitivity of 74% and a specificity of 58%. Song et al.
(25) estimated an AUC of 61.3% for H19 when used
alone and of 76.1% when H19 was used in combina-
tion with another LncRNA (uc001lsz).
In conclusion, up-regulation of H19 is closely

associated with gastric cancer displaying progressive
up-regulation in advanced stages of the disease. Con-
venient, efficient quantification of H19 in plasma using
real-time PCR technique implements its role as a
potential non-invasive diagnostic biomarker in gastric
cancer and as a novel tool in gastric cancer manage-
ment with better performance achieved on using both
CEA and H19 simultaneously.
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