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Abstract

Background: Colorectal cancer (CRC), which has a high mortality rate, is one of the most common malignancies. It is
a growing public health problem that recently encompasses the younger age group. Inflammatory bowel disease (IBD), like
ulcerative colitis (UC), is a risk factor for CRC. The aim of this study was to test the expression of microRNA-675 (miR-675) and
long noncoding RNA H19 (H19) for their diagnostic and prognostic potential in CRC and UC.

Methods and Results: This prospective cross-sectional study included 60 patients diagnosed with CRC, 60 patients with
UC, and 30 healthy subjects as controls. The real-time RT-PCR technique quantified the expressions of the non-coding RNAs
(ncRNAs) miR-675 and IncH19. The biochemical and radiological findings were assessed and correlated with the expression of
the genetic biomarkers.

H19 showed high expression in both CRC and UC groups, which is significantly different from the control group. There
was a significantly enhanced expression of H19 in CRC, compared to the UC group. Increased H19 expression was detected in
the caecum and ascending colonic lesions, with a significant difference from flexures and transverse colon (P=0.010), and recto-
sigmoid colon (P=0.05). Although miR-675 showed downregulation in both UC and CRC groups, it revealed a higher expression
in CRC when compared to the UC group.

Conclusion: Based on our findings, we can conclude that H19 can be a potential noninvasive biomarker for the diagnosis of
UC and early detection of CRC.(International Journal of Biomedicine. 2024;14(4):575-582.)
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Introduction mortality.? The probability of having CRC is about 4%—5%.
Associated risk factors comprise age, lifestyle, and chronic

Colorectal cancer (CRC) is among the fatal types of inflammatory bowel disease (IBD). Colorectal carcinomas
cancer worldwide.l It represents 8.5% of the total cancer are classified as sporadic (70%), inherited (5%), and familial

mortalities. Lung and liver metastasis are the main causes of (25%).2 Most CRCs (75%-80%) are diagnosed at stages I-11I,
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while 20%-25% of patients are diagnosed at stage I'V. This
patient subgroup has the worst outcome, with a 5-year survival
of around 10%.*

Carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA19-9) are cancer antigens used as biomarkers
for CRC. However, they tend to elevate during the late course
of the disease with significantly increased serum levels in
metastases.?

In Egypt, IBD prevalence is 11.2%, with UC being
predominant over Crohn’s disease with a ratio of 6:1.5 The
incidence of IBD is increasing worldwide. Globally, IBD will
affect up to 30 million individuals by 2025.7

For patients with long-standing colonic inflammation,
CRC is an expected complication.! Detecting dysplasia with
endoscopy is difficult and can make early diagnosis quite
challenging.?

Exploring reliable and non-invasive biomarkers
(IncRNAs, miRNAs) for UC and CRC allows a detailed
understanding of the molecular mechanisms underlying
carcinogenesis. The possibility of relying on such biomarkers
also provides early detection, rapid intervention, and, thus,
prevention of complications.

MicroRNAs (miRNAs) are epigenetic regulatory
molecules that downregulate gene expression by
complementarily binding to the target mRNA.X° MicroRNAs
are involved in gastrointestinal pathologies by targeting the
transcripts encoding proteins of the intestinal barrier and their
regulators, which are associated with inflammation and colon
cancer.tt

Previous research revealed that miR-675 is derived
from exon 1 of long non-coding RNA (IncRNA) H19 (H19).
H19 has a tumor-suppressing activity, and its derivative,
miR-675, has been shown to be oncogenic in gastric,'2 liver,13
and lung cancer.** Hence, miR-675 is dysregulated in various
types of cancers and may serve as a potential detector of
carcinogenesis.

H19 is known to express in primary CRC tissues and
is further upregulated in metastatic lesions, as proved by
database analysis and investigation of clinical specimens. It
targets the heterogeneous nuclear ribonucleoprotein A2B1
(hnRNPA2B1), activates Raf-ERK signaling, and induces
epithelial-mesenchymal transition, resulting in the metastases
of CRC cells. Hence, H19 could be a potential prognosis
biomarker and therapeutic target for CRC.12

In our presented study, we examined the possibility of
relying on H19 and miR-675 as genetic detectors of UC and
markers for diagnosing CRC.

Materials and Methods

Study Design
This prospective cross-sectional study included 60

patients diagnosed with CRC, 60 patients with UC, and 30
healthy subjects as controls.

Inclusion criteria: patients above 18 years, the gender
of both sexes, CRC patients with any stage (confirmed
by histopathology), and UC Patients (confirmed by
histopathology).

Exclusion criteria: any cancer other than CRC and
patients who receive chemotherapy or radiation.

Each participant underwent a comprehensive
examination, including history taking, clinical examination,
laboratory and radiological examination, and the assessment
of H-19 and miR-675 expression.

From each participant 5 ml of blood was drawn using
sterile labeled vacutainers. Samples were centrifuged at 3000g
for 10 min; sera were stored at -80°C till RNA extraction.
Total RNA Extraction and Reverse Transcription

Total RNA was extracted using miRNeasy mini kit
and protocol for purification of total RNA, including miRNA
(Qiagen, Germany. Cat. No.217004). Extracted RNA was
subjected to RNA quantitation and purity assessment using
NanoDrop® (ND)-1000  spectrophotometer  (NanoDrop
Technologies, Inc. Wilmington, USA). Reverse transcription
(RT) was carried out using the miScript® II RT kit and protocol
for converting RNA-RT into cDNA (Qiagen, Germany. Cat. No.
218161) as a part of the miScript PCR system, which uses total
RNA that contains ncRNA as the starting material for cDNA
synthesis.

Detection of IncRNA H19 and mature miR-675

PCR primers

Target-specific Primers Assay for IncRNA H19 and
miR-675 were supplied by Qiagen, Germany. SNORD68 and
GAPDH were used as endogenous housekeeping genes. qRT-
PCR was carried out using a miScript SYBR® Green PCR kit
and protocol for miRNA and IncRNA quantitative detection
(Qiagen, Germany. Cat. No. 218073). All samples were
analyzed using the Rotor gene Q RT-PCR System (Qiagen,
Valencia, CA, USA). The 2"44“ method was conducted for the
analysis and measurement of relative gene expression levels.t
Statistical analysis

Statistical analysis was performed using the statistical
software package SPSS version 17.0 (Chicago: SPSS Inc.).
Baseline characteristics were summarized as frequencies and
percentages for categorical variables and as mean + standard
deviation (SD) or mean =+ standard error of the mean (SEM)
for continuous variables. Differences in continuous variables
between the two groups were calculated using the independent
Student’s t-test. Multiple comparisons were performed with
one-way ANOVA followed by the Bonferroni test. Categorical
variables were analyzed using the chi-square test. Receiver
operating characteristic (ROC) curves were used to evaluate
the performance of diagnostic tests. A P-value of < 0.05 was
considered statistically significant.!?

Results

Concerning age, the population of the CRC group was
significantly older than that of the UC group (P=0.0001). No
statistically significant difference was noted between UC and
the control group. No statistically significant difference was
found between groups concerning gender (Table 1).
Expression of miR-675 and IncRNA H19 in CRC and UC

Gene expression analysis of miR-675 revealed that it was
under-expressed in both groups. However, its expression was
significantly higher in CRC than in the UC group (P=0.001)
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(Figure 1a). H19 showed an enhanced expression in the CRC
group, which was significantly different from the UC group
and the control group (P=0.0001) (Figure 1b).

Table 1.
Demographic data of the study groups.
CRC ucC Control P-value
Variable (n=60) (n=60) (n=30)
[a] [b] [c]
Age, years P _=0.0001
(M=£SE) 53.07+1.96 | 32.10£1.99 | 31.06+1.04 | P, =0.644
P -=10.0001

Gender P =0.079

Female 20 (33.3%) | 24 (40%) | 14 (46.6%) | P, =0.309

Male 40 (66.7%) | 36 (60%) | 16 (53.4%) | P-=0.305

Controls CRC uc Controls

Fig. 1. Gene expression in the study groups

(a) The mean miR-675 expression levels were 0.2+0.03,
0.07+0.007, and 0.96+0.008 in CRC, UC, and controls,
respectively.

(b) The mean IncHI9 expression levels were 10.12+1.39,
3.05£0.24, and 1.05+0.008 in CRC, UC, and controls,

respectively.

Laboratory and histopathological findings and IncH19
expression in the CRC group

Anemia was noted in CRC patients, as evidenced by
decreased mean hemoglobin concentration, with a marginally
significant difference compared to the control. There was a
significant difference in platelet count, which was increased in
CRC cases compared to the control (Table 2). Regarding the
other laboratory investigations, no significant difference was
found between the CRC and control groups. No correlation
was detected between the level of H19 expression and any of
the measured laboratory parameters.
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About 28.3% of the malignant lesions were recto-
sigmoid. Increased H19 expression was detected in the
caeccum and ascending colonic lesions, with a significant
difference from flexures and transverse colon (P=0.010), and
recto-sigmoid colon (P=0.05) (Figure 2).
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Fig. 2. H19 expression according to CRC anatomical site.

CT findings included mass lesion (38.3%), wall
thickening (20%), regional lymph nodes (23.3%), and liver
metastasis (11.7%). There was no significant correlation
between H19 expression and the CT findings. Regarding the
histopathological grades, 38.3% of patients were categorized
as adenocarcinoma Grade I, 51.7% as adenocarcinoma Grade
II, and 10% as mucinous tumor Grade II. No statistically
significant difference in H19 expression levels concerning
histopathological types or grades existed.

Laboratory findings, severity and extent of the disease, and
IncH19 expression in the UC group

There was a significant decrease in Hb and hematocrit
values and albumin level in the UC group compared to the
control group (P=0.005, P=0.029, and P=0.001, respectively).
CRP and ESR were markedly elevated in UC patients, with
significant differences compared to control cases (P=0.0001).
Total leukocyte count and levels of neutrophils and platelets
were also elevated in UC patients, with significant differences
compared to control cases (P=0.030, P=0.001, and P=0.042,
respectively) (Table 3).

Table 2. Table 3.

CRC group: Laboratory findings. UC group: Laboratory findings.

Variable glzgliré:go) glzggilsgl =4 P-value Variable ggagnzés(gM E;;gg(j: ér}l;l\.j)[O) P-value
Hb (g/dL) 10.85+£2.94 12.50+1.1 0.051 Hb 11.36+0.33 12.48+0.24 0.005
Platelets 269.17+131.827177£100.0 0.010 Hematocrit 34.78+1.04 39.10+0.62 0.029
ALT (0-42 TU/L) 21.925+£10.07 |22.249.07 0.779 Total leukocyte count |8.61+0.82 6.23+0.25 0.030
AST (0-42 TU/L) 24.125+10.69 |25.67+8.1 0.872 Neutrophils 54.02+2.82 48.72+1.14 0.001
Bilirubin (mg/dL) 0.74+0.34 0.88+0.15 0.494 Platelets 315.68+18.28 [296.67+11.29 [0.042
Albumin (3.5-5.5 g/dL) |4.43+£0.94 4.73+0.4 0.6 CRP 15.85+3.53 1.99+0.22 0.0001
AFP,n (mg/dL) 9.93+6.83 - - ESR 30.75+4.48 7.234+0.30 0.0001

Hb, hemoglobin, ALT, alanine transaminase, AST, aspartate Albumin 3.79+0.14 4.58+0.049 0.001
transaminase, AFP, alpha-fetoprotein.
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There was a significant increase in HI19 expression in
the group with moderate/severe UC compared to cases with
remission (P=0.047) and mild cases (P=0.048) (Figure 3a).
H19 showed the highest expression in left-sided lesions, which
was significantly different from pancolitis lesions (P=0.05)
(Figure 3b).
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Fig. 3. Pattern of H19 expression according to the severity
and extent of UC.

(a) IncH19 expression and the UC severity.
(b) IncH19 expression and the UC extent.

Diagnostic potential of H19 in CRC and UC

ROC curve analysis showed that H19 could be used in
the diagnosis of UC, with a sensitivity of 91.7%, a specificity
0f 99.3% (AUC: 0.917, 95% CI: 0.852-0.959, P<0.0001) at a
cut-off value of 2.659, and an accuracy of 95.5%.

ROC analysis revealed that H19 could discriminate
between CRC and control subjects with a sensitivity of 90.0%
and a specificity 0f99.8% (AUC: 0.90,95% CI:0.7919-0.9667,
P<0.0001) at a cut-off value of 8.73, and an accuracy of
96.85%.

H19 H19
100F | 100F
8ol so[]
£ ool £ wf
= =
g g wf
3 o )
20 AUCS0o 20 AUC=090
P p<0.0001
o [ e —
0 20 40 60 8 100 0 20 40 60 8 100

100-Specificity 100-Specificity

Fig. 4. ROC curve analysis for H19 expression.

(a) Diagnostic performance of H19 for UC, best cut-off
value = 2.659 [sensitivity=91.7%, specificity=99.3%,
and accuracy 95.5%], AUC=0.917, 95% CI:0.852-0.959,
P<0.0001.

(b) Diagnostic performance of H19 for CRC, best cut off-
value = 8.73 [sensitivity= 90.0%, specificity=99.8 %, and
accuracy 96.85%], AUC=0.90, 95% CI:0.7919-0.9667,
P<0.0001.

Discussion

The annual incidence of CRC is 1.4 million cases,
resulting in 694,000 deaths.!* The initiation of CRC is a
complex biological process that involves multiple genomic
and epigenomic alterations. The escalating incidence and the
unpleasant outcome of CRC have drawn scientific attention

and efforts toward continuous trials aiming to discover the
underlying pathological processes of CRC and arrest these
processes and, thus, CRC progression.*?

Ulcerative colitis is an inflammatory bowel disease with
a high incidence in developed countries and an accelerating
incidence in developing countries. It results in severe
morbidity, substantial healthcare costs, and loss of productivity
at work.2This chronic colonic inflammation may precipitate
CRC.® Analysis of CRC risk in patients with IBD showed a
risk of 2% after 10 years of UC onset, 8% after 20 years, and
18% after 30 years after the onset of colitis.?

Hence, searching for early, non-invasive diagnostic
biomarkers is required for early prediction and avoidance of
such deleterious complications.? The diagnostic accuracy
of CEA is considered low, with a sensitivity of 50% and a
specificity of 80%.2

For the past decade, research has been directed to
exploring the potential of using ncRNAs for diagnosis and
prognosis of cancerous and pre-cancerous conditions. The
current study aimed to test the expression of miR-675 and
IncRNA H19 for their diagnostic and prognostic potential in
CRC.

Our study showed a significant difference in age between
the studied groups. The CRC group showed a statistical
significantly higher mean age than the control and UC groups.
This agrees with other studies that have found that CRC is
mainly a disease of people over 55.21¢2-2 These results were
previously challenged in an Egyptian study that recognized a
relatively high percentage of patients diagnosed with CRC at
a younger age group (between 20 and 40 years).?

Regarding the mean age in the UC group, it was
recognized in previous work by Kathpalia et al.2® that IBD
has a bimodal peak of incidence, one in the second decade,
which matches our patients’ demographic data, and another
one after the fifth decade, which is alleged to have a high
mortality rate.

A study conducted by Rubin et al, in 2019 & mentioned
that the peak age for UC is from 15 to 30 years, while another
study? declared that the peak age of disease onset is between
30 and 40 years and that disease onset after 60 years tends to
be a milder presentation.

Gender did not vary significantly among groups,
although the male gender was slightly predominant in all
study groups. The increase in males was higher in the CRC
group than in the UC group. A study by Kim et al.2® explained
this by finding that social and cultural barriers could delay
diagnosis in females.

miRNAs are responsible for the negative modulation
of up to 60% of protein-coding genes.”2 miRNA expression
is related to the increase of tumor mass size, metastasis, and
increased malignancy grade of tumor cells. Several reports
have demonstrated that miRNAs can be potential biomarkers
for the diagnosis and prognosis of CRC.%

The dysregulated non-coding miRNA-675 may be
used as a potential biomarker for detecting carcinogenesis in
multiple types of cancer. It promotes CRC cell proliferation
through its negative regulation of tumor suppressor
DMTF1.2
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In our study, miR-675 was under-expressed in both
groups. However, expression was significantly higher in
the CRC than in the UC group. Downregulation of miR-
675 may result from reduced conversion of H19 into pre-
miR-675 and/or reduced conversion of pre-miR-675 into
mature miR-675," for which the underlying cause needs to
be elucidated.

In a study by Ren et al.,*! miR-675 was upregulated in
gastric cancer with overexpression of H19, promoting cell
proliferation and inhibiting cell apoptosis.

In our work, H19 was highly expressed in both the UC
and CRC groups. Expression was significantly higher in the
CRC group.

Analysis of the public database showed that H19 is one
of the most overexpressed IncRNAs in primary tumors and
metastatic tissues when compared with its expression levels
in the adjacent normal tissues in colorectal cancer.?2* These
findings align with our current study.

The expression level of H19 was correlated with tumor
differentiation and advanced TNM cancer stage in a study by
Han et al.** In a study by Ismail et al.,* the expression level of
H19 in Egyptian CRC patients showed an 11.38-fold increase
compared to the controls.

IncRNA HI19 and miR-675 play crucial roles in
metastasis through the regulation of critical events,
specifically the epithelial-to-mesenchymal (EMT) and
mesenchymal-to-epithelial (MET) transitions.?

Ma et al.?® investigated the expression of miR-675 in
human pancreatic ductal adenocarcinoma (PDAC) tumors
and cells, the biological function of miR-675 in PDAC
cell proliferation, and the possible relationship among
H19, miR-675, and E2F-1. As a transcript of the first exon
of H19, the level of miR-675 was negatively correlated
with H19 expression in microdissected PDAC tissues (r=-
0.0646, P=0.001). The authors concluded that there might
be a H19/miR-675/E2F-1 regulatory loop in cell cycle
modulation.

The role of H19 in the pathogenesis of UC was
mentioned in previous studies, which stated that the
expression level of H19 was significantly higher in UC
tissues than in paired normal tissues.

Zou et al.*” reported that H19 overexpression inhibits
expression of the TJ protein zonula occludens 1 (ZO-1) and
the AJ protein E-cadherin at the post-transcriptional level via
release of miR-675 embedded in H19 exon 1, and disrupts
epithelial barrier function in an in vitro model using cultured
intestinal epithelial cells.

A study by Lin et al.**found that intestinal H19 was
dramatically upregulated in mice colitis models, as well as
in inflamed colonic tissues from patients with IBD and that
highly expressed H19 repressed the function of mRNAs
encoding TJ protein ZO-1 and AJ protein E-cadherin by
releasing miR-675, leading to epithelial barrier damage.

Regarding laboratory studies in our work, anemia
was noted in CRC patients as evidenced by decreased mean
hemoglobin concentration, with a marginally significant
difference compared to control. This comes in agreement
with Schneider et al.*? There was also a significant increase

in platelet count in the CRC cases compared to controls. In
a study by Zhu et al.,® platelet indices were investigated as
diagnostic markers for CRC. Platelet count was found to
be elevated compared to patients with colon adenoma. No
correlation was detected between the H19 expression level
and any of the measured laboratory parameters in our study.

Recto-sigmoid lesions represented the major site of
lesions in our study. The highest expression of H19 was found
in the caecum and ascending colonic lesions, with a significant
difference from flexures and transverse colon, and recto-
sigmoid colon.

Chen et al.** found that overexpression of H19 was
identified to be associated with pre-treatment metastasis, poor
differentiation level, and advanced TNM stages.

H19 expression did not vary significantly with any CT
findings in CRC, including mass lesion, wall thickening,
regional lymph node involvement, or liver metastasis. Also,
no statistically significant difference was found between H19
expression level and histopathological types or grades.

Laboratory investigations of UC patients showed
anemia, manifested by low hemoglobin and hematocrit
values, elevated C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR). Chronic diarrhea affects iron
absorption from the intestine; thus, anemia occurs.*2In a
study by A. Ananthakrishnan,* an elevated CRP or ESR was
associated with an increased risk of CRC in UC patients.
Serum albumin was relatively lower in UC and varied
significantly compared to the control. The main cause of
hypoalbuminemia in UC patients is the malabsorption of
food protein constituents.

The severity of UC in our group of patients was
categorized as mild in more than one-third of cases, while
the other two-thirds were divided between moderate and
severe, while only two patients were on remission based
upon Mayo score (0-10). The score was classified into four
different activities: Remission (0-2), Mild (3-5), Moderate
(6-10) and Severe (>10). There was a significant increase
in H19 expression in the group with moderate/severe UC
compared to cases with remission and mild cases.

According to colonoscopy in our studied group, most
cases were either left-sided colitis or pancolitis, and a small
percentage were diagnosed with proctitis only. H19 showed the
highest expression in left-sided lesions, which was significant
from pancolitis lesions (P=0.05). ROC curve analysis showed
that H19 could help in the diagnosis of UC, with a sensitivity
0of 91.7%, a specificity of 99.3% (AUC: 0.917, 95% CI: 0.852-
0.959, P<0.0001) at a cut-off value of 2.659, and an accuracy
0f 95.5%.

A comparative analysis between H19 and CRP was
conducted to assess their diagnostic value in UC in a study by
Wang et al.* It was found that H19 and CRP levels increase
with the deterioration of UC, with superior performance
of H19. At the cut-off value of 2.755, H19 showed a high
conformance to the clinical diagnosis of UC.

In a study by Shaker et al.,* H19 and miRNA-675-5p
showed enhanced expression in UC and Chron’s disease (CD)
patients with marked significance from controls, especially
in UC cases. Additionally, ROC analysis revealed that H19
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could discriminate between UC and control subjects with a
sensitivity of 94.3% and a specificity of 90.0% and between
CD and control subjects with a sensitivity of 87.5% and a
specificity of 88.5%. Furthermore, miR-675-5p was able
to discriminate between UC and control subjects with a
sensitivity of 85.7% and a specificity of 97.3% and between
CD and control subjects with a sensitivity of 88.4% and
specificity of 95.2%. Also, H19 and miRNA-675-5p showed
enhanced expression in UC and Chron’s disease patients with
marked significance from controls, especially in UC cases.

Conclusion

Our study assessed the expression of H19 and miR-675
in Egyptian patients with CRC and UC. H19 was markedly
expressed in CRC patients compared to UC. H19 can be
considered a potential noninvasive diagnostic biomarker for
CRC, with a sensitivity of 90.0% and a specificity of 99.8%.
H19 could discriminate between UC and control subjects
with a sensitivity of 91.7% and a specificity of 93.3%.
Although miR-675 showed downregulation in both UC and
CRC groups, it revealed a higher expression in CRC when
compared to the UC group.

Further studies should be conducted on larger numbers
of candidates. Studies should investigate the cause of
sequestration of miR-675 in ulcerative colitis and colorectal
cancer, though it is formed from its precursor H19. Other
miRNAs should be used to make the miRNAs’ signature
through the development of panels containing many miRNA
biomarkers and IncRNA. Conventional carcinoembryonic
antigen (CEA) can be added to these panels in the diagnosis
and screening of ulcerative colitis and colorectal cancer, which
helps achieve more accuracy.
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