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ABSTRACT 

Background: Preeclampsia is a severe pregnancy-related disease 

mainly in developing countries. Non-coding RNAs are very important 

factors in regulating the expression of certain genes and are involved 

in pathogenesis of numerous diseases. Recently, non coding RNA 

biomarkers are used as diagnostic tools for different disorders such as 

PE. 

Methods: lnc RNA HULC expression levels was measured in serum 

collected from 22 patients with PE and 23 healthy pregnancies, using 

real-time PCR.  

Results: HULC expression was elevated reaching significant levels (p 

< 0.001with 2.16 fold change) in patients compared with control 

group. HULC was markedly increased in both severe and mild 

preeclamptic subgroups when compared to healthy controls (p<0.001 

with 1.97 fold change and p<0.001 with 2.16 fold change 

respectively). ROC curve was assessed, the AUC of lnc RNA HULC 

was 0.952 (95%, CI=0.904 -1.000, P< 0.001). 

Conclusion: lnc RNA HULC may be involved in PE pathogenesis and 

may be used as potential non-invasive diagnostic biomarker for this 

disease. 

Key words: Preeclampsia; lnc RNA HULC. 
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INTRODUCTION 
 

Preeclampsia (PE), a syndrome among pregnant women especially in 

developing countries, identified by proteinuria in addition to 

hypertension following 20 weeks of gestation, affecting 5-7% of 

pregnancy disorders worldwide and causes 10% to 15% of maternal 

deaths (MUNAUT et al., 2016). 

In spite of progress achieved in this topic, the mechanisms of 

pathogenesis of PE need to be clarified. Actually many studies have 

identified that the placenta have a significant role in development of 

PE, in which poor placentation, shallow invasion, and abnormal 

angiogenesis, are the main pathological features (BROUGHTON and 

ROBERTS, 2000). Additionally, many theories related to the 

pathogenesis of PE have been identified like oxidative stress (NORIS 

et al., 2004), endothelial dysfunction (GRANGER et al., 2001), 

inflammatory cytokines (SAFTLAS et al., 2005), genetic and dietary 

factors (BARTHA et al., 2002) and imbalance between proangiogenic 

and antiangiogenic factors (RANA et al., 2007). 

More efforts are needed to deeply understand the molecular 

mechanisms of PE. A significant portion of human genome is 

considered non-protein coding genes (KAWAJI et al., 2011).  

LncRNAs are considered as major subclass of noncoding RNAs and 

are longer than 200 nucleotides. Emerging studies have proposed that  

lncRNAs which were discovered in the last recent years, are closely 

associated with the pathogenesis of many diseases, including 

neurodegenerative diseases (JOHNSON, 2012), cardiovascular 

disease (LEUNG et al., 2013) and cancer (WANG et al., 2010). 

Furthermore, many studies recently have indicated that lncRNAs are 

linked to cell apoptosis and migration (KHAITAN et al., 2011), and 

may be associated with the behavior of trophoblast cells in PE 

(ZHANG et al., 2015).  

Highly upregulated in liver cancer (HULC) was originally highly 

expressed in human hepatocellular carcinoma (PANZITT et al., 2007). 

However, overexpression of HULC has been reported in other cancer 

types (PENG et al., 2014 and SUN et al., 2015). Recently, few studies 

indicated that HULC may play a role in cell survival, proliferation and 

invasion (ZHAO et al., 2014) in addition to its effect on tumor growth 

(CUI et al., 2015) and angiogenesis (LU et al., 2015). The role of 

HULC in PE is considered unclear up to now. 
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Nowadays, development and diagnosis of PE have become a hard task 

in clinical research. However, current diagnosis still dependent on the 

results of urine analysis (proteinuria), blood pressure measurement, 

and blood tests. Thus, early diagnosis of PE through detection of 

specific biomarkers has become a major target in current studies. 

Recently, potential biomarkers have been identified by many studies 

for accurate and early diagnosis of PE. 

The present study aimed at determining the expression levels of 

HULC in serum of preeclampsia patients and using its clinical values 

as non-invasive biomarker for diagnosis and prediction of prognosis 

of preeclampsia. 
 

MATERIALS AND METHODS 
 

Pregnant women and samples collection: All the serum samples were 

sequentially collected from outpatient clinics and inpatient 

departments of Obstetrics and Gynecology, Fayoum University 

Hospital, Egypt. 22 serum samples were obtained from pregnant 

women with preeclampsia. Another 23 serum samples were taken 

from nulliparous women with normal pregnancies which were 

selected as the controls. The standard diagnostic criteria of 

preeclampsia were: a systolic blood pressure >140 mmHg and /or 

diastolic blood pressure >90 mmHg at least on two occasions, 

accompanying with urinary protein level >0.3 g in a 24 h collected 

urine. Severe PE was defined briefly as blood pressure above 160 

mmHg systolic or diastolic more than110 mmHg with severe 

proteinuria following 20 weeks of gestation. The pregnant women 

with other complications like history of renal disease and/or 

hypertension, diabetes, smoking, chromosomal abnormalities, 

alcoholism, and fetal congenital abnormalities were excluded from our 

study. 

This research was revised and approved by the Faculty of Medicine, 

Fayoum University Ethical Committee. Written informed consent was 

obtained from all pregnant women before sample collection. 

RNA extraction: MiRNeasy extraction kit (Qiagen, Valenica, CA) 

was used for total RNA extraction using QIAzollysis reagent 

following the manufacturer’s instructions. RNA concentration was 

detected using NanoDrop2000 (Thermo scientific, USA). 
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Reverse transcription reactions: Reverse transcription (RT) was 

executed  on 60 ng of total RNA in a final volume 20 μl RT reactions 

using RT2 strand Kit (Qiagen, Valenica, CA) according to the 

manufacturer’s guidelines.  

Real-time PCR: Expression levels of serum lnc RNA HULC were 

determined using GAPDH as internal control using primers and 

Maxima SYBR Green PCR kit (Thermo, USA) according to the 

manufacturer’s instructions. The primer sequences were as follows: 

HULC-forward 5′-TCATGATGGAATTGGAGCCTT-3′, HULC - 

reverse 5 ′ - C TCT TCCTGGCTTGCAGATTG-3′, and GAPDH–

forward -5′ CCCTTCATTGACCTCAACTA-3′, GAPDH-reverse, 5′-

TGGAAGATGGTGATGGGATT-3′.  Real-time PCR was done with 

the following conditions: 95 °C for 10 min, followed by 45 cycles at 

95 °C for 15 s and 60 °C for 60 s. The fold change of miRNA and 

lncRNA expression levels were calculated as 2−ΔΔCt for relative 

quantification. 

Statistical analysis: All the results were defined as mean±SD. Results 

of fold change of lnc RNA HULC was defined as median and inter 

quartile range (IQR). Comparisons of the groups were examined by 

Mann–Whitney U test for non-parametric data. Receiver operating 

characteristic (ROC) curve was achieved with using area under curve 

(AUC) to assess the best cutoff value of HULC to be used as 

biomarker for diagnosis of preeclampsia. Data indicated a statistically 

significant difference at values of P<0.05. 
 

RESULTS 
 

Clinical and demographic characteristics of case-control study: The 

main clinical and demographic findings which were obtained from all 

subjects who participated in the study (22 pregnant women who had 

PE and 23 healthy pregnant females) are demonstrated in Table 1. The 

mean ages±SD of the pregnant women with PE were 31.05±6.90 years 

and 29.83±7.30 years for healthy control group. The differences 

between the preeclamptic patients and the normal pregnant female as 

regards systolic blood pressure, diastolic  blood pressure and mean 

arterial pressure (MAP) were significantly high (p<0.0001 for each of 

them). Additionally there were significant variations in serum levels 

of AST (p=0.015), creatinine (p=0.012), 2h PP blood glucose, PT, and 

PC (p<0.0001). All other parameters including maternal age, body 
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mass index, gestational age, Albumin, ALP and FBS were not 

statistically different in cases versus controls. 

Expression of lnc RNA HULC in preeclampsia and normal 

pregnant women: To investigate the expression levels of lnc RNA 

HULC in PE, we analyzed lnc RNA HULC level in the serum from 

women with PE and healthy pregnant women. Fold change method 

was used in our study and the relative expression level of lnc RNA 

HULC in the healthy group were set as 1 (TORAIH et al., 2016). 

The expression level (fold change) of lnc RNA HULC in the serum 

was compared between the two groups. The results showed that the 

fold change of HULC in preeclamptic patients was upregulated 

significantly compared with the normal pregnant women, (p<0.001 

with 2.16 fold change). 

We stratified the preeclamptic patients according to the severity of PE 

into mild and severe preeclamptic patients and compared lnc RNA 

HULC expression to that of the control. lnc RNA HULC was 

markedly increased in both severe and mild preeclamptic subgroups 

when comparing to healthy controls (p<0.001 with 1.97 fold change 

and p<0.001 with 2.16 fold change, respectively) Figure 1 

Correlation between the clinical data and the expression level of lnc 

RNA HULC 

To further elucidate the significance of lnc RNA HULC in 

preeclampsia, we calculated the correlation of lnc RNA HULC 

expression with the clinical data of the study subjects. No association 

of lnc RNA HULC was found with the clinical data (data not shown). 

Diagnostic performance of serum lnc RNA HULC  for preeclampsia 

patients: In order to study the diagnostic accuracy of lnc RNA HULC 

as biomarker for PE, a ROC curve was calculated (Figure 2 and Table 

2). The value of the area under the ROC curve (AUC) of (95 % 

confidence interval (CI) = 0.904-1.000, P< 0.001).  

These results demonstrated that lnc RNA HULC may be promising 

biomarker for diagnosis of PE.  
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Table 1: Clinical data and laboratory features. 

                 Data expressed as Mean ± SD. 

            BP, blood pressure; MAP, mean arterial pressure; FBS, fasting 

blood sugar; 2h PP bl. GLU, 2 hour post prandial blood glucose; 

PT, prothrombin time; ; PC, prothrombin concentration; IUGR, 

intra uterine growth retardation. 

 

 

 

 

Variables 

Healthy 

Pregnancies 

(n=23) 

Preeclampsia 

Pregnancies 

(n=22) 

P value 

Age, year 29.83 ±7.30 31.05±6.90 0.568 

body mass index, 

kg/m2 
31.04±4.30 28.77±3.48 0.058 

Systolic BP, mm Hg 114.78±14.02 157.05±17.02 < 0.001 

diastolic BP, mm Hg 71.74±8.20 105.00±10.00 < 0.001 

MAP, mm Hg 93.26±9.43 131.23±12.35 < 0.001 

Gestational weeks 37.17±1.48 36.39±1.84 0.126 

AST,(U/L) 19.35±9.86 40.36±54.35 0.015 

Albumin,(g/dl) 3.30±0.38 3.01±0.39 0.164 

ALP,(U/L) 73.13±2.32 73.95±2.77 0.084 

Serum creatinine, 

(mg/dl) 
0.64±0.17 0.81±0.33 .012 

FBS, (mg/dl) 77.74±11.98 80.41±13.49 0.058 

2h PP bl. GLU, 

(mg/dl) 
113.22±16.70 118.55±17.32 < 0.001 

PT(seconds) 12.43±1.12 12.41±0.73 < 0.001 

PC 116.57±15.30 104.64±27.57 < 0.001 

(IUGR), Yes 16 (72.7%) 3 (13.0%) 
<0.001 

(IUGR), No 6 (27.3%) 20 (91.3%) 

Albumin in urine    

1+ 

2+ 

3+ 

4+ 

5 (22.7%) 

10 (45.5%) 

3 (13.6%) 

4 (18.2%) 

0 (0.0%) 

0 (0.0%) 

0 (0.0%) 

0 (0.0%) 

<0.001 
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Table 2: Predictive power, in diagnosis of preeclampsia, by lnc RNA 

HULC. 

 

Variable 
AUC 

(95% CI) 
P-value 

Cut off 

point 
Sensitivity Specificity 

Total 

accuracy 

HULC 
0.952 

(0.904-1.00) 
<0.0001 1.035 95.2% 100.00% 97.7 

AUC: area under the curve; CI: confidence interval. 

 

 

Figure 1. Lnc RNA HULC expression levels in PE pregnancies 

versus healthy pregnancies (box plot representation). The levels of 

HULC was elevated significantly in PE pregnancies, mild 

preeclampsia and severe preeclampsia subgroups relative to healthy 

pregnant females (p<0.001, each). The horizontal dotted line 

represents the expression level of the control group. 
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Figure 2. ROC curve analysis for lnc RNA HULC  between the cases 

of PE pregnancies and healthy pregnancies. The AUC between 0.5 

and 1 was considered having diagnostic significance.  
 

DISCUSSION 

PE is a multisystem pregnancy disorder affecting about 10 million 

women worldwide (DULEY, 2009). It is significantly associated with 

pregnancy-related fetal and maternal morbidity and mortality 

(KHOWAJA et al., 2015).  

Some factors such as superficial placentation, massive maternal 

inflammation, endothelial dysfunction, hypoxia of placenta and poor 

angiogenesis, have been suggested as key etiological findings. 

However, determining the exact etiology of PE has been proved to be 

a hard task (SERRANO, 2006). So, it is critical to demonstrate how 

the gene regulatory mechanisms, which may act as a tool to determine 

therapeutic targets for prevention and early diagnosis of PE. 

In recent years, non-protein coding RNAs which represent more than 

90% of the human genome transcriptional products, have taken more 

interest as they have appeared as a new class of important regulators 

of gene expression (SERRANO, 2006). Among these, miRNAs which 

have considered as important factors contributing to the development 

and progression of PE (SALOMON et al., 2017). Additionally, 
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lncRNAs, novel molecules of noncoding genes, have been certified as 

crucial member of these biological RNAs. However, the biological 

roles and molecular mechanisms of lncRNAs related to the 

pathogenesis of PE are not yet well demonstrated (ZOU et al., 2013). 

Currently, it was detected that non coding RNAs may serve as novel 

potential biomarkers for early diagnosis, prognosis prediction, and 

effective therapeutic targets  of numerous diseases (CUI et al., 2014 

and LIU et al., 2015).   

In this study, we found for the first time a higher expression levels of 

lnc RNA HULC  in serum of preeclamptic patients than  the normal 

pregnancies (p < 0.001with 2.16 fold change). HULC was 

significantly increased in each of severe and mild preeclamptic 

subgroups when comparing to normal controls (p<0.001 with 1.97 

fold change and p<0.001 with 2.16 fold change, respectively). 

Lnc RNA HULC has been involved in various pathophysiological 

pathways, such as oxidative stress, cancer, and apoptosis. It was 

proved that HULC could activate the secretion of IL-6 in 

cholangiocarcinoma. As inflammatory genes including IL-6 and 

CXCR4 are target for HULC (WANG et al., 2016). 

It was detected that cytokines could be included in the pathogenesis of 

PE (CHAN et al., 2002). Interleukin‐6 (IL‐6) and TNFα are pro 

inflammatory cytokines having injurious and adverse effects on 

pregnancy. IL‐6 and TNFα are secreted mainly by neutrophils, 

macrophages and granulocytes and are considered as main regulators 

of acute phase response. Neutrophil cells activation and 

overproduction of cytokines by the placenta in response to local 

ischemia are most probably playing a vital role in the presence of 

damaged endothelium associated with PE (CLARK and BOSWELL, 

1998). 

In addition, HULC was upregulated by oxidative stress (WANG et al., 

2016). The oxygen tension at the feto–maternal interface was much 

lower than healthy pregnancies due to the reconstruction of maternal 

blood vessels by trophoblasts (LUO et al., 2016) aggravating the 

hypoxic condition at the feto–maternal interface which cause 

oxidative stress (LUO et al., 2014). It was proved that HULC may 

regulate the inflammatory factors after stimulating oxidative stress 

(WANG et al., 2016).  
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In placentas of preeclamptic patients, lipid peroxidation and damaged 

protein molecules are significantly increased when compared to non-

pathological placentas (Vanderlelie et al., 2005). This could be due to 

an increase of oxidative stress (Shaker et al., 2013 and Can et al., 

2014), or a decrease of activities of antioxidant enzymes like 

superoxide dismutase (Vanderlelie et al., 2005). Oxidative stress can 

also stimulate the accumulation of advanced oxidation protein 

products, which could have an adverse effect on trophoblast cells and 

lead to development of PE (Huang et al., 2013). 

ROC analysis is a widely accepted method for analyzing and 

comparing the diagnostic accuracy of body fluid tests. By performing 

ROC analysis, we found that HULC had the diagnostic power with an 

AUC of 0.952 (95%, CI .861–1.000, P< 0.001) which is observed to 

be higher than of the AUC of miR-155 (which was measured in our 

study and was found to be upregulated). AUC of miR-155 was 0.667 

(95 % CI=0.465-0.868, P=0.059). Our results of upregulated miR-155 

were consistent with many studies (LI et al., 2014 and CHENG et al., 

2011).  

In conclusion, we identified that lnc RNA HULC had the potential to 

be novel diagnostic biomarker and it may be utilized as therapeutic 

target in treatment of PE.  
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 الملخص العربي

 

وعلاجي في تسمم  يتشخيص هدفك Lnc RNA HULCر.ن.أ. غير المشفرة استخدام 

 الحمل

بالحمل خاصة في البلدان النامية. للـ ر.ن.أ. غير خطير متصل  تسمم الحمل هو مرض

المشفرة دور مهم في تنظيم التعبير عن جينات معينة وتشارك في العمليات البيولوجية 

الرئيسية للعديد من الأمراض. حاليا ، يجري البحث عن استخدام المرقمات الحيوية غير 

 ذلك تسمم الحمل. ابات بما فيالمشفرة ر.ن.أ.  كأداة تشخيص لمختلف الاضطر

حالة  23مريضه بتسمم الحمل و  22في مصل   lnc RNA HULC مستوى قياس تم 

حمل صحية طبيعية استخدمت كمجموعة تحكم وتم عمل الاحصائيات المناسبة وقد اظهرت 

 الدراسة النتائج التالية

ة في مصل  مرضى تسمم الحمل مع وجود دلال lnc RNA HULCارتفاع مستوى 

 تحكم.احصائية مرتفعة بينها وبين مجموعة ال

مع وجود دلالة احصائية مرتفعة في كلتا المجموعتين  HULC ع مستوىارتفاقد وجد 

الفرعيتين مجموعة حالات تسمم الحمل الشديد ومجموعة تسمم الحمل الخفيف عند مقارنتهما 

 بمجموعة التحكم.

راضية تسمم الحمل  ويمكن إم في Lnc RNA HULCومن هنا نستخلص انه قد تشارك 

 استخدامها كمؤشرات حيوية محتملة لهذا المرض.
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