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Abstract
AIM: To investigate the expression pattern of plasma 
long noncoding RNAs (lncRNAs) in Chrohn’s disease 
(CD) patients.

METHODS: Microarray screening and qRT-PCR 
verification of lncRNAs and mRNAs were performed 
in CD and control subjects, followed by hierarchy 
c luster ing,  GO and KEGG pathway analyses. 
Significantly dysregulated lncRNAs were categorized 
into subgroups of antisense lncRNAs, enhancer 
lncRNAs and lincRNAs. To predict the regulatory effect 
of lncRNAs on mRNAs, a CNC network analysis was 
performed and cross linked with significantly changed 
lncRNAs. The overlapping lncRNAs were randomly 
selected and verified by qRT-PCR in a larger cohort. 

RESULTS: Initially, there were 1211 up-regulated 
and 777 down-regulated lncRNAs as well as 1020 
up-regulated and 953 down-regulated mRNAs after 
microarray analysis; a heat map based on these results 
showed good categorization into the CD and control 
groups. GUSBP2 and AF113016 had the highest fold 
change of the up- and down-regulated lncRNAs, 
whereas TBC1D17 and CCL3L3 had the highest fold 
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Recent genome-wide association studies (GWAS) 
identified novel susceptibility genes for CD[5], 
highlighting the important role of genomic factors. 
However, the majority of these studies focused on 
protein-coding genes and neglected the noncoding 
RNAs (ncRNAs) that were previously regarded as junk 
RNA or transcript noises[6]. With the development 
of high-throughput technologies, huge numbers of 
ncRNAs were identified, and many ncRNAs have been 
shown to be involved in physiological processes that 
maintain cellular and tissue homeostasis[7-9]. Generally, 
ncRNAs could be categorized into small ncRNAs (< 
200 nt), such as microRNAs (miRNAs), and long 
noncoding RNAs (lncRNAs, > 200 nt). Research on 
lncRNAs has increased in recent years, showing their 
potency in regulating protein coding genes at the level 
of chromatin remodeling, transcriptional control and 
post-transcriptional processes[10]. 

A recent study revealed that lncRNAs play a pivotal 
role in immune function regulation and the progression 
of autoimmune related diseases, including CD[11]. 
An in-depth study by Mirza et al[12] reported the tran
scriptomic landscape of lncRNAs in inflammatory bowel 
disease (IBD). Furthermore, Qiao et al[13] identified the 
increased lncRNA DQ786243 level in CD patients and 
its effect on the function of regulatory T lymphocytes 
through changing CREB and Foxp3 levels. However, 
although evidence for plasma lncRNAs as noninvasive 
diagnostic biomarkers has accumulated[14,15], none 
has been reported in CD. Therefore, we conducted 
microarray screening, qRT-PCR verification and 
bioinformatics analysis of plasma lncRNAs and mRNAs 
from CD patients, aiming to provide preliminary data 
for noninvasive CD diagnosis and investigations into the 
underlying mechanism of CD. 

MATERIALS AND METHODS
Ethics statement
The protocol on human beings was approved by the 
institutional review board of the First Affiliated Hospital 
of Zhejiang University and conducted in accordance 
with the Declaration of Helsinki. The study design and 
manuscript preparation fully followed the guidelines 
from the STROBE statement. Written consent was 
obtained before beginning the study. 

Patient sample preparation
CD patients (n = 12) were selected when first 
diagnosed in the Department of Gastroenterology, The 
First Affiliated Hospital of Zhejiang University between 
January 2013 and December 2014. The diagnosis 
of CD was based on endoscopy manifestations and 
biopsy, as adopted by the Asia-pacific consensus, with 
preclusion of intestinal tuberculosis, ulcerative colitis, 
Bechet’s disease and ischemic colitis[16]. To reduce 
the bias caused by different severities and extents of 
disease, we narrowed our selection to severe CD with 
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change of the up- and down-regulated mRNAs. Six 
(SNX1, CYFIP2, CD6, CMTM8, STAT4 and IGFBP7) of 10 
mRNAs and 8 (NR_033913, NR_038218, NR_036512, 
NR_049759, NR_033951, NR_045408, NR_038377 and 
NR_039976) of 14 lncRNAs showed the same change 
trends on the microarray and qRT-PCR results with 
statistical significance. Based on the qRT-PCR verified 
mRNAs, 1358 potential lncRNAs with 2697 positive 
correlations and 2287 negative correlations were 
predicted by the CNC network. 

CONCLUSION: The plasma lncRNAs profiles provide 
preliminary data for the non-invasive diagnosis of 
CD and a resource for further specific lncRNA-mRNA 
pathway exploration.

Key words: Crohn’s disease; Long noncoding RNA; 
Inflammatory bowel disease; Plasma; Microarray
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Core tip: The pathogenesis of Chrohn’s disease 
(CD) is unclear while increasing evidence supports 
the involvement of epigenomic regulation. In this 
study, we jointly used microarray screening and qRT-
PCR verification to achieve the plasma specific long 
noncoding RNAs expression profile of patients with CD 
and their potential regulation of downstream mRNAs. 
Our results would provide preliminary data for non-
invasive diagnosis of CD and a reservoir for specific 
lncRNA-mRNA pathway exploration in the future.

Chen D, Liu J, Zhao HY, Chen YP, Xiang Z, Jin X. Plasma long 
noncoding RNA expression profile identified by microarray 
in patients with Crohn’s disease. World J Gastroenterol 2016; 
22(19): 4716-4731  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i19/4716.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i19.4716

INTRODUCTION
Crohn’s Disease (CD) is a chronic and relapsing 
inflammatory disease that could affect any part of 
the intestine. The prevalence of CD is increasing in 
developing and developed countries, making it a 
global health care problem and an interesting research 
area[1,2]. However, the mechanism of CD remains 
vague; the involvement of genetic predisposition, 
immune response and environmental factors has been 
advocated[3]. Although the development of 5-amino
salicyte acid, prednisone and anti-inflammatory 
reagents has improved CD therapy, their effects are 
much more alleviative and sometimes are ineffective 
for refractory CD[4]. Therefore, the development of 
novel CD therapeutics is urgently needed, and the 
exploration of CD mechanisms is of clinical importance. 



small intestine involvement and related comorbidities 
(3 aphthous, 3 perianal abscess, 2 anal fistula and 
2 arthralgia). The CD severity degree was assessed 
based on Harvey-Bradshaw index (HBI) and HBI > 9 
was regarded as severe[17]. In CD patients, the average 
HBI was 11.3. Control subjects (n = 12) were enrolled 
from healthy volunteers without any health problems 
during their health checkups at our hospital during the 
same period. The authors had access to identifying 
information during or after data collection (Table 1). 
In this study, 3 of 12 subjects were randomly chosen 
from each group for microarray analysis, and ensuing 
qRT-PCR verification of significantly dysregulated 
lncRNAs and mRNAs was performed for the whole 
group. All blood samples were collected in a separate 
vacuum tube and sequentially centrifuged at 3000 rpm 
for 10 min and at 12000 rpm for 10 min. The cell-free 
plasma from supernatant was then stored at -80 ℃ for 
further analysis. 

RNA isolation and quality control
Total RNA was isolated from each plasma sample by 
separately mixing the sample with Polyacryl Carrier 
(MRC, OH, United States), TRIzol reagent (Invitrogen, 
Carlsbad, CA, United States) and chloroform, according 
to the manufacturer’s protocol. RNA purification was 
routinely performed with an RNeasy Mini Kit (Qiagen, 
Hilden, Germany). RNA quantity was measured with 
a NanoDrop ND-1000 spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA), and RNA quality 
was tested with an Agilent 2100 Bioanalyzer (Agilent 
Technologies).

Microarray analysis and computational analysis
A human 8 × 60 KLncRNA/mRNAV3.0 microarray (Array
star, Rockville, Maryland, United States) containing 
30586 human lncRNAs and 26109 protein-coding 
transcripts was used in our study. Each transcript 
was represented using 1-5 probes to improve the 
statistical confidence. Generally, sample labeling and 
array hybridization were performed (Supplementary 
method) according to the One-Color Microarray-Based 
Gene Expression Analysis protocol (Agilent Technology, 
Santa Clara, CA, United States), and Agilent Feature 
Extraction software (version 11.0.1.1) was used to 
analyze the acquired array images. The quantile 
normalization and subsequent data processing were 

performed with the GeneSpring GX v12.1 software 
package (Agilent Technologies). Differentially expressed 
lncRNAs and mRNAs with statistical significance 
between the two groups were identified through a 
paired t-test (P < 0.05), multiple hypothesis testing 
(FDR < 0.05) and fold change filtering (≥ 2.0 or ≤ 
0.5). Further hierarchical clustering was performed to 
visualize numerical changes of lncRNAs and samples. 
The lncRNAs expression data have been deposited 
into Gene Expression Omnibus (GEO) under accession 
number GSE75459.

Based on the microarray data, the significantly 
differentially expressed lncRNAs were further cate
gorized into antisense_LncRNAs, enhancer_LncRNAs 
and LincRNAs according to their potential effects and 
associations with downstream mRNAs. For the mRNA 
analysis, Gene Ontology (GO) that describes genes and 
gene products in any organism was used, covering the 
domains of Biological Process (BP), Cellular Component 
(CC) and Molecular Function (MF). Pathway analysis 
was also carried out for a functional analysis of mapping 
genes to KEGG pathways. Fisher’s exact/χ 2 test and 
FDR were jointly used for significance detection. The 
P-value denotes the significance of GO term and 
Pathway correlated to the conditions. The lower the 
P-value, the more significant the Pathway and the 
GO Term. The FDR indicates the false discovery rate; 
a smaller FDR indicates smaller error in judging the 
P-value. 

Quantitative real-time polymerase chain reaction 
validation 
The total RNA isolated from the CD and control 
groups was reverse transcribed using a PrimeScript 
RTreagent Kit with gDNA Eraser (Perfect Real Time) 
(TaKaRa, Dalian, China) in accordance with the 
manufacturer’s instructions. U6 snRNA was amplified 
as a normalization control, and the relative amount of 
each lncRNA/mRNA to U6 RNA was calculated using 
the equation 2-ΔCT, where ΔCT = CTmiRNA - CTu6. Based 
on combinational consideration of the fold change, raw 
data, FDR, P-value and clinical manifestation reported 
by previous studies, 10 mRNAs were selected for 
quantitative real-time polymerase chain reaction (qRT-
PCR) verification (Table S1) with a SYBR Green PCR kit 
(TaKaRa), with 3 replicated each. The same procedure 
was performed on 14 lncRNAs for verification (Table 
S1); these lncRNAs were selected from the overlap 
between the CNC network predications and the 
lncRNAs microarray data, with further preclusion of 
fold change < 2 and raw data density < 200. 

Co-expression network construction and statistics
The co-expression network of lncRNA-mRNA was 
constructed based on the correlation between 
significantly differentially expressed lncRNAs and 
mRNAs, as previously reported[18]. In the network, 
a pink node represents a significantly expressed 
mRNA, and a blue node represents the related 
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Table 1  Clinical characteristics and laboratory tests of enrolled 
subjects

CD (n  = 12) Control (n  = 12) P  value

Gender (M/F) 6/6 7/5  > 0.0501

Age (yr)   37.8 ± 14.6   42.8 ± 14.8    0.420
BMI (kg/m2) 20.8 ± 1.8 23.3 ± 1.4    0.001
CRP (mg/L) 47.3 ± 6.9   4.4 ± 2.1 < 0.001
WBC (10E9/L) 11.6 ± 1.6    5.7 ± 0.9  < 0.001

1χ 2 = 0.17.
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RESULTS
Expression pattern of lncRNAs and mRNAs in CD
Compared with the control group, the BMI was signifi
cantly lower and the WBC and CRP were significantly 
higher in CD patients (Table 2). A microarray analysis 
of lncRNAs and mRNAs was carried out in randomly 
selected subjects. As jointly evaluated by heat 
map, box plot, scatter plot and volcano plot, the 
differential expression of lncRNAs and mRNAs was well 
categorized in the CD and control groups with good 
RNA quality and microarray image control (Figure 1). 
Compared with the control group, there were 1211 
up-regulated and 777 down-regulated lncRNAs in 
the CD group (fold change ≥ 2.0, P < 0.05; Table 
S2). Moreover, there were 1020 up-regulated and 
953 down-regulated mRNAs (fold change ≥ 2.0, P < 
0.05; Table S3). The top 10 dysregulated lncRNAs and 
mRNAs are summarized in Table 2. 

Computational analysis of significantly dysregulated 
lncRNAs and mRNAs
To narrow the large number of lncRNAs retrieved from 
the microarray data, we further carried out lncRNAs 
subgroup analyses. Based on the association between 
an lncRNA and its nearby mRNA, lncRNAs were 
categorized into antisense lncRNAs, enhancer lncRNAs 
and lincRNAs, providing a more accurate source for 
further functional study (Table S4). Briefly, among the 
15 antisense lncRNAs, up-regulated ENST00000569039 
had the highest fold change of 82.92, targeting 
the nearby gene NM_001042539 (myc-associated 
zinc finger protein isoform 2); the down-regulated 
ENST00000555407 had the highest fold change of 4.97, 
targeting the nearby gene NM_001085471 (forkhead 
box protein N3 isoform 1). Of the 81 enhancer lncRNAs, 
up-regulated ENST00000422548 had the highest 
fold change of 444.43, targeting the nearby gene 
ENST00000367818 [chemokine (C motif) ligand 1], 
and the down-regulated ENST00000427085 had the 
highest fold change of 24.29, targeting the nearby gene 
ENST00000534062 (retrotransposon-like 1). Finally, in 
the 161 lincRNAs, the up-regulated TCONS_00027580 
had the highest fold change of 54.09, targeting the 
nearby gene NM_001102599 (carcinoembryonic 
antigen-related cell adhesion molecule 20 isoform 4L 
precursor), and the down-regulated TCONS_00027621 
had the highest fold change of 45.60, targeting the 
nearby gene NM_001164309 (zinc finger protein 415 
isoform 2). 

The top 10 dysregulated GO processes of each 
subgroup (BP, CC and MF) are presented in Figures 
2 and 3. Because the GO manifestations in up- and 
down-regulated mRNAs varied, we analyzed them 
separately. In the up-regulated mRNAs as shown in 
Figure 2, the largest GO processes included single-
organism process, neurogenesis and negative 

lncRNA. Moreover, the red solid line represents a direct 
connection of a positive correlation between specific 
lncRNAs and mRNAs, and the green line represents 
a direct connection of a negative correlation. SPSS 
(version 16.0, Chicago, IL, United States) was used 
for statistical analyses. The data are expressed as 
the mean ± SD. Variables of the microarray and qRT- 
PCR data between the two groups were compared 
by Student’s t-test. In the microarray results, a 
fold change of lncRNAs/mRNAs ≥ 2.0 was chosen 
for further analysis, and P < 0.05 was considered 
statistically significant. 
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Table 2  Top 10 dysregulated long noncoding RNAs and 
mRNAs in Chrohn’s disease patients

Gene name Transcript Fold change

Up-regulated lncRNAs
   GUSBP2 ENST00000466668 626.49
   RP5-968D22.1 ENST00000422548 444.43
   RP11-68L1.2 ENST00000502712 324.23
   RP11-428F8.2 ENST00000425364 245.98
   GAS5-AS1 NR_037605 236.81
   RP11-923I11.5 ENST00000562996 196.25
   DDX11-AS1 NR_038927 192.07
   XLOC_005955 TCONS_00014043 175.81
   XLOC_005807 TCONS_00012771   87.76
   AC009133.20 ENST00000569039   82.92
Down-regulated lncRNAs
   AF113016 uc001ody.3 481.03
   ALOX12P2 ENST00000575787 298.81
   AGSK1 uc010bmo.1 208.70
   CTC-338M12.3 ENST00000509252 172.74
   AC064871.3 ENST00000413954   96.13
   RP11-510H23.3 ENST00000431104   77.63
   LOC729678 uc011dhd.2   69.95
   XLOC_010037 TCONS_00020749   66.82
   LOC283761 NR_027074   58.70
   XLOC_013142 TCONS_00027621   45.60
Up-regulated mRNAs
   TBC1D17 NM_024682 488.98
   GALNT8 NM_017417 303.23
   DENND1A NM_024820 301.75
   VANGL1 NM_001172411 247.83
   VPS29 NM_057180 189.17
   EHD1 NM_006795 132.08
   FAM84A NM_145175 121.69
   SAA4 NM_006512 105.50
   ZNF33A NM_006974 101.84
   GKN1 NM_019617   91.51
Down-regulated mRNAs
   CCL3L3 NM_001001437 994.63
   BGLAP NM_199173 501.53
   SLC51B NM_178859 499.44
   BAG4 NM_004874 134.54
   MAU2 NM_015329 115.54
   TSNARE1 NM_145003 106.10
   DIXDC1 NM_033425   93.11
   ZBTB25 NM_006977   82.42
   CMTM8 NM_178868   75.71
   ANXA1 NM_000700   69.07

The top 10 dysregulated lncRNAs and mRNAs are listed based on 
significantly differentially expressed lncRNAs and mRNAs (P < 0.05) and 
the fold change.
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Figure 1  Raw image, RNA quality and bioinformatics analysis of differentially expressed long noncoding RNAs and mRNAs in Chrohn’s disease patients. 
A: Raw image of the microarray analysis. The green dot on the black background represents a single lncRNA or mRNA. C1-C3 were control samples, and D1-D3 
were CD samples; B: RNA elecotrophoretogram showing good RNA quality (1-3 were control, and 4-6 were CD); C: Box plot visualizing the lncRNA (left panel) and 
mRNA (right panel) expression variations; D, E: Scatter plot and volcano plot showing the distributions of lncRNAs (left panel) and mRNAs (right panel) in a more 
direct way. After normalization, the distributions of the log2 ratios among samples were nearly the same. The values of the X- and Y-axes in the scatter plot were the 
averaged normalized signal values of the group (log2 scaled). The green lines in the scatter plot and volcano plot represent the default significant fold change (2.0); 
F: Hierarchical cluster analysis of microarray data assessing the significant expression of lncRNAs (left panel) and mRNAs (right panel) between the CD and control 
groups. Red and green denote high and low expression, respectively. Each RNA is represented by a single row of colored boxes, and each sample is represented by 
a single column.
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regulation of cytokine production involved in immune 
response in BP; cytoplasm, membrane and phagocytic 
cup in CC; protein binding, S-acyltransferase activity 
and inorganic anion exchanger activity in MF, according 
to the different algorithms of routine classification, 
enrichment score and fold enrichment. Similarly, the 
largest GO processes of the down-regulated mRNAs 
were cellular process, presentation of exogenous 
peptide antigen via MHC class Ⅰ TAP dependent, 
antigen processing and presentation of endogenous 
peptide antigen in BP; cell part, extracellular vesicular 
exosome and MHC class Ⅰ protein complex in CC and 
binding, protein binding and RAGE receptor binding in 
MF (Figure 3). 

As further shown in Table S5, through the KEGG 
pathway analysis, 37 gene pathways were found 
to be targeted in up-regulated mRNAs; the top 3 
processes were dilated cardiomyopathy, endocytosis 
and the estrogen signaling pathway (Figure 4A). More 
importantly, the IBD process itself was at the sixth 
of the top 10 pathways according to the enrichment 
score. Similarly, 32 gene pathways were found in 

down-regulated mRNAs; the top 3 processes were 
Huntington’s disease, proteasome and oxidative 
phosphorylation (Figure 4B). 

Downstream mRNAs selection and qRT-PCR verification
Based on the high normalized intensity in the raw 
data, high fold change, significant P-value and clinical 
meanings, we selected 10 mRNAs (SNX1, CYFIP2, 
CD6, CMTM8, AURKB, BGLAP, STAT4, WNT4, IGFBP7 
and TGFβ-2) for qRT-PCR verification. As shown in 
Figure 5A, six mRNAs (SNX1, CYFIP2, CD6, CMTM8, 
STAT4 and IGFBP7) showed the same change 
tendency between the microarray and qRT-PCR results 
with statistical significance. AURKB and WNT4 showed 
the opposite change between the microarray and qRT-
PCR results without statistical significance.

CNC network construction and predicted lncRNAs 
verification by qRT-PCR
Because lncRNAs participate in the regulation of 
gene expression in transcriptional, epigenetic and 
posttranscriptional stages, it is plausible that certain 
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lncRNAs are involved in CD pathogenesis. Based on 
the six qRT-PCR verified mRNAs, we predicted 1358 
potential lncRNAs with 2697 positive correlations 
and2287 negative correlations between mRNA 
and lncRNAs by CNC network construction (Figure 
S1 and Table S6). After cross-linking between 
CNC predicted lncRNAs and lncRNAs microarray 
results, we selected 14 lncRNAs (NR_033913, 
NR_073047, NR_038927, NR_038218, NR_036512, 
NR_072994, NR_049759, NR_046052, NR_033951, 
NR_045408, NR_038377, NR_015413, NR_039976 
and NR_038345) for qRT-PCR verification based on 
the selection criteria used for mRNAs. As shown in 
Figure 5B, 8 lncRNAs (NR_033913, NR_038218, 
NR_036512, NR_049759, NR_033951, NR_045408, 
NR_038377 and NR_039976) showed the same 
change tendency between the microarray and qRT-
PCR results with statistical significance. Two lncRNAs 
(NR_073047 and NR_015413) showed the opposite 
change tendency without statistical significance. Four 
lncRNAs (NR_038927, NR_072994, NR_046052 and 
NR_038345) showed the same change tendency as 

in microarray results, but the results did not reach 
statistical significance (See detailed qRT-PCR and 
microarray results in Table S7). 

DISCUSSION
CD is an important subtype of IBD with characteristics 
of intestinal full-thickness lesions and severe 
complications including perforation, fistula formation, 
malnutrition and carcinogenesis. Currently, next-
generation sequencing and high-density microarrays 
have provided novel methods for CD study. For 
example, the NOD2/CARD15 gene mutation was 
identified to be associated with a CD phenotype[19], 
whereas a novel CD locus mapping to a gene desert on 
5p 13.1 was also reported[20]. Nevertheless, according 
to the recent meta-analysis of GWAS studies, the 
number of confirmed genetic loci associated with CD 
was 150, although an overwhelming majority of these 
loci are located in noncoding regions[5], suggesting 
the importance of ncRNAs in CD research. A recent 
study showed that the loss of endogenous intestinal 
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miRNAs caused impairment of epithelial barrier 
function, resulting in acute inflammation[21]. Further 
accumulating data supported an active role of miRNAs 
in the pathogenesis of IBD[22]. However, research into 
lncRNAs, another subgroup of ncRNAs with ability in 
binding protein, RNA and DNA, in CD has been rarely 
reported. 

In this study, we used microarray screening and qRT-
PCR verification to obtain the profile of plasma lncRNAs 
in carefully selected CD patients. We identified a total 
of 1988 and 2993 dysregulated lncRNAs and mRNAs 
between the CD and control groups; the numbers in 
our study were much higher than 450 lncRNAs and 
1100 mRNAs from Mirza’s report[12]. This difference 
might be due to the relatively lower sample size of our 
study, which makes the data more dispersed. Moreover, 
there were no overlap of dysregulated lncRNAs between 
our results and the top 10 dysregulated lncRNAs we 
extracted from Mirza’s paper, except one lncRNA - 
DIO3OS that was up-regulated in our but down-
regulated in their study. One possible explanation 
might be the secretion of DIO3OS from intestinal 
tissue to circulation, which needs further investigation. 
The intrinsic difference between our and Mirza’s 

results is the source of the lncRNAs. We reported, for 
the first time, the plasma lncRNAs in CD patients. If 
we could enlarge sample size and narrow down the 
scale of plasma lncRNAs, this method would become 
a good candidate for the non-invasive diagnosis of 
CD. Circulating lncRNAs (serum and plasma) have 
already been used as non-invasive biomarkers for liver 
cancer[23], breast cancer[24] and lung cancer[25], implying 
their wide application potential. It is theoretically 
plausible to use plasma lncRNAs because they are 
quite stable when included in lipid or lipoprotein 
vesicles in the circulation. A recent study showed that 
lncRNAs might be protected by exosomes in blood[26]. 
Nevertheless, the detailed secretion mechanisms of 
lncRNAs remain vague.

The application of bioinformatics is pivotal for in-
depth analyses of huge data from microarray results. 
For lncRNAs, we used subgroup analyses based on 
the category of antisense lncRNAs, enhancer lncRNAs 
and lincRNAs, according to the effect and gene locus 
of the lncRNAs. For mRNAs, we combined the GO and 
KEGG pathway for enrichment analysis. In the GO 
analysis, we found that the largest portion of mRNAs 
was located in the cytoplasm and was involved in 
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single-organism process and protein binding activity. 
In the KEGG pathways, we found IBD and oxidative 
phosphorylationin the list of the top 10 dysregulated 
pathways. The former finding supported the effecti
veness of our study whereas the latter finding re
vealed the possibility of oxidative stress and energy 
metabolism in CD pathogenesis. 

Of the top 10 up- and down-regulated lncRNAs (Table 
2), only GAS5-AS1 was reported to be associated with 
various cancers[27], leaving a large blank area for further 
study. Of the top 10 up-regulated mRNAs, VANGL1 is a 
planar cell polarity component with a developing role in 
cancer[28], and FAM84A is associated with the enhanced 
migration of human colon cancer cells[29]. These mRNAs 
might contribute to the more frequent occurrence of 
colon cancer in the background of CD. Plasma SAA4 
is present mostly in high density lipoproteins[30]. 
Therefore, the increased expression of SAA4 in CD 
might imply its potential role in assisting the stable 
existence of lncRNAs in the circulation. Of the top 10 

down-regulated mRNAs, CMTM8 was revealed to induce 
caspase related apoptosis through a mitochondrial–
mediated pathway[31], whereas BAG4 is involved in 
mitochondrial apoptosis[32], indicating the importance of 
apoptosis in the aetiology of CD. Moreover, ZBTB25 was 
found as a novel NF-AT repressor that participates in 
T-cell development, differentiation and lineage-specific 
transcription[33], emphasizing the importance of T cell 
mediated immune imbalance in CD pathogenesis. 

Because we listed the top 10 dysregulated lncRNAs 
and mRNAs according to the relative fold change, there 
might be some genes that actually have raw data of low 
density (< 200). Therefore, we first selected 10 mRNAs 
for qRT-PCR verification based on the joint consideration 
of the P-value (< 0.05), fold change (> 2) and raw 
data (> 200). Then, we used CNC network analysis 
with combination of the mRNAs selection criteria and 
selected 14 lncRNAs for further qRT-PCR verification. Of 
the finally verified 6 mRNAs, a significantly increased 
STAT4 level was also reported in previous report[34], 
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implying its importance in CD. Moreover, CD6 acts 
as a cell surface receptor and a target for regulating 
immune responses[35], whereas CYFIP2 is involved in 
T cell adhesion[36], further emphasizing the importance 
of T cell mediated immunity in CD. In 8 of 12 verified 
lncRNAs, NR_049759 is the transcript variant 2 of the 
coding gene IFITM3 that was up-regulated in colon 
mucosa of DSS induced mice[37], an animal model of 
IBD. NR_045408 is the antisense RNA of the coding 
gene RCNA3 that acts as a tumor suppressor[38], 
indicating the possibility of the NR_045408-RCNA3 
pathway involvement in the occurrence of cancer in 
CD. 

We identified the expression pattern of plasma 
lncRNAs based on microarray data. Further bioinfor
matics analyses successfully categorized the subjects 
into CD and control groups according to the lncRNAs 
profile, supporting the possibility of using this method 
as a non-invasive method for CD diagnosis. However, 
due to the small sample size, the retrieved profile 
contains many lncRNAs, which might become an 
obstacle for further application in clinics. Therefore, 
enlarging the experimental size to narrow the enrolled 
lncRNAs is urgently needed. Furthermore, because 
we only focused on severe CD subjects in this study, 
investigating lncRNAs expression in mild and moderate 
CD is suggested. Finally, it is better if we can compare 
the lncRNAs in plasma and intestinal tissue, which 
may be helpful for the mechanism exploration of CD. 
For the mRNA data, the GO and KEGG pathways were 
used to obtain more information. Approximately 60% 
of the microarray retrieved lncRNAs and mRNAs were 
verified by qRT-PCR, supporting the effectiveness 
of microarray screening. Several qRT-PCR verified 
lncRNAs and mRNAs were related with cancer or T-cell 
mediated immunity. Therefore, our data also provide 
a resource for further study of the lncRNA-mRNA 
pathway in CD pathogenesis. 
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