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Abstract
The aim of this study was to identify genes of the HT29 cell line, whose 
transcription occurs in response to infection by pathogenic strains of E. coli 
UM146 and E. coli UM147 isolated from individuals with CD and UC, respectively 
and in response to the presence of non-pathogenic strain of E. coli Nissle 1917, 
for better understanding of the mechanism of IBD. General findings from our 
experiments are related to protective action of chemokine ligand 6 indicating 
very important role of IL6 in inducing inflammation processes driven by two 
pathogenic E. coli strains used in our study. We also determined important 
role of molecules participating in transport of ions, carbohydrates, mRNAs 
and proteins as well as higher expression levels for molecules involved in RNA 
modification processes. Those expression differences may somehow influence 
host-pathogen interaction differences for two pathogenic strains with different 
toxin types versus one non-pathogenic E. coli. 

Keywords: Inflammatory bowel Disease; Microarray; HT-29 cell line; Escherichia 
coli 
Abbreviations: CD: Crohn’s Disease; IBD: Inflammatory Bowel Disease; PCR: 
Polymerase chain; reaction; RMA: Robust MultiChip Average; RNA: Ribonucleic 
acid; SPATE: Serine Protease Autotransporters; t-RNA: Transporting ribonucleic 
acid; UC: Ulcerative Colitis

Introduction
Crohn's disease (CD) and Ulcerative Colitis (UC) are most common diseases 

in the group of inflammatory bowel diseases (IBD). One of the features 
characteristics to both diseases is as yet undetermined etiology. Usually, 
patients with CD or UC have mutations in the genes engaged in the immune 
responses [1,2], and epithelial gaps shown by sophisticated microscopic 
examination [3]. It has also been found that the levels of expression of 
Secretory Leukocyte Protease Inhibitor (SLPI) can contribute to healing of 
lesions [4]. Likewise, protease inhibitors may also regulate the inflammation 
[5]. Furthermore, point mutations in the nod2 gene particularly in patients 
with CD decrease expression of proinflammatory cytokines, antimicrobial 
peptides including defensins [1]. In addition, studies on intestinal microflora 
composition [6,7] and pure Lipopolysaccharide (LPS) use [8] confirmed the 
involvement of microorganisms in IBD. Kind of treatments against excessive 
apoptosis postulated in IBD patients together with factors involved in IBD is 
presented in Table 1.

Material consisted of two pathogenic strains of E. coli, UM146 and UM147, 
isolated from patients with CD and UC, respectively, non-pathogenic strain 
of E. coli Nissle 1917, and human colon adenocarcinoma cell line HT-29. The 
common feature of both strains is the presence of S-fimbriae, a vacuolating 
autotransporter toxin belonging to Serine Protease Autotransporters (SPATE) 
and antigen 43. In addition, E. coli UM146 is P-fimbriae positive in the PCR test 
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Positive factors possible for modification Negative factors connected with IBD

Gravity force to abridge host-pathogen contact ‘Sticky’ immunological host-pathogen relations

Elevated concentration oxygen treatment Growth of unwanted microorganisms

Increasing peristaltic of intestines by diet
Progressive onset of inflammation kinetic

Epidermal growth factor (EGF) for intestine re-epithelialization

E. coli strains UM146 UM147 Nissle 1917

1: Results from RMA 8.6467 8.2620 4.9899

2: Contribution in 1 value 0.394852 0.377284 0.227864

3: Pythagoras equation in use a = 0.394852 b = 0.394852 + 0.377284 -

4: Pythagoras result c = 0.867238 -

5: Reference Results 1/3 1/3 1/3

6: Pythagoras equation a = 1/3 b = 2/3 -

7: Pythagoras reference result c = 0.745355992 -

8: %-difference between 4: & 7: ≈16.3522 % -

and E. coli UM147 has a sort of trypsin activity. Single colonies 
of the bacteria were cultured at 37° C for 18 h in 10 ml LB 
broth (Part No. 1427-500 BP) from Fisher Scientific. In order 
to determine the level of gene transcription of the HT29 line 
in response to bacterial infection, 1 ml of bacterial culture 
(ca. 107 CFU) was added to a flat-bottomed vessel with a 
bottom area equal to 75 cm2, in which HT-29 were cultured 
until cells became confluent and grew on the 70% area of 
the bottom. The samples after the addition of the bacteria 
were incubated for 3 hours at 37 °C in the presence of 5% 
CO2, after which a trypsin-containing solution was added 
in order to separate the cell line from the bottom surface - 
the resulting cell suspension was transferred into centrifuge 
tubes. Cells were centrifuged at 1.000 rpm for 10 min at 4°C. 
RNA isolation was performed by extraction with guanidine 
thiocyanate, phenol and chloroform (3). Hybridization 
of RNA to immobilized probes of single-stranded DNA 
on a GeneChip HG-U133A Plus 2.0 microarray and the 
detection of biotinylated RNA sequences were carried out 
according to the recommendations of Affymetrix®. Cultures 
of HT29 cells and E. coli as well as experiments involving 
microarrays were performed in a single experiment due 
to reproducibility difficulties. The results of the microarray 
were normalized using Robust MultiChip Average (RMA) 
using the Affymetrix® Expression Console™, and selection 
of line HT-29 genes differing from one another depending 
on the strain of E. coli, were determined using the equations 
from Table 2.

Only results with %-difference values higher than 
±10 were collected in Table 3 as supplementary material, 
while additional information concerning ontology terms 
and involvement in Reactome pathways in Table 4 as 
supplementary material. Presented in Tables 3 results are 
divided into three groups of RNA transcripts grouped based 
on %-differences and skewness values in comparison to 
the reference results. In the first group characterized by 
negative %-difference and positive skewness values 4 out 
of 5 ID-probes were identified: (I.) Heterogeneous nuclear 
ribonucleoprotein U (scaffold attachment factor A) – 
HNRNPU mainly involved in mRNA spicing; (II.) Chemokine 
(C-X-C motif) ligand 6 - CXCL6 involved in neutrophil 
mediated immunity; (III.) Mir210 host gene - MIR210HG with 
unknown function and (IV.) Zinc finger protein 207 - ZNF207 
participating in regulation of chromosome segregation in 
mitotic cell division were identified. To the second group 
characterized by positive %-difference and positive skewness 
only four out of nine ID-probes were identified. These are: 
(I.) Midasin AAAATP-ase 1 - MDN1 involved in ribosomal 
large subunit protein complex assembly; (II.) Small nuclear 
ribonucleoprotein polypeptide A' - SNRPA1 participating in 
mRNA splicing, via spliceosome; (III.) Nucleoporin 58 kDa - 
NUP58 involved mainly in mitotic cell cycle, t-RNA processing 
transmembrane transport of carbohydrates, mRNA and 
proteins as well as regulation of cellular response to heat 
and (IV.) Solute carrier family 20, SLC20A1 is responsible for 
phosphate-containing compound metabolic processes like 

Table 1: IBD Factors and Suggested Treatments.

Table 2: Selection of most significant results for RNA transcripts of HT-29 cell line.
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Gene Title Gene Symbol Probe Set ID
E. coli

UM146
E. coli

UM147

E. coli
Nissle 
1917

Skew 
ness

Difference
[%]

238355_at 9.5560 9.5610 4.8367 -1.73204 19.70593
Folliculin interacting protein 1 FNIP1 1559060_a_at 10.0058 10.7964 5.1830 -1.60107 19.18228

1558783_at 8.3703 7.8546 4.6693 -1.60398 17.22877
1556814_a_at 8.7754 8.1510 4.9609 -1.55234 16.86989

B-cell cll/lymphoma 10 BCL10 1557257_at 8.6467 8.2620 4.9899 -1.66091 16.35221
Centrosomal protein 95 kDa CEP95 243206_at 8.6874 8.9664 5.1175 -1.69918 15.92457

242431_at 8.2714 7.7281 4.8776 -1.56058 15.74615
Serine/threonine kinase 17b STK17B 243797_at 8.1045 8.3187 4.9287 -1.70728 15.07583

Mortality factor 4 like 2 MORF4L2 243683_at 7.6714 7.1473 4.6594 -1.52765 14.93672
Akirin 1 AKIRIN1 215029_at 8.1285 7.2822 4.9325 -1.23714 14.9055

Nuclear paraspeckle assembly transcript 1 (non-protein coding) NEAT1 214657_s_at 9.2699 10.5102 5.7899 -1.24509 14.61678
Heat shock 70 kDa protein 6 (Hsp70b') HSPA6 213418_at 9.9926 8.9153 6.1664 -1.16949 14.4292

Uncharacterized protein pro2852 PRO2852 223797_at 8.7998 7.4585 5.4659 -0.57262 14.17175
244470_at 9.1562 8.1712 5.7506 -1.13714 13.93207

Serine/arginine-rich splicing factor 11 SRSF11 236948_x_at 7.7217 8.2732 4.9619 -1.54567 13.70628
242865_at 9.1931 8.6736 5.8830 -1.56759 13.50755

Distal-less homeobox 2 DLX2 207147_at 7.3321 8.1640 4.8111 -1.30026 13.26031
Yme1-like 1 atpase YME1L1 232216_at 8.6952 9.0492 5.6892 -1.66069 13.1335

239404_at 9.6275 9.1895 6.2699 -1.62052 13.03955
242836_at 7.0722 5.4496 4.5611 0.832856 12.94369

Eukaryotic translation initiation factor 5 EIF5 241843_at 8.4420 8.1951 5.5350 -1.68644 12.89034
Leucine-rich repeats and calponin homology (ch) domain containing 

3
LRCH3 1559490_at 7.1555 7.2470 4.7143 -1.72415 12.86601

Zinc finger protein 460 ZNF460 216279_at 7.1543 7.8639 4.7577 -1.36912 12.85697
Serine/arginine-rich splicing factor 5 SRSF5 210077_s_at 8.0384 8.4889 5.3295 -1.59763 12.81286

235984_at 9.1959 8.6934 6.0481 -1.56159 12.73732
240231_at 9.0455 6.8329 5.8748 1.08064 12.70686

Cyclin L1 CCNL1 1555827_at 9.2827 9.8283 6.2009 -1.58166 12.61383
General transcription factor iia 2 GTF2A2 243985_at 8.9221 8.3645 5.8918 -1.50207 12.60192

Transformer 2 alpha homolog (drosophila) TRA2A 213593_s_at 9.8689 9.4769 6.5439 -1.64181 12.54379
affx-m27830_5_at 15.5403 15.4968 10.3818 -1.73163 12.43347

Cysteine and histidine rich domain containing 1 CHORDC1 239436_at 7.7621 7.6395 5.1849 -1.7182 12.40034
Chromodomain helicase DNA binding protein 2 CHD2 228999_at 11.9601 12.3449 8.0423 -1.68129 12.35186

244803_at 9.3209 9.0196 6.2410 -1.67089 12.28661
Solute carrier family 20 (phosphate transporter), member 1 SLC20A1 230494_at 9.1541 7.0966 6.0377 0.903552 12.27261

Wilms tumor 1 associated protein WTAP 1560274_at 7.6776 6.8677 5.1114 -1.01955 12.25827
243918_at 7.7019 8.6824 5.2588 -1.14919 12.22711

1558710_at 8.0097 8.2689 5.4174 -1.67955 12.18951
Nuclear paraspeckle assembly transcript 1 (non-protein coding) NEAT1 224566_at 13.1965 14.0459 8.9608 -1.54452 12.17787

Sideroflexin 3 SFXN3 1559993_at 8.8981 8.3241 5.9629 -1.47056 12.17454
Myelin protein zero-like 3 MPZL3 1570585_at 8.6305 9.7863 5.9496 -1.08475 11.9873

1561817_at 7.7536 6.6199 5.1936 -0.34017 11.97838
Nucleoporin 58 kDa NUP58 241425_at 8.6310 6.6314 5.7576 1.072028 11.91291

Zinc finger, c3h1-type containing ZFC3H1 1553736_at 8.1584 8.8088 5.6120 -1.44778 11.86709
239451_at 9.7114 8.7350 6.5682 -1.04242 11.80933

Small nuclear ribonucleoprotein polypeptide a' SNRPA1 242146_at 9.9244 7.8605 6.7284 0.830834 11.46845
242975_s_at 7.3032 6.2027 4.9826 -0.15436 11.41837

Retinoblastoma binding protein 6 RBBP6 1552329_at 9.6585 10.7034 6.7781 -1.23166 11.40708
Transformer 2 alpha homolog (drosophila) TRA2A 229574_at 10.9029 10.7403 7.5709 -1.71746 11.29464

Mortality factor 4 like 2 MORF4L2 243857_at 9.2221 8.4729 6.3876 -1.23903 11.16339
Sde2 telomere maintenance homolog (S. pombe) SDE2 1553338_at 8.5359 9.4955 6.0529 -1.18115 11.1322

1556602_at 7.8234 7.1624 5.4468 -1.18367 11.00138
239405_at 7.3954 7.2960 5.1902 -1.71965 10.99208

Hypermethylated in cancer 2 HIC2 212966_at 10.5608 10.2743 7.4181 -1.67923 10.9222
RNA binding motif protein 8a RBM8A 1554602_at 8.0576 7.9300 5.6677 -1.71452 10.91881

1559154_at 7.2529 6.4780 5.0535 -0.84054 10.91123
238988_at 9.6577 9.5446 6.8086 -1.72248 10.86683

Hypermethylated in cancer 2 HIC2 212964_at 9.1254 8.8912 6.4325 -1.68415 10.82422
244536_at 7.4168 6.7686 5.1995 -1.12379 10.78768
244185_at 9.2645 8.976 6.5358 -1.66016 10.78267
232696_at 7.5322 7.6925 5.3532 -1.70278 10.74581

Splicing factor 3b subunit 6 SF3B6 1561923_a_at 6.6948 5.8860 4.7016 -0.55324 10.63278

Table 3:
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241438_at 7.0277 6.5248 4.9656 -1.31561 10.60445
238771_at 7.4969 6.2644 5.2518 0.292124 10.58012

Sr-related ctd-associated factor 4 SCAF4 222310_at 7.3932 6.8402 5.2326 -1.27116 10.54432
Putative uncharacterized protein loc641298;

Nuclear pore complex-interacting protein family member b5-like;
Nuclear pore complex interacting protein family, member b3;
Nuclear pore complex interacting protein family, member b4;
Nuclear pore complex interacting protein family, member b5;

Smg1 pseudogene 1;
Smg1 pseudogene 3

LOC105369244;
LOC105369248;

NPIPB3;
NPIPB4;
NPIPB5;
SMG1P1;
SMG1P3

231989_s_at 10.319 10.7315 7.4304 -1.63013 10.43532

Sec24 homolog A, CopII coat complex component SEC24A 244841_at 9.2052 9.1893 6.5977 -1.73183 10.42054
Yth domain containing 1 YTHDC1 214814_at 8.7590 9.3344 6.3331 -1.48127 10.4116

Zinc finger and Btb domain containing 10 ZBTB10 219312_s_at 9.2052 8.9126 6.5834 -1.65158 10.37944
241824_at 5.9822 7.1689 4.4115 -0.41287 10.36932

Midasin aaa atpase 1 MDN1 1569484_s_at 6.8216 5.7109 4.8176 0.32312 10.3369
237180_at 8.4414 7.0234 5.9675 0.433408 10.29109
242558_at 9.1992 9.2721 6.6325 -1.72747 10.28257
235959_at 7.5698 6.8999 5.3974 -1.05276 10.27884
235716_at 10.6595 10.6379 7.6802 -1.73174 10.26649
242376_at 7.7209 8.3971 5.6281 -1.31443 10.26149

Af4/Fmr2 family, member 4 AFF4 232865_at 8.6570 8.1470 6.2077 -1.43354 10.20849
238738_at 9.2137 9.5169 6.6921 -1.65786 10.15955
236889_at 7.5048 6.5115 5.3647 -0.2145 10.0602
243543_at 8.4747 6.2725 5.9962 1.651765 10.00967
231205_at 8.1642 7.3075 5.8643 -0.73546 10.00276

Heterogeneous nuclear ribonucleoprotein u (scaffold attachment 
factor a)

HNRNPU 225786_at 6.6372 5.7508 8.5785 1.029414 -10.0688

Chemokine (c-x-c motif) ligand 6 CXCL6 206336_at 5.0784 4.5790 6.8441 1.395283 -11.2869
230733_at 5.4393 5.0407 7.5905 1.568947 -12.3357

Mir210 host gene MIR210HG 236480_at 4.9993 5.0161 7.1426 1.731689 -12.4719
Zinc finger protein 207 ZNF207 228157_at 6.0452 5.5377 9.1193 1.59939 -15.3267

Probe Set ID Gene Title Gene Symbol go biological process term go molecular function term
go cellular 

component term
Pathway

216279_at zinc finger protein 460 ZNF460

transcription, DNA-templated
RNA polymerase II core 

promoter proximal region 
sequence-specific DNA binding

intracellular

 
regulation of transcription, DNA-

templated
nucleic acid binding nucleus

DNA binding

protein binding

metal ion binding

Table 3:
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231989_s_at

putative 
uncharacterized 
protein LOC641298

LOC105369244 nuclear-transcribed mRNA catabolic 
process, nonsense-mediated decay

protein serine/threonine 
kinase activity membrane

 

nuclear pore complex-
interacting protein 

family member B5-like
LOC105369248 protein phosphorylation kinase activity

integral component 
of membrane

nuclear pore complex 
interacting protein 
family, member B3

NPIPB3 phosphorylation

nuclear pore complex 
interacting protein 
family, member B4

NPIPB4

nuclear pore complex 
interacting protein 
family, member B5

NPIPB5

SMG1 pseudogene 1 SMG1P1

SMG1 pseudogene 3 SMG1P3

1559490_at

leucine-rich repeats 
and calponin 
homology (CH) domain 
containing 3

LRCH3 protein binding

extracellular region

 
cytoplasm
membrane

integral component 
of membrane

232216_at YME1-like 1 ATPase YME1L1

proteolysis nucleotide binding nucleoplasm

 

misfolded or incompletely 
synthesized protein catabolic 

process
antigen binding mitochondrion

receptor-mediated endocytosis
ATP-dependent peptidase 

activity
mitochondrial inner 

membrane

phagocytosis, recognition metalloendopeptidase activity plasma membrane

phagocytosis, engulfment ATP binding
external side of 

plasma membrane
immune response peptidase activity membrane

complement activation, classical 
pathway

metallopeptidase activity
integral component 

of membrane

mitochondrion organization hydrolase activity
immunoglobulin 

complex, circulating

cell proliferation
immunoglobulin receptor 

binding
blood microparticle

T cell costimulation MHC protein binding

Fc-epsilon receptor signaling 
pathway

peptide antigen binding

Fc-gamma receptor signaling 
pathway involved in phagocytosis

metal ion binding

defense response to bacterium
innate immune response

regulation of immune response

T cell receptor signaling pathway
B cell receptor signaling pathway

positive regulation of B cell 
activation

214657_s_at
nuclear paraspeckle 
assembly transcript 1 
(non-protein coding)

NEAT1     

224566_at
nuclear paraspeckle 
assembly transcript 1 
(non-protein coding)

NEAT1  

 https://dx.doi.org/10.51931/OAJCS.2021.02.000037
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:231989_S_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:1559490_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:232216_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:214657_S_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:224566_AT
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219312_s_at zinc finger and BTB 
domain containing 10 ZBTB10

transcription, DNA-templated nucleic acid binding nucleus

 
regulation of transcription, DNA-

templated
DNA binding nucleoplasm

protein binding
metal ion binding

241843_at

eukaryotic translation 
initiation factor 5 EIF5 translation nucleotide binding nucleus

T r a n s l a t i o n _
Factors

small nucleolar RNA, 
H/ACA box 28

SNORA28 translational initiation
translation initiation factor 

activity
cytoplasm

regulation of translational initiation GTPase activity cytosol

gene expression protein binding plasma membrane
cellular protein metabolic process GTP binding

translation factor activity, RNA 
binding

poly(A) RNA binding

225786_at

heterogeneous nuclear 
ribonucleoprotein U 
(scaffold attachment 
factor A)

HNRNPU

mRNA splicing, via spliceosome nucleotide binding nucleus

mRNA_
processing_
Reactome

osteoblast differentiation core promoter binding nucleoplasm

RNA processing DNA binding
spliceosomal 

complex

mRNA processing RNA binding
telomerase 

holoenzyme complex
RNA splicing protein binding cytoplasm

aerobic respiration ATP binding mitochondrion
gene expression poly(A) RNA binding cell surface

negative regulation of telomere 
maintenance via telomerase

telomeric RNA binding membrane

circadian regulation of gene 
expression

 
integral component 
of membrane

mitochondrial respiratory chain 
complex IV assembly

 viral nucleocapsid

rhythmic process  
ribonucleoprotein 
complex

CRD-mediated mRNA stabilization  
m i t o c h o n d r i a l 
membrane

  
c y t o p l a s m i c 
ribonucleoprotein 
granule

  
CRD-mediated mRNA 
stability complex

  
catalytic step 2 
spliceosome

212966_at hypermethylated in 
cancer 2 HIC2

transcription, DNA-templated nucleic acid binding nucleus

 

regulation of transcription, DNA-
templated

DNA binding nucleoplasm

negative regulation of transcription, 
DNA-templated

protein binding plasma membrane

protein C-terminus binding
metal ion binding

 https://dx.doi.org/10.51931/OAJCS.2021.02.000037
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:219312_S_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:241843_AT
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:Translation_Factors
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:Translation_Factors
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:225786_AT
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:mRNA_processing_Reactome
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:mRNA_processing_Reactome
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:mRNA_processing_Reactome
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:212966_AT
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1554602_at RNA binding motif 
protein 8A RBM8A

nuclear-transcribed mRNA catabolic 
process, nonsense-mediated decay nucleotide binding nucleus

 

regulation of alternative mRNA 
splicing, via spliceosome

nucleic acid binding nucleoplasm

mRNA splicing, via spliceosome RNA binding
spliceosomal 

complex
transcription from RNA polymerase 

II promoter
mRNA binding cytoplasm

termination of RNA polymerase II 
transcription

protein binding cytosol

RNA processing poly(A) RNA binding nuclear speck

mRNA processing
exon-exon junction 

complex

mRNA export from nucleus
catalytic step 2 

spliceosome
regulation of translation

transport

RNA splicing

gene expression

mRNA 3'-end processing

mRNA transport

213418_at heat shock 70kDa 
protein 6 (HSP70B') HSPA6

positive regulation of T cell 
mediated cytotoxicity nucleotide binding cytoplasm

 

response to ischemia protease binding centriole

defense response protein binding cytosol

response to unfolded protein ATP binding COP9 signalosome

response to radiation enzyme binding
basolateral plasma 

membrane

response to mechanical stimulus heat shock protein binding
apical plasma 

membrane
neuron differentiation ATPase activity, coupled protein complex

cellular response to heat NF-kappaB binding
extracellular 

exosome
protein refolding unfolded protein binding blood microparticle

negative regulation of apoptotic 
process

negative regulation of cysteine-type 
endopeptidase activity involved in 

apoptotic process

response to ethanol

positive regulation of neuron 
differentiation

negative regulation of 
vasoconstriction

cellular heat acclimation

 https://dx.doi.org/10.51931/OAJCS.2021.02.000037
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:1554602_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:213418_AT
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210077_s_at serine/arginine-rich 
splicing factor 5 SRSF5

mRNA splicing, via spliceosome nucleotide binding nucleus

mRNA_
processing_
Reactome

transcription from RNA polymerase 
II promoter

nucleic acid binding nucleoplasm

termination of RNA polymerase II 
transcription

RNA binding nucleolus

mRNA splice site selection protein binding cytoplasm
mRNA processing poly(A) RNA binding nuclear speck

mRNA export from nucleus RS domain binding
RNA splicing

response to wounding
gene expression   

mRNA 3'-end processing   
regulation of cell cycle

212964_at hypermethylated in 
cancer 2 HIC2

transcription, DNA-templated nucleic acid binding nucleus

 

regulation of transcription, DNA-
templated

DNA binding nucleoplasm

negative regulation of transcription, 
DNA-templated

protein binding plasma membrane

protein C-terminus binding
metal ion binding

1553338_at
SDE2 telomere 
maintenance homolog 
(S. pombe)

SDE2 nucleus  

230494_at

solute carrier family 
20 (phosphate 
transporter), member 
1

SLC20A1

phosphate-containing compound 
metabolic process signal transducer activity plasma membrane

 

transport receptor activity
integral component 

of plasma membrane

ion transport
inorganic phosphate 

transmembrane transporter 
activity

membrane

sodium ion transport
high-affinity inorganic 

phosphate:sodium symporter 
activity

integral component 
of membrane

phosphate ion transport
sodium:phosphate symporter 

activity
signal transduction symporter activity

phosphate ion transmembrane 
transport

sodium:inorganic phosphate 
symporter activity

sodium ion transmembrane 
transport

positive regulation of I-kappaB 
kinase/NF-kappaB signaling

transmembrane transport

 https://dx.doi.org/10.51931/OAJCS.2021.02.000037
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:210077_S_AT
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:mRNA_processing_Reactome
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:mRNA_processing_Reactome
http://www.wikipathways.org/index.php/Pathway:Homo_sapiens:mRNA_processing_Reactome
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:212964_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:1553338_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:230494_AT


9

2021| Volume 2 | Article 37DOI: 10.51931/OAJCS.2021.02.000037

243985_at general transcription 
factor IIA 2 GTF2A2

transcription, DNA-templated RNA polymerase II repressing 
transcription factor binding nucleus

RNA_
transcription_
Reactome

regulation of transcription, DNA-
templated

transcription coactivator 
activity

nucleoplasm

transcription from RNA polymerase 
II promoter

protein binding
transcription factor 

TFIIA complex
transcription initiation from RNA 

polymerase II promoter
transcription factor binding cell junction

transcription elongation from RNA 
polymerase II promoter

TBP-class protein binding

gene expression
protein homodimerization 

activity

viral process
protein heterodimerization 

activity

positive regulation of transcription 
from RNA polymerase II promoter

positive regulation of sequence-
specific DNA binding transcription 

factor activity

RNA polymerase II transcriptional 
preinitiation complex assembly

236480_at MIR210 host gene MIR210HG  

1553736_at zinc finger, C3H1-type 
containing ZFC3H1 RNA processing

protein binding extracellular space

 poly(A) RNA binding intracellular

metal ion binding

1552329_at retinoblastoma 
binding protein 6 RBBP6

in utero embryonic development nucleic acid binding nucleus

 

DNA replication
ubiquitin-protein transferase 

activity
nucleoplasm

regulation of DNA replication protein binding chromosome
cellular response to DNA damage 

stimulus
zinc ion binding nucleolus

protein ubiquitination ligase activity cytoplasm

multicellular organism growth poly(A) RNA binding
microtubule 

organizing center
protein ubiquitination involved 
in ubiquitin-dependent protein 

catabolic process
metal ion binding cytoskeleton

embryonic organ development
ubiquitin protein ligase 

activity
somite development
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244841_at
SEC24 homolog A, 
COPII coat complex 
component

SEC24A

antigen processing and presentation 
of peptide antigen via MHC class I protein binding Golgi membrane

 

transport zinc ion binding cytoplasm

intracellular protein transport
endoplasmic 

reticulum
ER to Golgi vesicle-mediated 

transport
endoplasmic 

reticulum membrane
protein transport Golgi apparatus

vesicle-mediated transport cytosol
protein N-linked glycosylation via 

asparagine
ER to Golgi transport 

vesicle membrane
antigen processing and presentation 

of exogenous peptide antigen via 
MHC class II

membrane

post-translational protein 
modification

COPII vesicle coat

cellular protein metabolic process
perinuclear region of 

cytoplasm
small molecule metabolic process

regulation of low-density 
lipoprotein particle receptor 

biosynthetic process

COPII vesicle coating
positive regulation of protein 

secretion
membrane organization

positive regulation of cholesterol 
homeostasis
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207147_at distal-less homeobox 2 DLX2

negative regulation of transcription 
from RNA polymerase II promoter

RNA polymerase II regulatory 
region sequence-specific DNA 
binding

nucleus  

regulation of transcription, DNA-
templated

transcriptional activator 
activity, RNA polymerase II 

transcription regulatory region 
sequence-specific binding

regulation of transcription from 
RNA polymerase II promoter

DNA binding

transcription from RNA polymerase 
II promoter

chromatin binding

multicellular organismal 
development

transcription factor activity, 
sequence-specific DNA binding

brain development single-stranded RNA binding
proximal/distal pattern formation protein binding

subpallium development sequence-specific DNA binding
hippocampus development
olfactory bulb development

forebrain neuron differentiation
regulation of transcription from 

RNA polymerase II promoter 
involved in forebrain neuron fate 

commitment
cerebral cortex GABAergic 
interneuron differentiation
cerebral cortex GABAergic 

interneuron fate commitment
cell differentiation  

odontogenesis of dentin-containing 
tooth

 

negative regulation of Notch 
signaling pathway

 

positive regulation of transcription 
from RNA polymerase II promoter

 

embryonic cranial skeleton 
morphogenesis

 

embryonic skeletal system 
development

 

negative regulation of 
oligodendrocyte differentiation

 

branching morphogenesis of a nerve  
cartilage development

206336_at chemokine (C-X-C 
motif) ligand 6 CXCL6

neutrophil mediated immunity cytokine activity extracellular region

 

positive regulation of leukocyte 
chemotaxis

chemokine activity extracellular space

chemotaxis heparin binding  

inflammatory response
CXCR chemokine receptor 

binding
 

immune response  
signal transduction  

G-protein coupled receptor 
signaling pathway

 

cell-cell signaling  

response to lipopolysaccharide  
regulation of cell proliferation  
defense response to bacterium   

cell chemotaxis
chemokine-mediated signaling 

pathway
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1561923_a_at splicing factor 3b 
subunit 6 SF3B6

mRNA splicing, via spliceosome nucleotide binding nucleus

 

blastocyst formation nucleic acid binding nucleoplasm

mRNA processing RNA binding
U2-type spliceosomal 

complex

RNA splicing poly(A) RNA binding U2 snRNP

gene expression
U12-type 

spliceosomal 
complex

  
precatalytic 
spliceosome

  
catalytic step 2 

spliceosome

1555827_at cyclin L1 CCNL1

regulation of cyclin-dependent 
protein serine/threonine kinase 
activity

protein binding
cyclin-dependent 
protein kinase 
holoenzyme complex

 

transcription, DNA-templated
cyclin-dependent protein 
serine/threonine kinase 

regulator activity
nucleus

regulation of transcription, DNA-
templated

protein kinase binding nuclear speck

RNA processing

positive regulation of cyclin-
dependent protein serine/threonine 

kinase activity

positive regulation of transcription 
from RNA polymerase II promoter

positive regulation of 
phosphorylation of RNA polymerase 

II C-terminal domain

243857_at mortality factor 4 
like 2 MORF4L2

DNA repair

protein binding

nucleus

 

chromatin organization nucleoplasm
chromatin remodeling nucleolus

chromatin silencing plasma membrane

transcription, DNA-templated
NuA4 histone 

acetyltransferase 
complex

regulation of transcription, DNA-
templated

cellular response to DNA damage 
stimulus

chromatin modification  

histone deacetylation  

regulation of growth  

histone H4 acetylation  

histone H2A acetylation  
positive regulation of transcription 
from RNA polymerase II promoter

 

positive regulation of striated 
muscle cell differentiation
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243683_at mortality factor 4 
like 2 MORF4L2

DNA repair

protein binding

nucleus

 

chromatin organization nucleoplasm
chromatin remodeling nucleolus

chromatin silencing plasma membrane

transcription, DNA-templated
NuA4 histone 

acetyltransferase 
complex

regulation of transcription, DNA-
templated

 

cellular response to DNA damage 
stimulus

 

chromatin modification  

histone deacetylation  

regulation of growth  

histone H4 acetylation  

histone H2A acetylation  

positive regulation of transcription 
from RNA polymerase II promoter

 

positive regulation of striated 
muscle cell differentiation

 

232865_at AF4/FMR2 family, 
member 4 AFF4

transcription, DNA-templated transcription factor activity, 
sequence-specific DNA binding nucleus

 

regulation of transcription, DNA-
templated

protein binding nucleoplasm

transcription from RNA polymerase 
II promoter

nucleolus

spermatid development mitochondrion
transcription 

elongation factor 
complex

membrane
integral component 

of membrane
transcriptionally 
active chromatin

1556814_a_at  

222310_at SR-related CTD-
associated factor 4 SCAF4

nucleotide binding nucleus

 nucleic acid binding nucleoplasm
RNA binding

poly(A) RNA binding
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241425_at nucleoporin 58kDa NUP58

mitotic cell cycle nucleocytoplasmic transporter 
activity nucleus

 

carbohydrate metabolic process protein binding nuclear envelope

transport nuclear pore
nucleocytoplasmic transport membrane

mitotic nuclear envelope 
disassembly

nuclear membrane

tRNA processing
hexose transport
gene expression

regulation of glucose transport
protein transport
glucose transport

viral process
protein sumoylation

modulation by virus of host 
morphology or physiology

modulation by virus of host process   

viral life cycle   
viral transcription   

cytokine-mediated signaling 
pathway

  

gene silencing by RNA   

cellular response to heat   
post-translational protein 

modification
  

cellular protein metabolic process   
small molecule metabolic process   

mRNA transport   
protein homooligomerization   
protein heterooligomerization   

transmembrane transport  
regulation of cellular response to 

heat
 

239436_at
cysteine and histidine 
rich domain containing 
1

CHORDC1

regulation of centrosome 
duplication protein binding

  

chaperone-mediated protein folding zinc ion binding
regulation of cellular response to 

heat
metal ion binding

negative regulation of Rho-
dependent protein serine/threonine 

kinase activity
Hsp90 protein binding
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1559060_a_at folliculin interacting 
protein 1 FNIP1

negative regulation of transcription 
from RNA polymerase II promoter

guanyl-nucleotide exchange 
factor activity

cytoplasm  

regulation of protein 
phosphorylation

protein binding

positive regulation of protein 
phosphorylation

 

immature B cell differentiation  
positive regulation of B cell 

apoptotic process
 

cellular response to starvation  
positive regulation of protein 

complex assembly
 

TOR signaling  

negative regulation of TOR signaling  
positive regulation of peptidyl-

serine phosphorylation
 

negative regulation of cysteine-type 
endopeptidase activity involved in 

apoptotic process
 

positive regulation of GTPase 
activity

 

regulation of pro-B cell 
differentiation

 

1561817_at  

1569484_s_at midasin AAA ATPase 1 MDN1

ribosomal large subunit assembly nucleotide binding nucleus

 

protein complex assembly protein binding nucleolus
metabolic process ATP binding cytoplasm

ATPase activity membrane

unfolded protein binding
intermediate 

filament cytoskeleton

228157_at zinc finger protein 207 ZNF207

mitotic sister chromatid segregation DNA binding chromosome, 
centromeric region

 

microtubule bundle formation
transcription factor activity, 

sequence-specific DNA binding
kinetochore

regulation of transcription, DNA-
templated

protein binding
condensed 

chromosome 
kinetochore

cell cycle microtubule binding nucleus

chromosome segregation heparin binding chromosome
mitotic nuclear division zinc ion binding nucleolus

mitotic spindle assembly checkpoint poly(A) RNA binding cytoplasm
attachment of spindle microtubules 

to kinetochore
metal ion binding spindle

microtubule polymerization cytoskeleton
protein stabilization microtubule

cell division spindle matrix
regulation of chromosome 

segregation
mitotic spindle assembly
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213593_s_at transformer 2 alpha 
homolog (Drosophila) TRA2A

mRNA splicing, via spliceosome nucleotide binding nucleus

 

mRNA processing nucleic acid binding nucleolus
RNA splicing RNA binding membrane

poly(A) RNA binding
integral component 

of membrane
intracellular 

membrane-bounded 
organelle

229574_at transformer 2 alpha 
homolog (Drosophila) TRA2A

mRNA splicing, via spliceosome nucleotide binding nucleus

 

mRNA processing nucleic acid binding nucleolus
RNA splicing RNA binding membrane

poly(A) RNA binding
integral component 

of membrane

  
intracellular 

membrane-bounded 
organelle

236948_x_at serine/arginine-rich 
splicing factor 11 SRSF11

mRNA splicing, via spliceosome nucleotide binding nucleus

 

transcription from RNA polymerase 
II promoter

nucleic acid binding nucleoplasm

termination of RNA polymerase II 
transcription

RNA binding

mRNA processing protein binding
mRNA export from nucleus poly(A) RNA binding

RNA splicing
gene expression

mRNA 3'-end processing

1559154_at  

243797_at serine/threonine 
kinase 17b STK17B

protein phosphorylation nucleotide binding nucleus

 

apoptotic process protein kinase activity

endoplasmic 
reticulum-Golgi 

intermediate 
compartment

programmed cell death
protein serine/threonine 

kinase activity
plasma membrane

phosphorylation ATP binding actin cytoskeleton

intracellular signal transduction kinase activity membrane

protein autophosphorylation transferase activity

positive regulation of fibroblast 
apoptotic process
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228999_at
chromodomain 
helicase DNA binding 
protein 2

CHD2

transcription, DNA-templated nucleotide binding nucleus

 

regulation of transcription, DNA-
templated

core promoter sequence-
specific DNA binding

nucleoplasm

regulation of transcription from 
RNA polymerase II promoter

DNA binding nucleolus

cellular response to DNA damage 
stimulus

ATP-dependent DNA helicase 
activity

intracellular 
membrane-bounded 

organelle

muscle organ development helicase activity
extracellular 

exosome
metabolic process protein binding

chromatin modification ATP binding
DNA duplex unwinding hydrolase activity
hematopoietic stem cell 

differentiation
histone binding

poly(A) RNA binding
242558_at       

1558710_at       
1556602_at       
1558783_at       

214814_at YTH domain 
containing 1 YTHDC1

mRNA splicing, via spliceosome RNA binding nucleus

 
mRNA splice site selection protein binding nucleoplasm

mRNA processing poly(A) RNA binding nuclear body

RNA splicing
N6-methyladenosine-

containing RNA binding
239451_at  

1559993_at sideroflexin 3 SFXN3

transport

ion transmembrane 
transporter activity

mitochondrion

 

ion transport membrane

ion transmembrane transport
integral component 

of membrane

iron ion homeostasis
mitochondrial 

membrane
transmembrane transport

1560274_at Wilms tumor 1 
associated protein WTAP

regulation of alternative mRNA 
splicing, via spliceosome

protein binding

nucleus

 

mRNA processing nucleoplasm
cell cycle nuclear speck

RNA splicing nuclear membrane
gene expression MIS complex

regulation of mRNA splicing, via 
spliceosome

mRNA methylation
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1557257_at B-cell CLL/lymphoma 
10 BCL10

B cell apoptotic process protease binding immunological 
synapse

 

neural tube closure
transcription coactivator 

activity
nucleus

stimulatory C-type lectin receptor 
signaling pathway

protein binding cytoplasm

toll-like receptor signaling pathway protein C-terminus binding lysosome
response to molecule of bacterial 

origin
transcription factor binding cytosol

adaptive immune response kinase activator activity
cytoplasmic 
microtubule

immune system process enzyme binding plasma membrane
negative regulation of mature B cell 

apoptotic process
kinase binding membrane

apoptotic process protein kinase binding CBM complex

cellular defense response
ubiquitin protein ligase 

binding
T cell receptor 

complex

cell death ubiquitin binding protein complex

response to fungus protein kinase B binding membrane raft
immunoglobulin mediated immune 

response
protein self-association

lipopolysaccharide 
receptor complex

positive regulation of protein 
ubiquitination

NF-kappaB binding
perinuclear region of 

cytoplasm
response to food

positive regulation of mast cell 
cytokine production

  

Fc-epsilon receptor signaling 
pathway

  

lymphotoxin A biosynthetic process   

interleukin-6 biosynthetic process   
positive regulation of 

phosphorylation
  

regulation of apoptotic process   
positive regulation of apoptotic 

process
  

positive regulation of I-kappaB 
kinase/NF-kappaB signaling

  

positive regulation of cysteine-type 
endopeptidase activity involved in 

apoptotic process
  

innate immune response   
positive regulation of interleukin-8 

biosynthetic process
  

positive regulation of transcription, 
DNA-templated

  

T cell receptor signaling pathway   
regulation of T cell receptor 

signaling pathway
  

positive regulation of T cell 
activation

  

positive regulation of NF-kappaB 
transcription factor activity

  

protein oligomerization   
protein homooligomerization   
protein heterooligomerization   

T cell apoptotic process   
cellular response to mechanical 

stimulus
  

positive regulation of extrinsic 
apoptotic signaling pathway
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223797_at uncharacterized 
protein PRO2852 PRO2852

transport protein binding ESCRT I complex

 

protein transport ubiquitin binding cytoplasm
ubiquitin-dependent protein 

catabolic process via the 
multivesicular body sorting 

pathway

endosome

Golgi apparatus
cytosol

plasma membrane
membrane

integral component 
of membrane

1570585_at myelin protein zero-
like 3 MPZL3

cell adhesion

protein binding

membrane

 extracellular matrix organization
integral component 

of membrane
hair cycle

241824_at       
235984_at       
242376_at       

215029_at akirin 1 AKIRIN1 protein binding

nucleus

 nucleoplasm

nuclear membrane

239405_at  
244803_at  
232696_at  
238771_at  
244185_at  
231205_at  

243206_at centrosomal protein 
95kDa CEP95 protein binding

spindle pole
 cytoplasm

centrosome

242146_at
small nuclear 
ribonucleoprotein 
polypeptide A'

SNRPA1

mRNA splicing, via spliceosome protein binding nucleoplasm

 

RNA splicing U2 snRNA binding
spliceosomal 

complex
gene expression poly(A) RNA binding U2 snRNP

  
small nuclear 

ribonucleoprotein 
complex

  
catalytic step 2 

spliceosome

237180_at       

242836_at       

241438_at       

238988_at       
244470_at       
243543_at       
238355_at       

AFFX-M27830_5_
at

      

235716_at       
243918_at       
242865_at       

239404_at       
236889_at       
244536_at       
242431_at       
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https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:238355_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:AFFX-M27830_5_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:AFFX-M27830_5_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:235716_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:243918_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:242865_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:239404_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:236889_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:244536_AT
https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:242431_AT


20

2021| Volume 2 | Article 37DOI: 10.51931/OAJCS.2021.02.000037

240231_at       
238738_at       
235959_at       
230733_at       

242975_s_at       

GO term/Ontology Description No. in input list No. in BG/Ref p-value FDR
GO:0000398/P nuclear mRNA splicing, via spliceosome 7 306 1.6e-06 0.00014

GO:0000377/P
RNA splicing, via transesterification reactions

with bulged adenosine as nucleophile
7 306 1.6e-06 0.00014

GO:0000375/P RNA splicing, via transesterification reactions 7 310 1.8e-06 0.00015
GO:0006397/P mRNA processing 8 511 4.2e-06 0.00036
GO:0006396/P RNA processing 10 956 7.7e-06 0.00065
GO:0008380/P RNA splicing 7 407 1,00E-05 0.00085
GO:0016070/P RNA metabolic process 20 4716 7.3e-05 0.0061
GO:0016071/P mRNA metabolic process 8 762 7.3e-05 0.0061
GO:0010467/P gene expression 21 5626 0.00029 0.024
GO:0000166/F nucleotide binding 12 2389 0.001 0.016
GO:0016607/C nuclear speck 5 201 3.9e-05 0.0014
GO:0005654/C nucleoplasm 16 3112 6.6e-05 0.0023
GO:0005634/C nucleus 25 7055 7.5e-05 0.0026
GO:0044428/C nuclear part 18 4072 0.00013 0.0046
GO:0031981/C nuclear lumen 17 3691 0.00014 0.0049
GO:0044451/C nucleoplasm part 8 1019 0.00052 0.018
GO:0016604/C nuclear body 5 359 0.00056 0.02
GO:0070013/C intracellular organelle lumen 17 4427 0.0013 0.046

Table 5: Function of mRNA transcripts characterized by positive %-difference and negative skewness values.

phosphate and sodium ions transmembrane transport and 
positive regulation of I-kappaB kinase/NF-kappaB signaling. 
Third group we found constitute 46 ID Probes, and their 
characteristics are presented in Table 5. The most repeated 
function for this group is mediation of RNA processing 
connected with the gene expression of HT-29 cells in the 
response to pathogenic E. coli strains in terms of elevated 
level of RNA transcripts [9,10].
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