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ABSTRACT: Gene expression indicates the present state of the cell. Samples associated with the normal and cancer
stomach tissues in Homo sapiens are collected by providing different stomach tissue query terms from GEO and
ArrayExpress database. Manual curation is carried using Standard Operating Procedure (SOP) for both normal and
cancerous condition. These samples are submitted to the novel algorithm developed at IBAB, Bangalore, to validate
samples and identify stomach cancer specific genes. The study retrieved 1336 samples for stomach cancer condition.
From 1336 samples it is known that genes expressed in stomach cancer were 12309; genes not expressed in stomach
cancer were 7531. The study also retrieved 434 samples for normal stomach condition, by analyzing it is known that
genes expressed in Normal stomach were 10477 and genes not expressed in Normal stomach were 9327. By
comparison, 2080 genes were identified which were expressed in stomach cancer and not detected in Normal stomach
tissue.
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. INTRODUCTION

Meta analysis is a method that focuses on contrasting and combining results from different studies, in the hope of
identifying patterns among study results, sources of disagreement among those results, or other interesting relationships
that may come to light in the context of multiple studies. It can help to investigate the relationship between study
features and study outcomes. Stomach cancer is the fifth most common cancer in the world, with 952,000 new cases
diagnosed in 2012. The bacterium Helicobacter pylori [1] are an important cause of stomach cancers.

Paper is organized as follows. Section Il describes materials and methods, Section Il displays the obtained results.
Finally, Section IV presents conclusion.

1. MATERIALS AND METHODS

1. Identification of tissue of interest:

Stomach tissue of species Homo sapiens is selected for the study. The study is carried out for cancerous and normal
condition.

2. Identification of data sets from repositories:

The results of microarray experiments are deposited in public repositories. GEO (Gene Expression Omnibus) and
ArrayExpress are two such public repositories. The data sets are collected from these databases using different specific
query terms as given below:
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Fig. 1: Stomach cancer tissue synonyms and stomach related terms used to query public repositories (GEO and ArrayExpress)

Tissue: Stomach

Phrase () Non phrase ®
Stomach ~ Gastric ~
Pylorus ~ Pyloric ~
Fundus ~ Fundic ~
Cardial ~ Cardiacum ~
Parietal ~ Oxyntic ~
Delomorphous ~ Peptic ~
Zymogenic ~ Chief-cell ~
Chief-cells ~ Rugae ~
Rugal ~ Angular-incisure ~
Angular-notch + Antrum ~
Delta-cell ~ Delta-cells ~
D-cell ~ D-cells ~

Species: [Homo sapiens

Ouery rerms for tissue/cell npe
All of these words

Any one of these words
None of these words

e

Yolk-Sac-Tumor
Neuro-endocrine

NETs

NET
NEC

Neuroendocrine

Condition:
Phrase ' Non phrase ®
Cancer ~ Cancers
Cancerous ~ Precancerous
Carcinoma ~ Carcinomas
Sarcoma ~ Sarcomas
Carcinosarcoma ~ Carcinosarcomas
Tumor ~ Tumors
Tumour ~ Tumours
Neoplasm ~ Neoplasms
Neoplastic ~ Neoplasia
Metastasis ~ Metastases
Metastatic ~ Metastasize
Metastasized ~ Metastasise
Metastasised ~ Malignant
Malignancy ~ Malignancies
Adenocarcinoma ~ Adenocarcinomas
Carcinogenic ~ Carcinogenesis
Tumorigenic ~ Tumourigenic
Lesion ~ Lesions
Blastoma ~ Blastomas
I itheli e :
S i e s
Stomach Specific
GC ~ GCs ~
Lauren ~ Linius ~
Plastica ~ Brinton ~
Brinton's ~ Brintons ~
Brintons' ~ Leather-bottle ~
Colloid ~ Diffuse ~
Papillary ~ Tubular ~
Mucinous ~ Hepatoid ~
Mixed ~ Choriocarcinoma ~
Choriocarcinomas ~ Paneth-cell ~
Paneth-cells ~ MRT ~
Rabdoid ~ YST ~
~ ~
~ ~
~ ~
~

NECs

Query rerms for condition
All of these words
Any one of these words
None of these words

R R RPRE R RIFCRERR R TR R

Tissue: Stomach

Phrase O Non phrase ®

Stomach
Pylorus
Fundus
Cardial
Parietal
Delomorphous
Zymogenic
Chief-cells
Rugal
Angular-notch
Delta-cell
D-cell

+ Gastric

/| Pyloric

/| Fundic

' Cardiacum
+ Oxyntic
/| Peptic

/| Chief-cell
+ Rugae

+/ Angular-incisure
+ Antrum

+ Delta-cells
+/ D-cells

Query terms for tissue/cell fupe

All of these words

Any one of these words

None of these words

JRHEAEERNRRERLREREERE

Condition:

Species:

Phrase (' Non phrase ®

Normal
Controls
Disease-free
Non-cancerous
Noncancerous
Non-tumour
Nontumour
Not-treated

Zero-hour-treated

Zero-hr-treated
0-hour-treated
0-hr-treated
Ohs-treated
Donors

~ Control

~ Healthy

+ Non-cancer
~ Noncancer
~ Non-tumor
+ Nontumor

~ Untreated

~ Zero-hour-treatment
+ Zero-hr-treatment

+ O-hour-treatment
+ (-hr-treatment
+ Qhr-treatment

+ Donor

+ Vehicle-treated

Vehicle-treatment

Query terms for condition
All of these words

Any one of these words
None of these words

Submit Query

4 & K& K] KR KR RS

Fig. 2: Normal stomach tissue synonyms and stomach related terms used to query public repositories (GEO and ArrayExpress)
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Data validation demands precision. Validation of samples requires a set of rules and regulations to be framed and
followed strictly, to avoid unhealthy data which might bias the results. For the current study SOP (Standard Operating
Procedure) was provided, carefully framed by a team of researchers at IBAB, Bangalore to validate the samples. The

SOP as shown in the table 1 describes the different conditions for selection of valid datasets for stomach tissue and also

categorizing samples into different categories for normal and cancer condition.

SI. No

Condition

Description

1

Normal

Tissue/cells/commercial-sample/cell line/cultured cells, from an adult subject with no
evidence of abnormality.

It should NOT BE: tissue/cells/commercial-sample/cell line/cultured cells, with no age
specification; any treated tissue/cells/fcommercial-sample/cell line/cultured cells [e.g.,
hormone, chemical, radiation, knockout, surgical (not the surgery done for collection of
sample itself), vehicle, placebo, alterations in diet/ habits/ environment/ lifestyle/
experiment]; normal cells/tissue adjacent to tumor; pooled sample/RNA with multiple
tissues including the tissue of interest (e.g., “a pool of 10 tissues including lung” should
not be included under lung or any other single tissue).

Maybe
adult

Tissue/cells/commercial-sample/ cell line/cultured cells, from a subject with no age
specification, and no evidence of abnormality.

It should NOT BE: any treated tissue/cells/fcommercial-sample/cell line/cultured cells
[e.g., hormone, chemical, radiation, knockout, surgical (not the surgery done for
collection of sample itself), vehicle, placebo, alterations in diet/ habits/ environment/
lifestyle/ experiment], normal cells/tissue adjacent to tumor; tissue with known
developmental stages; pooled sample/RNA with multiple tissues including the tissue of
interest (e.g., “a pool of 10 tissues including lung” should not be included under lung or
any other single tissue).

Maybe
normal

Tissue/cells/fcommercial-sample/cells/cell line/cultured cells, from an adult subject with
an evidence of suspicion of variation to normal state [vehicle/placebo/surgical (not the
surgery done for collection of sample itself) treatment, normal tissue adjacent to tumor
tissue/cells, subject with other tissue disorders (e.g., normal lung tissue from subject
with prostate cancer)].

It should NOT BE: tissue/cells/commercial-sample/cell line/cultured cells, with no age
specification; any treated tissue/commercial-sample/cell line/cultured cells [e.qg.,
hormone, chemical, radiation, knockout, alterations in diet/ habits/ environment/
lifestyle/ experiment]; pooled sample/RNA with multiple tissues including the tissue of
interest (e.g., “a pool of 10 tissues including lung” should not be included under lung or
any other single tissue).

Cancer

Cancer tissue/cells/commercial-sample/cell line/ cultured cells.

It should NOT BE: benign tumor; tissue/cells/commercial-sample/cell line/ cultured
cells with no evidence of malignancy (samples with no indication of either benign or
malignant status); any treated tissue [e.g., hormone, chemical, radiation, surgical (not
the surgery done for collection of sample itself), vehicle, placebo, alterations in diet/
habitsnote3/ environment/ lifestyle/ experiment]; metastatic tissue/cells from a different
origin, other than tissue of interest (e.g., metastasized tissue/cells originating from
breast cancer/prostate cancer); cancer tissue/cells metastasized to any other tissue (e.g.,
metastasized lung cancer tissue/cells taken from prostate); pooled sample/RNA with
multiple tissues including the tissue of interest (e.g., “a pool of 10 cancer/normal/cancer
& normal tissues including lung cancer” should not be included under lung cancer or
any other cancer or normal tissue).

Table 1: Conditions in SOP (Standard operating procedure) used for validating the datasets
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4. Identification of crucial genes:

A tool with novel algorithm [2] at IBAB, accepts the tissue name, condition for which the datasets are to be Meta
analysed, and the species for which the proposed work should be carried out. The crucial genes associated with the
cancer and normal condition of the stomach tissue are derived using this algorithm. Based on the scoring method, the
algorithm gives reliability scores for all the genes transcribed, and not transcribed during the study. The algorithm also
gives the number of samples, number of studies, EST count, from which the score has been derived. The algorithm
gives two sets of genes, first a list of transcribed genes, with reliability score and second list of dormant genes, which
are basically not expressed in the tissue along with the condition (Normal and cancerous).

I1. RESULTS

1. Identification of data sets from public repositories (GEO and ArrayExpress):

The query set prepared from stomach cancer synonyms and related terms using relational expression, was used to query
GEO and ArrayExpress. This yielded 1115 samples (hits), from 36 studies in GEO and 221 samples (hits) from 10
studies in ArrayExpress, with Affymetrix platform. The same procedure was followed for normal stomach tissue. This
yielded 222 samples (hits) from 21 studies in GEO and 212 samples (hits) from 6 studies in ArrayExpress, with
Affymetrix platform. Fig 3 displays the result of data sets obtained for the query terms. Each hit contains samples,
sample description which is further used for manual curation.

Entry type w Top Organisms [Tree]
Datasets (4) Results: 1 to 20 of 4150 Page [t [oram N> Lasiz oo conens (4150)
Series (163) . ) ) L ) Mus muscuius (9)
I [0 E-cadherin/CDH1 intron2 protein isoform overexpression in Mkn28 gastric tubular o
Samples (3979) 1 " i Ratlus norvegicus (3)
Platiomms (4) - BCEnotartinoma cel ine N ) Helicobacter pylori 26695 (1)
Analysis of MKN23 cell line (E-cadherin positive) overexpressing E-cadherin isoform CDH1a. Helicabacter pylori J28 (1)
Organism CDH1a overexpression promotes mild MKN23 aggregation and increases invasion. Results More...
Select .. provide insight info role of CDH1a as a negative modulator of canonical E-cadherin function in
cancer cells.
Study type Organism: Homo sapiens Find related data ~

Expression profiling by array
Methylation profiling by array
More ...

Type Expression profiling by aray, fransformed count, 3 genotype/variation sets
Platform: GPLS70 Series: GSE32540 9 Samples

Download data: GEO (CEL)

DataSet Accession: GDS:

48 1D: 4349

pattase

Author PubMed  Similar studies GEQ Profiles  Analyze DalaSet
Select
[ Lysophosphatidic acid effect on RhoA GEF Exchange Factor NET1-deficient, AGS Search details .
Attribute name 2. gaslric adenocarcinoma cells ("stomach meoplasms" [MesA
tissue i By ) : H
- Analysis of AGS gastric cancgr [QC] cells deg\eled of NET1, a guanine exchange factor Terma] OR Gastric cancer[all
“-ore (GEF) for RhoA. and treatec.i with Ifsughosphatld\c acid, a RhoA ac.twatcr.. NET1 is up- Fields]) AND "Homo
v - ;TE#\?EidénCGC and drives its agaressive phenotype. Results provide insight into the role of sapiens” [porgn]
Publication dates Organism: Homo sapiens
30 days Type: Expression prefiling by array, transformed count, 2 agent, 3 genotypeivariation sets
1 year Platform: GPLS71 Series: GSE26308 12 Samples Search See more..
Custom range.. Download data: GEO (CEL)
DataSet  Accession: ( 56 1D: 419
Clearal PubMed  Fulltextin PMC ~ Similar studies  GEO Profiles  Analyze DataSet Recent activity &
X Tumn Off Clear
Show additional filters [0 Gastric tubular adenoma and carcinoma
e Gastric cancer) AND "Homo sapiens'[porgn]
3 Analysis of gastric tubular adenoma and carcinoma cells microdissected from formalin-fixed Q EMSD) ) P’ aE0 P g ]
paraffin-embedded sections of gastric biopsies. Early lesions are small and detectable only X
Wwith @ microscope. Results indicate that routinely processed biopsy Specimens may be useful Q Gastic cancer (4263) I
in expression profiling. o
Organism: Homo sapiens Q. GDS4349[ACCN] AND gsm[ETYP] _(g) i
Type Expression profiing by aray, log2 ratio, 2 disease state sets Rl LaeaEs
Platform: GPL1030 Series: GSE1279 4 Samoles ) nachrie rancar (ATR
Fig 3: List of data sets obtained for stomach cancer
2. Manual curation:

The validation of microarray data is carried out manually following the SOP as given in the table 1. Fig 4 shows the
framework of manual curation. For each sample the screening status is mentioned as either relevant (For example, if the
curating condition is cancer and the sample fulfils the condition as per the SOP), completely relevant (For example, if
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the curating condition is cancer and the sample belongs to either normal tissue or any other tissue like lung, oral,

oesophagus, ovary etc), not for current priority (treated tissue, secondary tumor, pooled sample).

(G5M202215
(G5M202219
(G5M202222
G5SM202224
GSM202227
(G5SM203666
(G5M231941

GSM277730  GSM27T730

GSM28475
G5SM28476
GSM28477
(G5SM28478
GSM28479

Not for current priority: Others
Not for current priority: Others
Not for current priority: Others
Not for current priority: Others
Not for current priority: Others

(G5M203666  condition: Gastric cancer-Carcinoma- ADC; St Relevant

Not for current priority: Solitary fibrous tumor, benign

condition: Gastric cancer- Carcinoma- ADC- d Relevant

Completely irrelevant: Subcutaneous Preadipocytes
Completely irrelevant: Subcutaneous Preadipocytes
Completely irrelevant: Subcutaneous Preadipocytes
Completely irrelevant: Mesenteric Preadipocytes
Completely irrelevant: Mesenteric Preadipocytes

Fig 4: Framework of manual curation

After manual curation, sample description is entered into the pipeline. After registration and login process is completed,
a query interface page is displayed wherein the type of condition is selected (cancer or normal). Next, sample interface
page is displayed. Here, their respective characteristics are selected from the drop down menu provided in the interface.
Then these samples are uploaded by clicking the upload samples button as shown in the Fig. 5

N ) Condition: Seect v UHabit l2)z][] Abbeviations
User. Al Stage: 3ok v| Grade: |Sek v [ Postmortem Sample nnnl G
Species: Fomo szpions | T2 5o w| N [Sele ] M2 ke v] - o] FPUPUPR
Tissue: sivemsch el R!éhESehd i ..Fll|tmdfelh 9 ih?_.)_ click here to view S0P belp page
Condition: cancer Celltvoe: et v '.-\g!:.Selédh\l'l el el |-
Datz: GEO : ng-.se__ =eT (| ot s
Colling: 36kl ¥ | ipnieiry/Sebe v| Gender{Seet v] Lle]
m,, P
. Male . e
_  apedbyensld Specimens of Gastric Uploaded by Anita
4 GSMI231560 SHE‘;;“;\';" ; hﬂf{fp““h'JIh pStage I Low ND T7 Gastric Cancer T7 e e B s
ﬁ“jpﬁ @ﬁfmm (i) N1 = Male: 48 Years
m low ND Tumors.
tissue type: Tumor B I Uploaded by Anita.
A : - . . .
W ::::‘;ﬁ E:Jg;r;cn_,g Tumar R Condsticn : Stomach:Gastric cancer: -~
Screening status:|Sek: v|
tissue type: Tumor & ¢
47 GSMI2E0I9T tissue site: Gastric h:r::mw]mwmm, Geneexpression data Patient 5, Tumor,Pout I:ﬂ:lrw 9
army e 0031029 o corcems ¥
Marked as

Copyright to IJIRSET

"Not for_current_priority. Treatment”

by Anita

Fig. 5: Sample uploading page for stomach cancer
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3. Identification of crucial genes:

Using the tool with novel algorithm, crucial genes associated with cancer and normal condition of the stomach tissue
are derived. Based on the scoring system, reliability score is given for all the genes transcribed or not transcribed
during the study. Following are the genes which are transcribed with high reliability score in cancer condition.

1 Gene list

2 |FAM149B1 NUDTE TFAP2C CTLAA
3 |MLN TRIMAS FCN1 SMO
4 KIFC3 KBTBD11 LEPRELS TMCC2
5 |TUBALZ Cc2lorf2 IL32 GMIP
6 |GINS2 SFT2D2 KRI1 CcCDs&2
7 |POUSF1B SLC25A10 FPACQRS EHD3
8 |TF KCMNAB2 GUCA2B ABCD1
9 |CABYR ACSMS IBAST SPMN
10 |TACR1 CLDMN1S ADRALD SERGEF
11 PLD2 KLKS EFNB1 TRO
12 [FPR2 TIAMZ CNGAL TAFI1C
13 ANXAZP3 ZSCAMN2 ENTPD3

14 SPAGSE FAaBP7T KLKT

15 [ CYP27B1 MUC2 CHI3L2

16 MAPK12 MED25 PTCD1

17 [INA SLC2a44A2 MNPY1R

18 MYLK3 FLVCR2 GLBl1L2

19 HAMND2-AS1 KIRZDLA TIMMNMSO

20 |CDT1 ZNF787 PARP11

21 FAMI110B RIMS1 CDH17

22 |E2FS5 TBX2 PTHLH

23 MMP3 XCL1 GREBI1L

24 APOA4 BIRCT UBEZNL

25 |[GRB7 MYOTB FGFBP1

26 |PTGDR GRIKS SLC4AS

27 |PFavl PPIPSK1 IHH

28 DOTIL TAT FAAH

29 ARID3A MYLLO TMPRSSE6

20 [ESM1 MNOXS VPREB3

Fig 6: Genes involved in stomach tissue (cancer condition)

V. CONCLUSION

Gene expression data from public repositories (GEO and ArrayExpress) was compiled to apply a meta-analysis
algorithm to compare expression of the genes across studies, identify differentially expressed genes across normal
stomach tissue and stomach cancer. Genes which show differential expression with high reliability score in cancer
condition were identified. FAM149B1, MLN, KIFC3 etc are the genes which show high variation in transcription in
cancer condition. Further analysis of the set of differentially expressed genes in cancer condition can lead to
identification of drug targets and biomarkers for stomach cancer condition.
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