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ABSTRACT

MY C overexpressionis a common phenomenon in gastric carcinogenesislin this study, we identified gene:
differentially expressedwith a downregulated profile in gastric cancer (GC)cell lines with silenced MYC. The
TTLL12 CDKN3 CDC16 PTPRA MZT2B UBEZ2T genes were validated using gRFPCR, western blot anc
immunohistochemistryin tissuesof 213 patients with diffuse andintestinal GCWe identified high levelsof TTLL1;
MZT2B CDC16UBEZ2T associatedwith early and advancedstages,lymph nodes, distant metastasesand risk
factors suchasH. pylori. Our resultsshow that in the diffuse GCthe overexpressionof CDC1@&nd UBE2Tindicate
markersof poor prognosishigher than TTLL12Thatis, patients with overexpressionof these two geneslive les:
than patients with overexpressionof TTLL12In the intestinal GC, patients who overexpressedCDC16had a
significantlylower survivalrate than patients who overexpressedMZT2Band UBE2Tindicatingin our data a worse
prognostic value of CDCl6comparedto the other two genes.PTPRAand CDKN3proved to be important for
assessingumor progressionin the early and advancedstages.In summary,in this study, we identified diagnostic
and prognosticbiomarkersof GCunderthe control of MY G related to the cell cycleandthe neoplasticprocess.

INTRODUCTION very high incidence, mainly in East Asia, Eastern
Europe, and South Amerida, 2]. In 2018, data from

Gastric cancer (GC) is classified globally as one of the the GLOBOCAN (Global Cancer Observatory)

most common in the world, with high mortality and a edimated 1,033,701 new cases of stomach cancer
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worldwide, representing 5.7% of all new cancer cases. up. Thus, these genes were chosen among the top 10
These data also estimated that gastric tumors were the most differentially expressed according to the following
third leading cause of canesmrlated death in men and criteria: be downregulated (regulated positively by
the fifth in women, showing that this diseasemore MYC), have not yet been described in gastric cancer by
likely to be diagnosed in men than in wom@jp. GC our research group and are related to the cell cycle and
is an aggressive disease commonly diagnosed at neoplastic processes pointed out by our bioinformatics
advanced stages, and surgical resection associated with analyzes.

chemotherapy or chemoradiation is considered the

main treatment option4]. The prognosis ofthis RESULTS
disease is still poor, partly as a result of local
recurrence, tumor invasion, and/or metastfsjis The DEGs after silencing of MYC in ACP02 and ACP03

overall relative Syear survival rate is currently less cell line
than 209%6].

We performed an RN/eq data analysis from the Gene
MYC dysregulationis a common event in gastric Expression Omnibusepository (GEO) with accession
carcinogenesis, including early tumors and number GSE81265 to quantify the transcripts and their
premalignant lesiong’]. We have shown in our studies isoforms in the ACP02 and ACPO03 cell lines with the
that MYC overexpression is an important finding in  silencedMYC, that reduced the expression of this gene
Brazilian sample§3i 12]. Other studies have shown that by 84% in the ACP02 and 77% in the ACPO03. Before

MY C amplification andbverexpression was identified in silencing, c# phenotypes were heterogeneous, similar
6-58% of sporadic gastric tumof$3i 15], being more to a typical tumor cell line and after silencing, cells

frequent in Brazilian sampldg, 16, 17], generally as a became more homogeneous, viable, but significantly
result of gene amplification and chromosomal lost their tumor capacity for invasion and migration as
translocations[5, 18]. Although studies show an shown in our previous studigks, 29].

association of ioreasedMYC expression in GC, its

function in gastric tumorigenesis is still uncl¢a®, 20] From a panel of DEGs, we selected only downregulated

because most higherformance studies carried out so  genes with Log FC > 1 andp-value < 0.01. We use
far on the genetics of GC ignore the importance of [og, FC [M/C]; where M:MYGC-siRNA and C: Contrel
MYC in this proces$5, 21i 25]. siRNA. We identified 4.098 genes with a
downregulated profile in ACP02 and another 842 in
In a previous study, westablished and characterized ACP03, to be xplored in our studies, whose
three cell lines, AGPO1, ACP02 and ACPO03, obtained  deregulation is directly or indirectly associated with
from GC with metastases of an intestitgbe, MY Camplification, Supplementary Tables 1 and 2.
diffuse-type and intestinatype, respectively[26].
Those cell lines also carry genetic alterations Thus, six differentially expressed genes (three from
commonly found in BrazilianGC patients, such as ACPO02 and three from ACP03) from the top 10 (Table
MYC amplification and overexpression antP53 1) were selectedto assess their prognostic and
deletion[7, 27, 28]. Also, these cell lines present the predictive value in clinical specimens of GC tumors that
MY C silencing that was done through the interference  exhibit MYC immunoreactivity. The following genes
RNA (RNAI), where we explore with bioinformatics were selectedTTLL12 (Tubulin tyrosine ligasdike

tools the transcriptome of the three cell Iin_es to family member 12)CDKN3 (Cyclin-dependent kinase
better understand the MYC regulatory signature inhibitor 3), CDC16 (Cell division cycle 16)PTPRA
profile and its targetf29]. (Protein tyrosine phosphatase, receptor type, A),

MZT2B (Mitotic spindle organizing protein 2B) and
In this study, we used an analysis made on public RNA  UBE2T(Ubiquitin-conjugating enzyme E2T).
sequencing (RNAeq data from two cell lines
mentioned above ACPOR diffusetype and ACP03 Clinical-pathological features and expression of
intestinaltype, both silenced by the expressionvbfC TTLL12, CDKN3, CDC16 PTPRA MZT2B and
[29, 30]. Then, we validated the results of the UBE2T in gastric cancer
transcriptome using gene expression analysis for three
of the top 10 Differatially Expressed Genes (DEGS) of We evaluated the guantitative expression of mRNA,
each cell line:TTLL1Z2 CDKN3 and CDC16 for the protein and immunohistochemistry TLL12 CDKN3
ACP02 andPTPRA MZT2BandUBE2Tfor the ACP03 CDC16 PTPRA MZT2BandUBE2Ti n 213 pati
in 213 samples of gastric adenocarcinoma and their tumor tissues (compared to paired normal gastric
nonneoplastic pairs, as well as survival data for all  tissues) with vaous clinical and pathological
patients from the tim of diagnosis to the-fear follow characteristics shown Bupplementarfables 3 and4.
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Table 1. ToflO differential expressed genes in gastric cancer.

The panel of DEGs in a gastric cell line of diffuse histological subtype
ACP02: MYC -siRNA (2M) vs. Control-siRNA (2C)

Downregulated Upregulated
gjr?]iol Log,FC p-value FDR Gene Symbol Log,FC p-value FDR
UQCRH -11.9 4.89E38 2.70E37 ECT2 12.0 1.47E58 1.35E57
CDC25B -11.6 6.73E18 1.99E17 PSMC4 11.9 2.73E24 9.98E24
CYB561D2 -11.4 2.30E51 1.80E50 COL8A1 11.6 2.51E31 1.15E30
TTLL12* -11.4 2.56E147 1.06E145 PSMD11 11.3 8.94E34 4.41E33
ARHGAP1 -11.3 3.00E137 1.10E135 BFAR 11.3 1.97E26 7.73E26
CDKN3* -11.2 3.75E29 1.61E28 YWHAE 11.3 3.07E06 5.30E06
UBE2B -10.9 7.22E82 1.08E80 ABCF1 11.2 1.97E26 7.72E26
ATP6VOB -10.9 2.09E40 1.23E39 PGP 10.9 1.06E19 3.33E19
CDC16* -10.4 1.38E49 1.03E48 TUSC3 10.3 1.22E16 3.42E16
UFDI1L -10.7 1.07E48 7.79E48 CKAP2L 10.2 1.01E15 2.73E15
The panel of DEGs in a gastric cell line of intestinal histological subtype
ACP03: MYC -siRNA (3M) vs. Control-siRNA (3C)
Downregulated Upregulated
S;/arrr]]iol Log,FC p-value FDR Gene Symbol Log,FC p-value FDR
PTPRA* -12.0 2.33E33 1.56E31 COX6A1 12.3 1.37E16 1.91E15
ATF1 -11.9 7.33E30 3.60E28 PA2G4 115 1.55E49 2.66E47
UBE2T* -11.3 2.02E07 8.82E07 ATP6VOC 11.4 4.92E15 5.77E14
CINP -10.9 2.97E06 1.07E05 CiB1 11.3 4.21E14 4.41E13
TERF2 -10.8 1.87E16 2.56E15 NDUFA7 11.3 3.39E08 1.67E07
IK -10.7 2.47E10 1.61E09 TNFAIP3 11.2 2.39E61 6.63E59
MZT2B* -10.7 4.34E05 0.000133 CDK2AP2 11.2 9.16E19 1.64E17
RAB23 -10.6 7.94E21 1.73E19 COX4l1 11.1 2.26E10 1.49E09
TPD52L2 -10.5 4.82E10 3.02E09 CCNB1 10.8 6.11E21 1.35E19
PSMD14 -10.5 5.29E08 2.54E07 RNF20 10.8 1.00E37 9.01E36

Log FC [M/C] < 0: Downregulated (left panel); LB [M/C] > 0: Upregulated (right panel); FC: Fold change; FDR: False

Discovery Rate.

TTLL12 expression was significantly high in the

following variables: men wunder 50 years old,

predominantly in tumor tissues located in the cardia,
who evolved to a diffuse histological GC, with the early
and norinvasive stage (T1/T2), lymph nodes negative
(No) and absence of distant metastases.

High levels ofMZT2B were more significant in women
over 50, identified from other parts of the stomach (antrum
and body), except for cardia. These patients had a worse
evolution in the clinicapathological varibles, indicating
gastric cancer of the intestirigpe of serosal invasion in
advanced stage (T3/T4). Positive association for lymph
nodes, distant metastases khgbylori infection.

We found high levels oEDC16andUBE2Tassociated
with tumor tissues iuh intestinal and diffuse GC,
respectively. The following common scenarios were

observed: predominant in women over 50 years old and
with advanced serosal invasion tumors (T3/T4),
strongly associated with the presence of lymph nodes
and distant metastases

CDKN3 and PTPRA were expressed in tumor tissue
samples from patients of both gende®DKN3 was
most expressed in tumors of patients over 50 years old,
identified mainly in the antrum and the body of the
stomach CDKN3 expression was shown to be
associated with the evolution of both types of GC in
patients who progressed to a positive serosal invasion of
advanced stage (T3/T4), the presence of lymph nodes
and distant metastaseBTPRA expression was also
associaté with the evolution of both types of GC in
patients aged over 50 years, who have estdge
tumors (T1/T2), with this gene being more expressed in
other parts of the stomach than in the cardia.
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Quantification of the gene expression in diffuse and
intestinal histological types

We quantified the gene expression of the six genes
mentioned above in 103 samples of GC tumor tissues of
the diffusetype and 110 of the intestinlpe. The
expression data were corroborated by the analysis of
protein expressionThe increased levels &flYC were
previously tested in our samples, according to the study
by DE SOUZA et al[31]. Figure 1 shows thgene
expression results of TTLL12, CDKN3, CDC16,
PTPRA, MZT2B, UBE2T generated from the ACP02
and ACPO03 cell lines before nd after siRNA
transfectionSupplementary Tablg

TTLL12 was more expressed in tumors of diffuse GC

[median mRNA (interquartile range, IQR): 1.78 (0.47);
median protein (IQR): 1.70 (0.36D;<0.001]. In these

Color key

A 45 10 00 10 15
Row Z-Score
‘ (c) ACP02 Vs MNO1
(b) ACP02 Vs MNO1
(a) ACP02 Vs MNO1
(e) ACP02 silencing MYC Vs wild type ACP02
(f) ACP02 silencing MYC Vs wild type ACP02
(d) ACP02 silencing MYC Vs wild type ACP02
< < €« < 4« <
z z
Z & & & % %
E E E E E E
[t o N 0 o
5 ER 352
[ g Q o
S o E o o

(a) ACP03 Vs MNPO1
(b) ACPO3 Vs MNP01
(c) ACP03 Vs MNPO1
(f) ACP03 silencing MYC Vs wild type ACP03

(e) ACPO03 silencing MYC Vs wild type ACP03
(d) ACPO3 silencing MYC Vs wild type ACP03

4 <« <
s 2 22 5 2
X ¥ ¥ @ ¥ ©
E E E E E E
© o @ o -
e

g3 28R B
n.-_lnp_gm
©O £ O o =]

tumor samples, there was an increase in mR
protein by more than 1-fold (at least 50% expression)
estimated at 86 (83.5%) and 85 (82.5%), respectively
(Supplementaryrable3).

MZT2B was most expressed in intestinal GC tumor
samples [MRNA median (IQR): 1.43 (0.51); protein
median (IQR): 1.52 (0.45)p <0.00]. Also, mRNA
levels reached 48 (43.6%) and the protein increased
more than 1.5old in 57 (51.8%) in these tumor
samples $upplenentaryTable4).

We did not find significant differences mRNA and protein
expression levels @DKN3 PTPRAandUBE2Tbetween
the two histological types SUpplementaryTables 3
and4). For CDC16 we found only protein levels wita
significant increase in intestinal tumor samples
(p = 0.015). In these tumor samples, we find the
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Figure 1.Effect of MYC silencing on gene and protein expression in ACP02 and ATR(Rat maps with hierarchical grouping

show how the levels ofene and protein expression of TTLL12, CDKN3, CDC16, PTPRA, MZT2B, UBE2T are related to MYC it)the ACPO02 (

and B) and ACPO3J and D). All comparisons were made concerning wm@oplastic gastric mucosa MNPOi1scbre was the metric applied
to test the clustering between genes. Blue gradients represent a lowsrare (genes with a lower level of expression) and red gradients

represent a higher-&core (genes with a higher level of expression).
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following measures of gene expressimRNA median
(IQR): 1.66 (0.51); protein median (IQR): 1.50 (0.63)]
(SupplementaryTable 3). MRNA and protein levels
increased more than 6ld in 77 (70.0%) and 58
(52.7%), respectivelyOur results of gene expression
are summarized in the graphskidure 2.

Corroborating the results of gPCR, western blot and
immunoreactivity, it can reveal significant differences of
expression in samples with different TNM and in different
histological types (Figures 3A and B&5). Also, our
protein expressioresults for the DEGs of the ACP02 and
ACPO03 were shown to be correlated with those of The
Human Protein Atlas, revealing significant expression
profiles in the stomach cells (Figure i3). Relationship
between the expression TLL12 MZT2B CDC16and
UBE2Twith metastatic progression.

Gene expression results froBupplementary dbles3
and4 was used to establish an association between the
increase in MRNA and protein of tR@LL12 MZT2B
CDC16 and UBE2T genes with a possible metastatic
progression of patients Mand M. We identified
increased levels off TLL12 CDC16 and UBE2T in

tumor samples from 103 patients with diffuse GG)(M
(p <0.001 for all analyzes; Figure 4A and 4B).

Likewise, we identified a increase in mRNA and
protein levels in tumor samples from 110 patients
with intestinal GC (M), for MZT2B and CDC16 (p
<0.001 for all analyzes; Figure 4C and 4D). These
results are corroborated when we evaluate the
increased levels of mRNA and protein mmor
samples from patients Mthat were analyzed by
histological types (Figure 4E and 4F). These results
differ from those found inrSupplementary ables3
and 4 because it takes into account the total samples
(n=213).

Association of the expressioprofile with survival

Our results of TTLL12, MZT2B, CDC16 and UBE2T
expressions showed that higher levels of TTLL12 are
associated to eargtage tumors (T1/T2) in the
diffuse-type (Figure 5A). in earlystage tumors
(T1/T2) (Figue 5A). We identified higher levels of
CDC16 and UBEZ2T expression in diffuse advanced
stage GC tumors (T3/T4Jigure 5B, 5C). InGCtumors
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Figure 2.Level of mMRNA and protein expression of TTLAL2GDKN3B), CDC16Q, PTPRAD], MZT2BH), andUBE2TR) in diffuse

(n = 103) and intestinal (n = 110) GC tumor samples. Mamhitney test was used to compare the relative gene expression levels. In all
graphs, the expression in gastric tumors was normalized by matcheehemplastic gastric tissudrQ: relative quantification; T: tumor
sample; N: normal mucosa sample; The whiskers indicate the minimum and maximum nealudestted linerepresentsthe 1.5 foldchange.
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Figure 3.Analysis of protein expression and immunohistochemistry in gasitancer subtypes(A) Representative image of
Westernblot. Line 1 represents normal gastric tissue and the intensity of the genes are similar to early TNM stages and witlstagispeta
but much lower than advanced TNM stages (T3/T4). Initial stages vethstasis also have an intensity much higher than that of normal
gastric tissue.(B) Positive TTLL12 cytoplasmatic immunostaining in diffyge gastric cancer (case 66 T2N3M@J; Positive CDC16
cytoplasmic and nuclear immunostaining in diffagpe gagric cancer (case 140 T3N3M(@) Positive CDKN3 cytoplasmatic immunostaining

in diffusetype gastric cancer (case 203 T4N2MHE);Positive PTPRA cytoplasmatic immunostaining in intestypal gastric cancer (case 5
TINOMO); (F Positive MZT2B cytoplasitic immunostaining in intestindype gastric cancer (case 61 T2N3M@@) Positive UBE2T
cytoplasmatic and nuclear immunostaining in intestityge gastric cancer (case 149 T3N3M1) (magnification x40). The differences in band
intensity and intensity ofmmunoreactivity are due to the different stages of TNM in tumor samples of diffuse and intestinal histological
types that represent figures (3A, B&3). (H and 1) The function of the DEGs in the gastric lines showed a strong correlation between the
increased level of protein expression with the human stomach cells in the data from The Human Protein Atlas (HPA) that wetkaammtesse
normalized inlog,o p-value (adj.). The levels of protein expression of the DEGs are identified by the red rectanglebtyp&ssof human
stomach cells.
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of the intestinatype, the expressions oMZT2B
CDC16andUBE2Twere higher only in advancedage
tumors (T3/T4) (Figure 626C).

associated with survival capacity showed a cutoff point
as the highest point of the AUC for te®dC16 AUC =
0.812,p <0.0001; followed byl TLL12andUBEZT that
exhibited practically the same area under the curve with
AUC = 0.713,p <0.0001 and AUC = 0.71%,<0.0001,
respectively (Figure 5D). We identified the -oit

Analysis of the area under the ROC curve (AUC) to
classify patients with high and low gene expression

A Lz cocis UBE2T B T2 cocie UBE2T
30 3.0
P <0.001 p<0001 - * P <0.001 p <000t <0001 p <0001
< 3
5 2 .
5| ' : ol 1l . L
g20 K S i 2
¢ -1 - I3 = g
& Len ] : - AN :
15 i &) — [
’ 1.0
1.0
Mo M1 Mo M1 Mo M1 Mo M1 Mo M1 Mo M1
€3 uo B3 w1 =]
[ MZT28 cpcie EBE2T Mz128 cbcie UBE2T
3.0 30
<0001 P <0.001 p=037 p<0.001 p<0.001 p=038
o 25 ;
§ | i §20 o "
& = EZE @ =]
159 I = -
10{ N
| |
Mo M1 Mo M1 Mo M1 Mo M1 Mo M1 Mo M1
£ ue £3 €9 ue 3
TTLL12 mRNA MZT2B mRNA CDC16 mRNA UBE2T mRNA
i P <0.001 P <0.001 1 p=0062 1 25 1 p=0320
25 | | 25 | | )
H 20 | t i : H
4 | | ;
520 1 5 : c | ' 20 } i
S ] 4 520 i i k] —= 4
2 : ; g1s i 2 = : 2 | '
|4 - i 2 : - 4 1 | }_ 13 =
S1s ' i 3 i | 3 ! = S5 : —
w ! o P w o Wwis =! = w |3 —!
1.0 | I | 1
02 17 = t ! H
10 } 1 1
4 | { > 10 ! i
i 4l ! 10 1 !
Diffuse Intestinal Diffuse Intestinal Diffuse Intestinal Diffuse Intestinal
i s Rl i Logond 51 0e 5 st e i i Tl
F TTLL12 protein MZT28 protein CDC16 protein UBE2T protein
25 . p<0.001 p<0.001 : p=0015 " 24 ‘ p=0410
- 207 i 28 | |
¢ h :
20 ' A — f | 21 {
. e 20 H ] H
5 = : S1s. ; —h 5 i 5 ; :
3 2 2 7 H 4 @ i i
i 2 { i ! i
i g i I i =l g1e S :
c ¥ H =% i a5 H a I .
& - = & g - | g ; |
= 10 £ 5 -
1 S| — k- 15 H =
H S !
{ Ai s 10 H ] i !
| i | i
05 05! i : | - i i
Diffuse Intestinal Diffsse Intestinal Difuse Intestinal Difisse Intestnal
i 0 ik B8 Legend 25 O B3 usind ot e o e

Figure 4. Box plot shows the relationship between the normalized expressioT BEL12MZT2B CDC16nd UBE2Twith
metastatic progression(A and B) mRNA and protein levels ®TLL12CDC1&nd UBE2Tin 103 tissue samples with diffusgpe GC from
patients My and M. (CandD) mRNA and protein dfiZT2BCDC1@&nd UBE2Tn 110 tissue samples with intestiAgibe GC from patients M

and M,. The boxes are drawn from the %80 the 25" percentile. The vertical lines above and below the box define the maximum and
minimum values and the dots indicate outliers, the horizbitine inside the box representing the mediaBafd ) mRNA and protein of
TTLL12MZT2B CDC1@&nd UBE2Tin patients with diffuse (n = 103) and intestinal (n = 110) GC that were associated ytidNi4. The
lines with the gray gradient represent tf@nnections of points lland M, that vary according to the normalized expression value. The
expression levels of these genes were validated byREBR and western blot in 213 patients. (M) presence of metashdaim ¢ Whitney

test was used to compare threlative gene expression levels.
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Figure 5.Quantification ofTTLL1ZA), CDC16B) and UBE2TC) mRNA and protein levels by tumor stage in GC of the diffyge. *p
<0.008, *p <0.001, ***p <0.0002, ****p <0.0001, significant difference between groups (Nonparametric MatWihitney test). In all
graphs, the expression in gastric tumors was normalized by matchecheoplastic gastric tissu€&kQ: relative quantification; T: tumor
sample; N: normal mucosa samp(D) ROC curve analysis. The cutoff point was chosen as the highest point of th&Adesthe-
Curve (AUC) fof TLL12AUC: 0.713; (95% CI 0:626) with 76.02% sensitivity and 50.04% specificity GBIC16AUC: 0.812; (95% CI
0.700.83) with 85.0% swsitivity and 50.08% specificity and falBE2T AUC: 0.715; (95% CI 0:837) with 77.06% sensitivity and
48.03% specificity(E) Heat maps showing the average levels of gene expression of ~35 samples of GC tissues of thiymhffide
red gradient sbws the highest levels of expression while the blue gradient shows the lowest levels. #&gilmanalysis of the overall
survival (in months) of patients with diffuse gastric cancer as a functioF)of TLL12(G) CDC16and (H) UBE2Texpression.We
FyrFtel SR KA3IK SELINBaaAzy o03SyS SELINBa&aA2Y xmMdpT NBR fokigfled0z | &
with a higher probability of survival. We found more significant values when we associated the high expre<s@1dp <0.0001)
and UBE2Tp = 0.0024), with patients who had a shorter survival.
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