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ARTICLE INFO ABSTRACT

Keywords: An in-depth understanding of the tumor microenvironment (TME) is required for the development of improved
Gastric cancer combination immunotherapies for gastric cancer. Recently, we classified these cancers into four main types
Tumor immunity defined by their immunological attributes, namely Hot 1, Hot 2, Intermediate and Cold. Of these, the T cell-

?Nl%liS?qﬂ d inflamed “Hot” tumors were further divided into Hot 1 and Hot 2 with different clinical outcomes. Thus,
cell-Inflame . . . . . .
Hot tumor overall survival and progression-free survival of patients with Hot 1 tumors were shorter than with Hot 2. In the

present study, we re-evaluated RNA-Seq data of 6 Hot 1 and 6 Hot 2 gastric cancers to elucidate the underlying
reason for the poor prognosis and T cell dysfunction in the former. In addition, 56 Hot 1 and 27 Hot 2 tumors in
The Cancer Genome Atlas (TCGA) were analyzed. We report that single sample Gene Set Enrichment Analysis
(ssGSEA) and differential gene expression analysis identified differences between Hot 1 and Hot 2 tumors
involved in metabolism and cell adhesion pathways. Therefore, it is suggested that strategies to modulate active
metabolism in Hot 1 tumors should be integrated into the treatment of these gastric cancers.

Intermediate and Cold. T cell-inflamed Hot tumors were further divided
into Hot 1 and Hot 2 tumors. The former is characterized by exhibiting
an activated glycolysis signature and by more intra-tumoral CD8" T cell
infiltration than the latter. Surprisingly, however, both overall survival

1. Introduction

The prognosis of locally advanced and metastatic gastric cancers (0S) and progression-free survival (PFS) of patients with Hot 1 tumors
remains poor, making these tumors the world’s fourth leading cause of were worse than for Hot 2 tumors, possibly due to profound T cell
cancer death [1]. Immune checkpoint inhibitors (ICIs) targeting the dysfunction in the former determined by the expression of checkpoint
PD-1/PD-L1 pathway were approved for the treatment of gastric cancer molecules and impaired cytokine production in ex vivo tumor--
in 2017. Although they improved the prognosis of this disease, only a infiltrating lymphocyte using flow cytometry.
small proportion of patients benefit from ICI [2,3]. Different treatment Novel combination immunotherapy for patients with Hot 1 tumors
strategies such as earlier use or combination with chemotherapy are must be developed, bearing these characteristics in mind. Among 29
being investigated in an effort to overcome this limitation [4,5]. RNA-Seq data in our previous study [10], we focused on 12 RNA-Seq

A better understanding of antitumor immunity will help predict the data of patients who were classified in Hot 1 or Hot 2 subtype. We
prognosis of gastric cancer patients and customize the appropriate newly re-evaluated the RNA-Seq data of Hot 1 and Hot 2 tumors of same
therapies in each patient. Therefore, immune profiling of gastric cancer patients to understand the underlying reasons for the poor prognosis of
and immunological classification were extensively studied [6-9]. Pre- Hot 1 tumors and whether this was indeed associated with T cell
viously, we also proposed a novel immunological classification of gastric dysfunction.

cancer [10]. We performed RNA-Seq and analyzed the tumor microen-
vironment (TME) of gastric cancer in the context of the so-called “can-
cer-immune cycle” [11]. We then proposed an “Immunogram Score”
classification for gastric cancer [10]. According to this, gastric cancers
were immunologically classified into several types, designated Hot,
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Abbreviations

ICI immune checkpoint inhibitor

TME tumor microenvironment

0os overall survival

PES progression free survival

HER2 human epidermal growth factor receptor 2

TCGA  The Cancer Genome Atlas

ssGSEA  single sample Gene Set Enrichment Analysis
GO Gene Ontology

MSigDB Molecular Signatures Database

DEG Differentially Expressed Gene

IPA Ingenuity Pathway Analysis

EMT epithelial-to-mesenchymal transition
MSI microsatellite instability

EBV Epstein-Bar virus

GS genomically stable

CIN chromosomal instability

2. Materials and methods
2.1. Patients and data sets

Complete immune profiling was performed on 29 patients diagnosed
with histologically-confirmed gastric cancer at Tokyo Metropolitan
Bokutoh Hospital between June 2014 and October 2017, designated the
“BKT cohort” [10]. Clinical profiles with histology by the Lauren clas-
sification, macroscopic classification by the Borrmann classification,
locus of the primary site, TNM clinical staging, overexpression of human
epidermal growth factor receptor 2 (HER2) protein and the presence or
absence of Helicobacter pylori infection were reported in our previous
work [10]. These patients’ tumors were immunologically classified into
Hot 1, Hot 2, Intermediate and Cold subtypes. We have now re-analyzed
the transcriptomic data of 6 of each of the Hot subtypes. All procedures
were performed following the ethical standards of the participating in-
stitutions and in conformity with the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards. Informed written
consent was obtained from all patients included in the study, which was
approved by the Research Ethics Committees of the University of Tokyo
(No. G3545) and Tokyo Metropolitan Bokutoh Hospital (No. 25-38-02).
In addition, the TCGA cohort (https://portal.gdc.cancer.gov/) was also
investigated for the 56 Hot 1 and 27 Hot 2 tumors previously identified
[10]. A summary of patients’ characteristics is provided in Supple-
mentary Table S1.

2.2. Transcriptomics

In the previous study, RNA-Seq of bulk tumor tissue was performed
[10]. RNA-Seq data of BKT patients are available at DDBJ Sequence
Read Archive (Accession no. DRA009379) [10]. Independent to our
previous study, RNA-Seq data were subjected to single sample Gene Set
Enrichment Analysis (ssGSEA) using gene sets of Hallmark and Gene
Ontology (GO) Biological Process ontology registered in the Molecular
Signatures Database (MSigDB, https://www.gsea-msigdb.org/gse
a/msigdb/). The enrichment score is obtained using the ssGSEA
method with R package ssGSEA 2.0 (https://github.com/broad
institute/ssGSEA2.0) and R software version 3.6.0. The TCC-GUI
(Graphical User Interface for TCC package, https://infinityloop.shin
yapps.io/TCC-GUI/) was used to investigate differentially expressed
genes (DEGs) between Hot 1 and Hot 2 tumors. DESeq2 was selected for
normalization and DEG identification [12]. Genes with the logy
fold-change greater than 1 and adjusted p-value smaller than 0.05 were
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selected as DEGs. The DEGs from TCC-GUI (M-value<—1 or >1 and
p-value<0.05) were submitted to the Ingenuity Pathway Analysis (IPA,
QIAGEN, Redwood City, CA, USA) software. Canonical pathways, up-
stream regulators, regulator effects, diseases and biological functions
were analyzed. Using machine learning techniques, a graphical sum-
mary was depicted.

2.3. Statistical analyses

The ssGSEA scores were compared between the two groups by Wil-
coxon’s test. For categorical variables, Fisher’s exact test or the chi-
square test was used. JMP Pro 15 (SAS Institute Japan, Tokyo, Japan)
was used for statistical analysis. A value of p < 0.05 was considered
statistically significant.

3. Results
3.1. Patients’ characteristics
Patients’ characteristics are shown in Table 1. There were no sig-

nificant differences between the Hot 1 and Hot 2 groups in terms of
clinicopathological features. However, 4 of 6 tumors in the Hot 1 group

Table 1
Clinicopathological characteristics.
BKT TCGA
Hot 1 Hot 2 p- Hot 1 Hot 2 p-
(n= (n= value (n= (n= value
6) 6) 56) 27)
Age (years), mean + 73.2 66.0 0.15 67.3 62.7 0.10
SD + 3.2 + 3.2 +1.6 + 2.2
Sex, n
Male/Female 4/2 6/0 0.45 30/26 14/13 0.88
Locus, n
GE/U/M/L 1/0/ 0/2/ 0.55
2/3 1/3

Macroscopic type
(Borrmann), n
1/2/3/4/5 0/3/ 1/3/ 0.55
3/0/0 1/0/1
pStage, n
1/11/111/IV/not 1/1/ 1/3/ 0.74 6/17/ 2/5/ 0.21
reported 3/1/0 2/0/0 22/7/ 18/1/

Histology
(Differentiation), n
differentiated/ 0/6 3/3 0.18
undifferentiated
Histology (Lauren
classification), n
intestinal/diffuse/ 3/0/ 5/0/ 0.55
mixed/ 3/0 1/0
indeterminant
HER2 status, n
positive/negative 1/5 1/5 1
Helicobacter pylori
infection, n
positive/negative/ 5/1/0 3/3/0 0.54 4/17/ 1/10/ 0.46
not reported 35 16
Molecular
classification by
TCGA, n
MSI/EBV/GS/CIN 4/0/ 1/3/ 0.13 26/9/ 2/12/
0/2 0/2 1/20 3/10

0.0006

Mesenchymal
subtype by ACRG,
n

Mesenchymal/Non- 0/6 2/4 0.45
mesenchymal

MSI: microsatellite instability, EBV: Epstein-Bar virus, GS: genomically stable,
CIN: chromosomal instability.
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were of the MSI subtype according to the TCGA molecular classification,
while 3 of the 6 in the Hot 2 group were classified as EBV subtype (p =
0.13, not statistically significant). This tendency is consistent with the
TCGA cohort data where the MSI subtype was significantly more
frequent in the 56 Hot 1 tumors, but the EBV subtype was more common
in among the 27 Hot 2 tumors (p = 0.0006).

3.2. Gene enrichment and pathway analysis

As a starting point, sSGSEA analysis with all 50 hallmark gene sets
was performed to compare Hot 1 and Hot 2 patients (Table 2, Supple-
mentary Table S2). Of these 50, upregulation only of the 3 gene set
signatures HALLMARK UV response (p = 0.0306), HALLMARK choles-
terol homeostasis (p = 0.0453) and HALLMARK glycolysis (p = 0.0082)
were detected in Hot 1 tumors. DEGs between Hot 1 and Hot 2 tumors
were identified by TCC-GUI and are visualized in Fig. 1A as a volcano
plot. Up-regulated genes in Hot 1 and Hot 2 tumors are listed in Sup-
plementary Table S3; these amounted to 103 and 205 genes in Hot 1 and
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Hot 2 tumors, respectively. Genes related to the cytoskeleton and cell
adhesion, such as DSG3, DSC2, SCEL, KRT16, and GJB7, were up-
regulated in Hot 1 tumors. The DEGs and corresponding p-values were
subjected to Causal Network Analysis on the IPA platform and a sum-
mary of the results is given in Fig. 1B. This highlights CDH1 and NEU-
ROG1 in Hot 1 tumors.

3.3. Validation of gene enrichment results

Based on the global analysis using ssGSEA with hallmark gene sets
and the DEG analysis, Hot 1 tumors were proposed to be metabolically
active and enriched for cellular components. To confirm these results,
additional gene sets related to these two categories were extracted from
GO Biological Process ontology gene sets and used to compare Hot 1
with Hot 2 tumors (Supplementary Table S4). As shown in Table 3,
several gene sets associated with cellular components and metabolism
were enriched in Hot 1 tumors. The cellular component-related gene sets
included apical junction assembly (p = 0.0306), cell cell junction

Table 2
Comparison between Hot 1 and Hot 2 tumors by ssGSEA with hallmark gene sets.

Hallmark Process Category Hot 1 (n = 6) Hot 2 (n = 6) p-value Upregulated in
HM_APICAL_SURFACE cellular component 2640.0 + 630.3 2475.6 + 1421.8 0.9362 N-S.
HM_APICAL_JUNCTION cellular component 5260.5 + 387.0 5035.0 + 845.2 1 N-S.
HM_PEROXISOME cellular component 5625.7 + 629.8 5437.3 +£ 471.3 0.6889 N-S.
HM_ANGIOGENESIS development 5853.8 + 773.2 6710.6 + 1599.3 0.4712 N-S.
HM_PANCREAS_BETA_CELLS development —570.6 + 690.6 —394.5 + 1018.3 0.8102 N-S.
HM_EPITHELIAL_ MESENCHYMAL TRANSITION development 5702.2 £+ 754.6 6540.5 + 1592.6 0.4712 N-S.
HM_SPERMATOGENESIS development —1759.1 + 619.1 —2172.0 + 377.2 0.1735 N-S.
HM_MYOGENESIS development 2140.9 + 626.6 2812.4 + 1769.2 0.2298 N-S.
HM_ADIPOGENESIS development 6727.5 + 457.3 6412.8 + 288.5 0.298 N-S.
HM_DNA _REPAIR DNA damage 6623.2 + 382.5 6356.8 + 397.8 0.298 N-S.
HM_UV_RESPONSE_DN DNA damage 3505.6 + 510.5 4188.1 + 1302.7 0.3785 N-S.
HM_UV_RESPONSE_UP DNA damage 6404.9 + 170.2 6067.6 + 304.3 0.0306 Hot 1
HM_COAGULATION immune 4659.0 + 709.6 5638.2 + 905.9 0.1735 N-S.
HM_ALLOGRAFT_REJECTION immune 7072.8 + 825.7 7621.0 + 387.6 0.4712 N-S.
HM_COMPLEMENT immune 6115.7 + 651.3 6483.8 + 802.7 0.3785 N-S.
HM_INFLAMMATORY_RESPONSE immune 4238.7 +1077.8 5037.6 + 920.5 0.2298 N-S.
HM_INTERFERON_GAMMA _RESPONSE immune 7865.0 + 828.5 8190.8 + 380.9 0.6889 N-S.
HM_INTERFERON_ALPHA RESPONSE immune 8597.0 + 606.2 8714.1 + 299.7 0.9362 N-S.
HM_IL6_JAK STAT3_SIGNALING immune 5566.0 + 1178.1 6254.6 + 842.0 0.3785 N-S.
HM_BILE_ACID_METABOLISM metabolic 1855.5 + 1215.0 1636.0 + 794.9 0.6889 N-S.
HM _FATTY_ACID_METABOLISM metabolic 6137.7 £ 574.3 5824.2 + 476.5 0.4712 N-S.
HM_XENOBIOTIC_METABOLISM metabolic 4228.0 + 469.3 4383.6 + 412.9 0.5752 N-S.
HM_HEME_METABOLISM metabolic 3802.4 + 286.7 3392.2 + 391.9 0.1282 N-S.
HM_OXIDATIVE_PHOSPHORYLATION metabolic 8401.4 + 318.1 8053.9 + 336.9 0.0927 N-S.
HM_CHOLESTEROL_HOMEOSTASIS metabolic 7228.5 + 262.1 6846.1 + 309.6 0.0453 Hot 1
HM_GLYCOLYSIS metabolic 6108.7 + 365.1 5363.8 + 376.8 0.0082 Hot 1
HM_UNFOLDED_PROTEIN_RESPONSE pathway 7808.1 + 181.3 7720.1 + 303.9 0.6889 N-S.
HM_REACTIVE_OXYGEN_SPECIES_ PATHWAY pathway 8666.6 + 63.3 8589.4 + 256.7 0.298 N-S.
HM_PROTEIN_SECRETION pathway 7136.2 + 275.8 6676.0 + 441.3 0.0656 N-S.
HM_APOPTOSIS pathway 7235.5 + 318.3 7414.8 + 553.3 0.3785 N-S.
HM_HYPOXIA pathway 5757.9 + 311.8 5665.5 + 949.8 0.9362 N-S.
HM_P53_ PATHWAY proliferation 6944.5 + 453.1 6759.0 + 265.1 0.4712 N-S.
HM_MYC_TARGETS_V2 proliferation 7407.7 + 473.6 6720.1 + 1245.1 0.3785 N-S.
HM_MYC_TARGETS_V1 proliferation 9032.5 £ 75.5 8942.1 + 209.5 0.6889 N-S.
HM_MITOTIC_SPINDLE proliferation 4886.7 + 343.9 4667.2 + 579.8 0.8102 N-S.
HM_G2M_CHECKPOINT proliferation 6344.7 + 596.7 5868.5 + 835.6 0.5752 N-S.
HM _E2F TARGETS proliferation 6696.0 + 532.6 6207.4 + 921.5 0.298 N-S.
HM_ESTROGEN_RESPONSE_EARLY signaling 4508.9 + 748.9 3720.7 + 926.8 0.298 N-S.
HM_KRAS _SIGNALING_DN signaling —2923.5 + 1004.4 —3111.7 £ 1277.2 0.2298 N-S.
HM_KRAS_SIGNALING_UP signaling 3768.6 £+ 956.9 4262.3 + 1071.2 0.4712 N-S.
HM_ANDROGEN_RESPONSE signaling 6895.2 + 217.5 6882.0 + 574.0 0.3785 N-S.
HM_TNFA _SIGNALING_VIA_NFKB signaling 6268.1 + 1040.1 6905.1 + 679.6 0.298 N-S.
HM_IL2_STATS5_SIGNALING signaling 4864.5 + 624.7 5138.0 + 546.3 0.8102 N-S.
HM_NOTCH_SIGNALING signaling 4008.7 + 316.7 4274.5 + 788.8 0.4712 N-S.
HM_TGF_BETA _SIGNALING signaling 6478.6 + 536.3 6903.3 + 523.3 0.1735 N-S.
HM_HEDGEHOG _SIGNALING signaling 105.5 + 643.3 1067.6 + 1529.6 0.1735 N-S.
HM _PI3K_AKT_MTOR_SIGNALING signaling 6613.1 + 195.1 6400.0 + 527.2 0.4712 N-S.
HM_WNT _BETA_CATENIN_SIGNALING signaling 2396.2 + 611.1 2530.4 + 1345.6 0.8102 N-S.
HM_ESTROGEN_RESPONSE_LATE signaling 5253.4 £+ 608.3 4613.3 + 962.9 0.1282 N-S.
HM_MTORC1_SIGNALING signaling 7856.3 + 104.9 7592.0 + 288.7 0.2298 N-S.
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Fig. 1. Differentially expressed genes in Hot 1 and Hot 2 gastric cancer. (A) Volcano plot showing differentially expressed genes in Hot 1 and Hot 2 tumors. Fold-
changes (x-axis) and statistical significance (-log10 of p-value, y-axis) are displayed as a dashed line where p = 0.05 and fold-change = 2 (log2 = 1). (B) Graphical

summary of IPA.

organization (p = 0.0453), desmosome organization (p = 0.0306),
hemidesmosome assembly (p = 0.0306), tight junction organization (p
= 0.0306), intermediate filament based process (p = 0.0453), and
microvillus organization (p = 0.0306). Gene sets associated with
metabolism included glucose-6-phosphate metabolic process (p =
0.0453), pyruvate metabolic process (p = 0.0131), positive regulation of
fatty acid transport (p = 0.0202), regulation of mitochondrial outer
membrane permeabilization involved in apoptotic signaling pathway (p
= 0.0453), positive regulation of oxidative phosphorylation (p =
0.0453), ADP metabolic process (p = 0.0453), ATP metabolic process (p
= 0.0306), NAD metabolic process (p = 0.0306), and NADH metabolic
process (p = 0.0306). To validate these results, RNA-Seq data of Hot 1
and Hot 2 tumors in the TCGA cohort were also subjected to ssGSEA
(Supplementary Table S5). The ssGSEA scores of the metabolic and
cellular components that were increased in the Hot 1 tumors of the BKT
cohort were also significantly increased in Hot 1 tumors of the inde-
pendent TCGA dataset (Table 3).

4. Discussion

Following our previous work showing that T cell inflamed gastric
cancers could be further classified into two subtypes designed Hot 1 and
Hot 2 [10], here we more closely examined the difference between these
tumors in an attempt to gain some understanding of the underlying
mechanisms responsible for the poor prognosis of the former. We newly
re-analyzed RNA-Seq data by ssGSEA and DEG analysis and Hot 1 tu-
mors were found to be enriched for the expression of genes associated
with cell junctions and cellular metabolism.

In our previous studies, Hot 1 tumors were distinguished from Hot 2
tumors by their enhanced glycolysis. The current study found that the
active metabolic environment in Hot 1 tumors included enhanced lipid
metabolism, oxidative phosphorylation and mitochondrial energy pro-
duction, in addition to glycolysis. Thus, active metabolism in Hot 1 tu-
mors might be one of the reasons for T cell dysfunction via increased
competition with effector T cells [13]. Therefore, targeting and con-
trolling activated glycolysis, lipid metabolism, oxidative phosphoryla-
tion and mitochondrial function in Hot 1 tumors would be expected to
improve the antitumor T cell response, and hence prognosis [14-16].

In general, tumor cells gain mobility and invasiveness through the
epithelial-to-mesenchymal transition (EMT) [17]. E-cadherin is a
cell-adhesion factor responsible for maintaining adhesive intercellular
junctions between epithelial cells and for controlling cellular polarity. In
this manner, E-cadherin restricts cell migration and suppresses metas-
tasis [18]. In gastric cancer, loss of function of adhesive factors such as

CDH1 is reported to contribute to tumor progression and metastasis
[19]. Thus, the fact that the expression of CDH1, the E-cadherin gene,
was identified as a factor strongly associated with the poor prognosis of
patients in the Hot 1 group (Fig. 1B) seems inconsistent with this report.
On the other hand, there is also a report that E-cadherin expression fa-
cilitates tumor growth and metastasis formation in breast cancer [20],
which might be involved in the progression and poor prognosis of Hot 1
tumors, but not necessarily other gastric cancer subtypes or other cancer
entities. Currently, several E-cadherin activators that restore their
expression are expected to inhibit EMT and metastasis [19]. However,
the pro-metastatic or anti-metastatic function of E-cadherin is likely to
be highly context-dependent. As we showed in this study, E-cadherin
activator might be deleterious in Hot 1 patients.

There are several limitations to this study. First, we collected the
surgical specimens from a single institution. The small total number of
12 patients conceivably led to a selection bias. We accessed RNA-Seq
data from the TCGA database for use as a validation cohort to over-
come this limitation. Second, the RNA-Seq data used in the present study
was obtained from bulk tumors and contained RNAs from tumor cells,
immune cells, stromal cells and other cell types. They do not provide
information on their cellular composition. Although several computa-
tional tools were developed [21], it is difficult to determine which cells
are responsible for the expression of the identified up- and
down-regulated genes in the TME. Single-cell RNA-Seq analysis,
immunohistochemistry and flow cytometry will be needed to clarify
interactions between these cells. Finally, our results of bioinformatics
analysis were not supported by verification of the results of patient
samples, cell or animal models. The verification of the results is required
in future analysis.

5. Conclusions

Comprehensive transcriptomic analysis revealed differences in
metabolism and cell adhesion pathways between Hot 1 and Hot 2 tu-
mors. Therefore, it is proposed that strategies to modulate active
metabolism in Hot 1 tumors should be integrated into the treatment of
Hot 1 gastric cancers.
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Table 3
Comparison between Hot 1 and Hot 2 tumors by ssGSEA with GO Biological Process ontology gene sets.
GO_Bio Precess Process BKT TCGA
Category Hot1(n=6) Hot2(n—6)  p- Hot1(n=56) Hot2(n=27) p-value
value
GO_APICAL_JUNCTION_ASSEMBLY cellular 5108.4 + 4068.7 + 0.0306 23965.2 + 23496.1 + 0.0005
component 158.5 736.4 359.2 631.0
GO_CELL_CELL_JUNCTION_ORGANIZATION cellular 3298.1 + 2475.7 + 0.0453 22713.9 + 22246.2 + 0.0016
component 238.9 573.4 505.8 708.7
GO_DESMOSOME_ORGANIZATION cellular 6905.8 + 4441.1 + 0.0306 26765.4 + 25690.6 + <0.0001
component 844.0 2575.4 473.1 1496.3
GO_HEMIDESMOSOME_ASSEMBLY cellular 5936.9 + 3714.5 + 0.0306 26197.0 + 24558.4 + 0.0027
component 1517.7 1158.1 1264.8 2396.8
GO_TIGHT_JUNCTION_ORGANIZATION cellular 4512.9 &+ 3000.8 = 0.0306 24317.9 + 23858.2 + 0.001
component 381.2 1014.1 384.0 651.4
GO_INTERMEDIATE FILAMENT BASED_PROCESS cellular 2244.6 + 719.9 + 0.0453 19402.6 + 17742.7 + <0.0001
component 1161.0 1061.8 1494.3 1390.0
GO_MICROVILLUS_ORGANIZATION cellular 6198.2 & 4349.1 + 0.0306 23581.1 + 22826.0 + 0.0025
component 903.1 1127.8 706.1 1086.7
GO_GLUCOSE_6_PHOSPHATE_METABOLIC_PROCESS metabolic 5220.0 &+ 4443.8 + 0.0453 24510.9 + 23736.1 + 0.0002
675.7 391.6 691.9 843.6
GO_PYRUVATE_METABOLIC_PROCESS metabolic 5270.1 + 4401.7 + 0.0131 22653.8 + 22242.6 + 0.0016
421.5 456.5 514.0 557.8
GO_POSITIVE_REGULATION_OF _FATTY_ACID_ TRANSPORT metabolic —472.0 = —1789.4 £ 0.0202 17586.8 & 16741.0 &+ 0.0107
444.9 847.3 1473.3 1337.3
GO_REGULATION_OF_MITOCHONDRIAL_OUTER metabolic 7600.2 + 7083.9 + 0.0453 26047.5 + 25814.7 + 0.0014
_MEMBRANE_PERMEABILIZATION_INVOLVED_IN_APOPTOTIC_SIGNALING_PATHWAY 305.1 384.8 296.1 320.0
GO_POSITIVE_REGULATION_OF_OXIDATIVE_PH OSPHORYLATION metabolic 6667.6 + 6128.4 + 0.0453 24396.9 + 23532.1 + 0.0306
180.7 375.4 1390.8 1708.9
GO_ADP_METABOLIC_PROCESS metabolic 5258.4 + 4548.1 + 0.0453 22644.8 + 22328.8 + 0.0157
473.5 513.3 529.3 569.7
GO_ATP_METABOLIC_PROCESS metabolic 6858.6 6419.6 + 0.0306 24460.9 + 24232.2 + 0.011
377.5 296.2 383.9 365.0
GO_NAD_METABOLIC_PROCESS metabolic 6930.7 + 6193.4 + 0.0306 22809.6 + 22370.2 + 0.006
412.3 474.1 629.9 632.7
GO_NADH_METABOLIC_PROCESS metabolic 7310.2 + 6700.0 + 0.0306 23384.1 + 22995.8 + 0.0244
308.4 409.8 718.0 672.7
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