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Immunological checkpoint inhibitors have been immensely uecessfully applied in
the treatment of cancer, however, a portion of tumor patierg can't benet from
checkpoint therapy. The low PD-1/CTLA-4 positive rate andnivolvement of multiple
immunosuppressive pathways are thought to be one of the reasns for treatment
failure in non-responding patients. A new immune checkpoin molecule, HHLAZ2,
which was widely expressed in PD-1 negative human tumors, mabe a promising
target for the improvement of recent immune therapy. Yet, th prognostic value and
transcriptional regulatory mechanisms of HHLA2 remains wtear. In this study, we
aimed to evaluate the prognostic value and transcriptionategulation mechanism of
HHLAZ2 according to clinical and experimental data from mulple databases, including
cBioPortal, TCGA, Cistrome, TIMER, Oncomine, Kaplan-MeigGeneXplain. It was found
that the expression of HHLA2 was signi cantly elevated in neal tumors, and signi cantly
decreased in colorectal tumors. Pan-cancer survival anadys indicates that HHLA2 was
an independent prognostic factor in 9/20 of human cancers. Bpecially in renal clear cell
carcinoma P D 3.0E-7). Through plotting survival curve in Kaplan-Meierl@tter, it was
found that hypomethylation of HHLA2 DNA was a favorable pragpstic factor for KIRC
patients. Yet, the copy number variant of HHLA2 was not sigréantly correlated with the
overall survival of KIRC patients. Finally, by analyzingetimotif of HHLA2 co-expression
genes, we identi ed 15 transcription factors that may be inwelved in the regulation
of the HHLA2 co-expression network. Among these transcripon factors, BATF in B
lymphocyte and SMAD in monocyte were con rmed to be able to diectly bind to HHLA2
DNA according to chip-seq experimental data from Cistrome dtabase.

Keywords: HHLA2, immune checkpoint, B7, PD-1, expression pro ling

INTRODUCTION

Recently, immunotherapy has shown remarkable therapeutidgia@nti-tumor therapy. Among
them, the immune checkpoint inhibitors blocking the immungxpressive receptor of T cells is
an e ective solution {). In the opinion of recent studies, the interaction betweée 87 and
CD28 family plays a central role in regulating T lymphocytedtion. The B7-1/B7-2 molecule
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on the surface of the cell membrane of antigen presentinghe Oncomine dataset2® (http://www.oncomine.org) is a

cell (APC) binds to the CD28 molecule on the surface of Tweb application for bioinformatics services that include$ 71
lymphocyte, providing an initial costimulatory signal foreh independent data sets and 86,733 samples that provide greater
activation of T lymphocyte. After this costimulatory signal scale, high quality, consistency, a standardized analytiethod
coinhibitory molecule (such as CTLA-4 and PD-1) of CD28for gene expression pro le analysis.

family on the surface of T lymphocyte binds to B7-1/B7-

2 to inhibit T lymphocyte activation 4, 3), this interaction Pan-Cancer Survival Analysis
mediated T lymphocyte co-stimulation and co-suppressionthe Kaplan-Meier plotter Z4) (http://kmplot.com//analysis) is
Iay the foundation of the regulation of anti-tumor immune Capab]e of assessing the prognostic e ect of 54,675 genes on
responses4, 5). using 10,461 cancer samples. To investigate the prognostic role
Over the past decade, a series of studies have revealed g14HLA2 in human cancers, the Kaplan-Meier Plotter was used
important immune function of other molecules belonging to to determine the prognostic signi cance. The forest plot was
B7 and CD28 families, including B7h/ICO$)( PD-L1/PD-  constructed by RevMan softwar@gj. UCSC Xena browsef6,
L2/PD-1 (7), B7-H3 @). Among them, PD-1/PD-L1 inhibitors 27 was used for evaluating the correlation between expression
have achieved great success in clinical trigls (hich has |evel of HHLA2 mRNA, methylation status, copy number variant
rapidly changed the treatment landscape for non-small-celjlu of HHLA2 DNA and the overall survival time in kidney clear
cancer (NSCLC)1(0). Two FDA-approved PD-L1 inhibitors are ¢gl| carcinoma.
being evaluated for the rst-line treatment of NSCLC1£14). To validate the prognostic role of HHLA2 in KIRC, we
However, since PD-1 is only expressed in part of NSCLC, ndingarefully conducted searches in public data platforms incigdi
new broader expressed immune checkpoint will be important fothe GEO database and the ArrayExpress database. The datasets
improving the response rate of immunotherapys). meeting following criteria were used as validation cohorts:
Human endogenous retro virus-H Long repeat-associating ®atasets with survival associated clinical informationtRats
(HHLA2) is a newly discovered immune checkpoint moleculéfrom human tumor samples. The genechip used in the
belonging to the B7-CD28 familyl(, 17). Previous studies datasets includes the probe of HHLA2. After detailed and
con rmed that it participates in the regulation of T-lymphocyte careful searching, two independent clinical cohorts (GSB804

function, but previous studies didn't reach an agreementiod& t GSE22541) containing tumor staging information were used
function of HHLA2. The rst reported high-quality research for validation.

concluded that HHLAZ2 (B7-H5) is a costimulatory moleculath

acts to promote T lymphocyte proliferation and secret relatquotentia| Transcription Regulatory
cytokines by binding to CD28H receptors on T lymphocyié)( Nechanism of HHLA?2

Subsequent research provides a di erent conclusion of HHLA
g b The cBioPortal for Cancer Genomics (http://www.cbioportal.

function, Zhao et al. 17) reported that HHLA2 may be a co- i Web Vi isualizi .
inhibitory ligand for T lymphocyte, which inhibits the antismor org) provides a Web resource analyzing, visualizing gensmic
fdata. The cBioPortal was used for extracting co-expression

function of T lymphocyte. In addition, the heterogeneity o f HHLAZ in KIRC 50). Th Xplain platf
HHLAZ2 function was also observed in the co-culture experitmen gene.s 0 = 1N 48 ) € geneXplain platform
the T lymphocytes from di erent donors showed a di erent (http://genexplain.com/transfac) is a tool for a broad rargfe

response to the HHLA2 protein in cytokine productioh). This b:0|rf1format|cs apdpycatrl]on_z. M_Ot'f ‘?“”C][‘me“‘ f_ulnctlon n i
contradictory phenomenon is interesting, but also confgsiar platform was used for the identi cation of potential transgtion

factors of co-expression gene network of HHLA2 with the
the further researches on HHLA2§-21). - . .
To contribute to the understanding of these discrepancies-l,—R'A"\lSFAC databas@(-32). TFmapper €3 is used to identify

we investigated the expression pro ling and prognostic valtie Owhether transcn_ptmn fa_ctors bind directly to th_e HHLAZ
romoter according to cistrome database. The Cistrome data

HHLAZ2 in human cancer according to multiple public database% 739 i h q ; |
and investigated what transcription factor may be assodiaith rowser ¢ " 9 mte;grates uman and mouse cis-regulatory
| experiment information from ChlP-seq, DNase-seq, and ATAC-

;gftﬂésffr?#cle?ﬂsct)gdi E:I:ﬁiir;mc’ our nding may be helpfu seq chromatin analysis. The miRWalk§( 37), miRDB (38, 39),
TargetScan4(0) are comprehensive online resource for miRNA
and target predictions. They were used to identify potential
microRNAs. The common part of three predictions results was

MATERIALS AND METHODS regarded as potential microRNAs targeting on HHLA2 mRNA.

Expression Pro ling of HHLA2 in Human

Cancers Functional Annotation of Co-expression

Two large-scale databases (GEPIA, Oncomine) was used @@ene Network of HHLA?2

explore the expression pattern of HHLA2 in human cancersKyoto Encyclopedia of Genes and Genomé$) (KEGG) and
Gene expression pro ling interactive analysis (GEPIA) (http:/ gene ontology 42) (GO) is a commonly used database of
gepia.cancer-pku.cn) is an interactive web server for amadyzi functional annotations for gene list. MetaScape is an exdellen
the RNA sequencing expression data of 9,736 tumors anidtegrated analytics platform that integrates multiple anriata
8,587 normal samples from TCGA and GTEXx projeci®)( datasets. The functional enrichment analysis of this studg
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applied by this platform to understand this function of HHLA2
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The Expression Level of HHLA2 Was
Signi cantly Elevated in Renal Cancers

and Decreased in Colorectal Cancers
The Cancer Genome Atlas (TCGA) datasets is a comprehensive
database containing 11,000 patient samples. GEPIA website
(TCGA data) and SAGEHNgure 1) were used to draw a body

map to show the expression distribution of HHLA2 in human
tissue Figure 2A). Then, the pan-cancer expression pro ling

of HHLA2 was visualized according to TCGA data by TIMER
platform (Figure 2Q. It was found that HHLA2 is widely Liver
expressed in multiple human tissues, and it abounds in renal, €D
colorectal tissue. Next, we investigated whether the egfmes AN

of HHLAZ2 is elevated in human cancer compared with normal coton @j
tissue. Using Oncomine2(d) databasé? < 10E-4, fold Change
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> 2), which contains 715 datasets and 86,733 samples, we S
found that HHLAZ2 is over-expressed in the 7/134 human tumor
datasets, and under-expressed in 10/134 dataségsire 2B).

The most common over-expression cancer type in this study i
renal cancer, the most common under-expression cancer typelis

colorectal cancers.
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MRNA Expression Revealed a Unique
Prognostic Role of HHLA2 in Renal Clear

Cell Carcinoma

RNA-Seq data of 7,462 samples from Kaplan Meier plotte
datasets 44) was used for pan-cancer survival analysis.
The signicant prognostic signicance of HHLA2 was

determined in 10/20 tumors in this pan-cancer analysis
(Supplementary Table 1. Overview of these results was shown
in Figure 3, there is an obvious heterogeneity between di eren
cancer types.

Our result shows that it is hard to determine whether the
prognostic role of HHLAZ2 is favorable or unfavorable. Howeve
in the result of pan-cancer survival analysis, we observed|a
unigue and evident prognostic role of HHLAZ2 in kidney cleall ce
carcinoma comparing to other human cancers.

We further extended these results using two independent
KIRC cohorts from the GEO database (GSE_4O435’ GSE2254 1I)rGURE 1| The gure shows the distribution of HHLAZ2 in various human
All of these cohorts showed that the expression of HHLA2 was issues.
higher in low pathological grade than the high pathologica
grade Figured). This was consistent with our result
that overexpression of HHLA2 was a protective factor forSyrvival Analysis for Kidney Clear Cell
KIRC patients. Carcinoma (KIRC) Patients Revealed

Combing with the result of expression pro ling analysis, .
HHLA2 abounds in human normal and malignant tissue,lvletl'lylatlon Status of HHLAZ DNA Was

however only dierentially expressed in some tumor types”Ssociated With the Prognosis of KIRC

(KIRC, COAD etc.) Bupplementary Table }, the subsequent Patients

studies will focus on the unique role of HHLAZ in renal clearThe previous studies showed that copy number variant of
cell carcinoma. HHLA2 DNA may be involved in the dysregulation of HHLA2
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FIGURE 2 | Pan-cancer expression pro ling analysis of HHLA2(A) Interactive body map of HHLA2 mRNA expression constructed bysEPIA (TCGA), the darker color|
corresponds to the higher gene expression level. Red meanhie median expression of HHLA2 from tumor samples, and the gen is from normal samples.(B) The
length of the bar corresponds to the number of studies show gjni cant over or under expression of HHLA2 vs. normal tissuetlie number of signi cantly differently
expressed GEO clinical cohorts)(C) The boxplot shows the pan-cancer expression pro ling of HHLAR in human cancers. The below row refers to the standard
abbreviations of tumor in TCGA. The color refers to the tumdfred) or normal (blue)P-value Signi cant Codes: 0 ***< 0.001 *< 0.01 *< 0.05 .< 0.1.

expression level in breast cancerd), So, we will investigate were extracted from cBioPortal and Gene expression omnibus
whether DNA variant of HHLA2 have a similar e ect on KIRC (GEO) datasets (accession ID: GSE2108) The co-expression
patients. Our result shows that the expression of HHLA2 wagene of HHLA2 with the absolute value of the Pearson
correlated with the methylation status of HHLA2 DNA in KIRC, correlation coe cient > 0.4 was used to draw Venn plot
but not copy number variantKigure 5A). Then, we investigate (Figure 6A). The intersection of these gene lists was regarded
whether DNA change was correlated with the prognosis of KIRCas the potential co-expression gene of HHLARiglre 6A,
Survival analysis showed that the hypomethylation of HHLA2Supplementary Table 2 To investigate the potential function
DNA and overexpression of HHLA2 mRNA were favorableof co-expression genes, MetaScaf® (vas used for functional
prognostic factors for KIRC patients. However, there was nenrichment. The most statistically signi cant terms wereaim

signi cant correlation between HHLA2 copy number variantthn in Figure 6B The enrichment result shows that the SLC-
patient prognosisKigures 5B-D. mediated transmembrane transport might be associated Wuith t
co-expression genes of HHLA2.

Functional Annotation of Co-expression
Gene Network of HHLA2 Transcription and Post-transcription

Co-expression gene analysis is a systematic approach feegulation of HHLA2 Co-expression Genes
analyzing the potential regulatory pattern of the complexTaken together, the above nding indicated HHLA2 is
system {5). Co-expression genes of renal clear cell carcinomaigni cantly over-expressed in KIRC, this dysregulation
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FIGURE 3 | Forest plot shows the result of pan-cancer survival analysi The upper subgroups are composed of studies whoseP-value is< 0.05, the below
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samples HHLA2 HHLA2 HHLA2

L A L e N * Kaplan Meier expression

1 P-value = 0.00002349

Log-rank test statistics = 17.88
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FIGURE 5 | The Heatmap and Kaplan Meier curves of expression level, ntglation status, copy number variant of HHLA2(A) The heatmap shows the expression
level, methylation status, copy number variant of HHLA2 irhe TCGA database, determined by UCSC XengB-D) Kaplan Meier plot shows the over-expression and
hypomethylation of HHLAZ is favorable prognostic factor foKIRC patients.

Chip-seq is a commonly used experimental technique foSupplementary Table 4 Because previous studies suggested
studying protein-DNA interactions46). Cistrome data browser that HHLA2 is expressed in monocyte and B lymphocytes
is a comprehensive database that integrates human and moug#, 35), so we speculate that BATF is involved in the regulation
transcription factors Chlp-seq, DNase-seq, and ATAC-se@f HHLA2 expression in B lymphocytes and that SMADL1 is
experiment information. We used Cistrome data's Chip-se@datin monocytes.
to conrm that BATF, GATA3, HSF1, HOXC9, SMAD1 can In addition, using miRDB 88, 39, mirwalk (36, 37),
directly bind to HHLA2 DNA. and TargetScan 4() databases, we also investigated what
The evidence that BATF can bind HHLA2 DNA is microRNAs were involved in the post-transcription regulation o
derived from B Lymphocyte and Lymphoblastoid, SMAD1HHLAZ2.Using strict screening criteria (TargetScan: cab@C
is derived from Monocyte and Haematopoietic Progenitorscore percentile 98, contextC score< 0.4, miRDB: Score
Cell, and GATA3 is found in normal organs such as> 70, mirWalk: P-value < 0.01), two microRNAs (hsa-miR-
breast and brain. HOXC9 is found in brain and HSF1 is3116 hsa-miR-6870-5p) that might bind to HHLA2 mRNA were
found in the breast. Detailed results can be found in thedenti ed (Supplementary Figure L
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FIGURE 6 | Venn plot and Metascape enrichment result of co-expressiogenes of HHLA2.(A) The intersection of Venn plot is considered to be co-expressd genes

of HHLAZ2. (B) The bar plot of HHLA2 co-expression gene enrichment term.

DISCUSSION

research stage” and “clinical validation stagé7, (49), further

evidence fromin vivo and in vitro experimental evidence
HHLA2 is a newly identied gene of the B7/CD28 family. is needed for the understanding of the immune function of
Previous studies have reported that it was widely expressed MHLA2, before this experimental evidence, the prognostic role
patients with PD-1-negative NSCLC, which suggests HHLAZhould be discussed in detail, this was directly associitbdhe
might be promising immunotherapy target for tumor patients next research direction of HHLA2 and whether it is a promising
who do not response to PD-1 related therafyp) Our results prognostic marker or a new immunotherapeutic target.
are consistent with the previous reports that HHLA2 is widely According to our results, we proposed some inspiring insights

expressed in a number of human tumors including kidney,and hypothesis for the research of HHLAZ2.

Colon et al. Overall, according to expression pro ling anaysi
of Oncomine and TCGA, HHLA2 expression was signi cantly

elevated in most of the kidney cancers associated studys and

decreased in colorectal cancer datasets.
In the terms of prognostic role, since the over-expression

of immune checkpoint stimulator was always associated with

a better survival time of tumor patients, these two opposite
conclusions about HHLAZ2 function make the exact prognostic
role of HHLAZ still uncertain.

Our study indicated that HHLA2 was a signi cant prognostic
factor in a portion of tumors, but obvious heterogeneity

I) Ourresultrevealed that the prognostic signi cance of HH2A

was with slight evidence in portion of tumors. Although
some of the previous studies reported signi cant prognostic
value of HHLA2 in a variety of tumors4(/, 48), due to

the lack of blind method, relatively small sample size and
subjective quantitative method, high risk of bias may exist i
part of the previous reports. Therefore, in the future, more
rigorous researches and meta-analysis with high-quali ed
evidence are needed to determine the prognostic value of
HHLAZ2, especially in KIRC, and whether it is correlated with
tumor types.

prognostic value was observed on dierent kinds of tumors,|l) Our results showed that HHLA2 was a favorable prognostic

part of them are protective and others are unfavorable or no
signi cant prognostic factors.

Interestingly, a unique prognostic role of HHLA2 was
observed in renal clear cell carcinoma compared with other
tumor types. In a further study with KIRC as a case, we found
that overexpressed or hypomethylation of HHLAZ2 is a favorable
prognostic factor for KIRC, however, there was no signi cant
correlation between copy number variant of HHLA2 and the
prognosis of KIRC patients. Our nding was not consistent
with previous report that elevated expression of HHLA2 may

marker for KIRC with strong evidence, however, the favoeabl
role was not always observed in previous studies. Our nding
was consistent with the rst biological experimental report
about the function of HHLA2 {6), but was contrary to
part of previous researcheéq 48), so, why is the favorable
prognostic value of HHLA2 unique and evident for KIRC?
Further studies which are focused on the correlation betwee
characteristic of KIRC and the function of HHLA2 will
contribute to the understanding of the heterogeneous immun
function of HHLAZ2.

be associated with abnormal copy-number variant of HHLA2lIl) Gene expression dysregulation always corresponds to an

DNA in basal breast cancerl{). We are unable to reconcile
this discrepancy due to the lack of information on the primary
antibody applied in that study.

In general, HHLA2, as a newly identi ed immune checkpoint
molecule, little is known about the prognostic signi cancé o
HHLAZ2, recent publishing studies were still on “preliminary

important biological function in most cases. According to our
result, HHLA2 played an evident protective prognostic role
and was signi cantly overexpressed in KIRC, the biological
mechanism behind this phenomenon is needed to note,
further in vivo and in vitro experiment focused on this

phenomenon may be helpful to understand how HHLA2
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