www.aging-us.com AGING 2022Vol. 14, No. 8

ResearchPaper
Integrative analysis of expression, prognostic significance and
iImmune infiltration of RFG@amily genes in human sarcoma

Gen Wd?", Jian Zholr*, Xi Zhd, Xianzhe Tarfg Jie Lif, Qiong Zho#8 Ziyuan Cheh Tang Lit
Wanchun Wang Xungang Xia*, Tong Wt

Department of Orthopedics, The Second Xiandyapital of Central South University, Changsha 410011, Ht
China

2Clinical Medicine Eightear Program, Central South University, Changsha 410013, Hunan Province, Chin
3Department of Internal Medicine 111, University Hospital, Ludwig Maximilian WilyeMunich 81377, German
“Department of Orthopedics, Chenzhou No.1 People's Hospital, Chenzhou 423000, Hunan, China
*Department of Cardiology, The Fourth Hospital of Changsha, Changsha 410006, Hunan, China
%Department of Orthopedics, The First People's Hospital of ChabiggleChangde 415003, Hunan, China
Department of Emergency, The First Hospital of Changsha, Changsha 410005, Hunan, China

*Equal contribution

Correspondencéo: Xungang Xigdrong Wy emai: xxg8088@ 163.contong.wu0727 @hotmail.conrhttps://orcid.org/0000-
00033107702X

Keywords RFC, prognosis, expression, KEGG, bioinformatics analysis

Receivedfebruary 8, 2022 Accepted:April 13, 2022 Published:April 29, 2022

Gopyright: © 2022 Wu et al. This is an open access article distributed under the terms ofteative Commons Attributic
License(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
author and source are credited.

ABSTRACT

Objective: Toreveal the expressionand prognosticvalue of replication factor Cfamily genes(RFCpin patients
with sarcoma.

Results:Theresults showedthat the mRNAexpressionlevels of RFC2RFC3RFC4and RFChvere increasedin
sarcomatissues.In addition, CancerCell Line Encyclopedig CCLE(lataset analysisindicated that RFC1RFC:
RFC3RF@, and RFC5were elevated expressedin sarcomacell lines. Moreover, Gene ExpressionProfiling
Interactive Analysis(GEPIARNnd KaplanMeier Plotter showed that highly expressedRFC2 were associate!
with poor overall survival (OS)or relapsefree survivd (RFS)Jn sarcomapatients. The results of the Tumol
Immune EstimationResourcg TIMER databaseindicated that the expressionof RFCsvas negativelycorrelatec
with the infiltration of CD4+T cellsand macrophages.

ConclusionsTherewere significantdifferencesin the expressionof RFCdetween normal tissue and sarcom:
tissue,and RFC2RFC3RFC4and RFC5night be promisingprognostichiomarkersfor sarcoma.

Methods: The expressionof RFCsvas analyzedusingthe ONCOMINHElatasetand GEPlAdataset. CCE datase!
was usedto assesghe expressionof RFCén the cancercell line. Theprognosticvalue of RFCsvas evaluatedby
GEPIlAand KaplanMeier analysis.Furthermore, the associationbetween RFCsand their co-expressedgene:
were explored via ONCOMINEand GEPIAdatasets. We used the TIMERdatasetto analyzethe immune cell
infiltration of RFC# sarcoma.

INTRODUCTION cervical cancer, participates as an important host factor
in the replication of DNA [1, 2]. As a primer

The replication factor C (RFC, activator 1) was first  identification factor for DNA polymerase, RFC &

purified from the extracts of HelLa cells in human DNA binding protein with a specific structure and

666 Pl-AdAFA2Y oTnp ! DLbD


mailto:xxg8088@163.com
mailto:tong.wu0727@hotmail.com
https://orcid.org/0000-0003-3107-702X
https://orcid.org/0000-0003-3107-702X
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

function [3]. In vivo, RFC plays an essential in cell
biology cycles as a regulatory protddi. In humans,
RFC is reported as a complex consisting of RFC1 (140
kDa), RFC2 (40 kDa), RFC3 (38 kDa), RF@¥ kDa)
and RFC5 (36 kDa) subunifs]. The binding of the
five subunits determines the physiological function of
RFC. According to repor{$, 7], RFC can participate in
excision repair and mismatch repair of damaged DNA
by initiating signal transductiordownstream of the
checkpoint at the site of DNA damage by binding to the
cell cycle checkpoint protein. In addition, RFC can load
DNA polymerase and proliferating cell nuclear antigen
(PCNA) onto the primebound DNA template to form a
DNA-RFGPCNA-DNA polymerase complex. And
then, the polymerase complex extended alith the
DNA template in the presence of deoxynucleotides
(dNTPs), via the action of human singiganded DNA
binding protein (hSSB}]. As for interacting partners
with a variety of protims, not only are RFC factors
involved in multiple processes in the normal cell cycle,
but RFC factors also play an essential role in the
transcription and proliferation of tumor cells.

Further studies indicated that in the RFC family,
different subunitshave different roles in the cell cycle
[4]. RFC1 DNAbinding domain contains the main, and
of PCNA interacts directly with, involved in DNA
synthesis, DNA repajrand cell cycle. Unlike other
subunits, RFCL1 is rarely reported to have a relationship
with sacoma. In the studies of Tang8] and
Pennaneacl?], it is pointed out that RFC1 can promote
cell survival after DNA damage through the
retinoblastoma (Rb) pathway, which is related to
HutchinsonGilford Progeria Syndrome (HGPS).
According to report§l0], RFC2 is one of the important
components ofhe RFC complex that can unload PCNA
and inhibit DNA polymerase activity, it is highly

changes in cell cycle regulation occur in several types
of cancer, including osteosarcorfi®]. RFC4 interacts
with CDK1, MAD2L1, NDC80, and BUB1, and acts on
cell mitosis and cell cycl¢l3]. RFC5 is a necessary
subunit to open the PCNA clamp during DNA
replication. RFC5 participates in the repair and
regulation of mismatches, nucleotide exaisiocell
cycle, and DNA double helix damaggl7, 18]
Studies have suggested that RFC5 is significantly up
regulated in various cancer tissues or cells, and its
expression increases as the diseasgress[19i 22].
However, the specific role of RFC5 in sama is
rarely expressed in more detail. So far, the expression
program, functional role in sarcoma tissues, and
impact on the prognosis of sarcoma patients by RFC5
are still poorly known.

In sarcoma patients, the pathological features conferred
by RFC with different expression levels and their
prognostic impact in these patients have been reported
[4, 13]. To the best of our knowledge, there is still no
research using bioinformatics to analyze the roléhef
RFC family in sarcoma. In our study, we suminedl

the expression and mutations of RFC genes in sarcoma
to further analyze their process, latent function, and
prognosis of sarcoma transcription levels.

RESULTS

The transcription level of RFCs in patients with
sarcoma

In mammalian cells, there haveedn identified five
kinds of RFCfactors In the ONCOMINE database, the
transcription level of RFC in cancer tissues was
different from that in normal tissues (Figure 1). The
MRNA transcription level of RFCs showed a significant

expressed in some sarcoma tissues and cells. RFC2, as a difference between normahd sarcoma patients, except

key genewas upregulateth metastatic samples from
Ewing's sarcoma patient§11]. Meanwhile, bie
informatics analysis showed that the regulationof
this key gene reduced the overall survival rate of
Ewing's sarcoma patients. As the dominant gene in the
1313 amplicon, RFC3 ionsidered to be an oncogene
or antioncogene in different cancers based on its
cellular and histological characteristifE2]. Recently

the studysuggestedhat RFC3 is regulated by a series
of miRNAs including miR802[13]. At the same time,

it is repated that the wpegulated expression of miR

RFC1. I n Det wi l |[23], RFE2 witho ma 0
a fold change of 3.287, was overexpressed in
Fibrosarcoma (Table 1). In the database of Detwiller
sarcoma[23], RFC3 expressed an increase in fibroids

with a multiple change f 3.184. Det wi | |
datasef{23] showed that RFC3 expression factor with

the increased expression: the change of RFC3 in Round

Cell Liposarcoma was 3.588, the change of RFC3 in
patients with Synovial Sarcoma was 2.548, and the
change of patientsvith Leiomyosarcoma was 2.624

(Table 1). I n Bar rf2d)tRFE€a Sar

802 is shown in osteosarcoma tissues and promotes cell was overexpressed than normal in the following

proliferation by targeting p27 in U27 OS and M3
cells [14]. Hence, RFC3 is also closely related to the
cell proliferation of sarcoma tissue. In the DNandage
checkpoint pathway, RFC4 plays an important role and
can enhance the aitimor activity of DNAdamaging
chemotherapeuticfl5]. A study has pointed out that

sarcomas: 2.413 in myxoid/round cell liposarcoma,
2.257 in myxofibrosarcoma, 2.514 in leiomyosarcoma,
and 2.539 ipleomorphic liposarcoma.

Detwiller S a 23] suggedissthatdRF€C4a s e t
overexpression was found in Leiomyosarcoma with a
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fold change of 7.003, RFC4 ovexkpression was found
in Pleomorphic Liposarcoma with a fold change of
3.658, RFC4 oveexpressin was found in Malignant
Fibrous Histiocytoma with a fold change of 4.337, and
RFC4 overexpression was found in Fibrosarcoma with
of a fold change of 3.
dataset[24], RFC4 was overexpressed in Leiomyo
sarcoma with a fold changef 7.827. Barretina
Sar c o ma 0 s[24] dasd andisated that RFC4
overexpression is found in Pleomorphic Liposarcoma
with a fold change of 4.682. RFC4 ox@xpression was
found in Myxofibrosarcoma with a fold change of
4518, in Myxoid/Round Cell Liposeoma with a

RFC1

change of 3.952, and in Dedifferentiated Liposarcoma
with a change of 3.099.

In the 2 databases, there were significant differences in
mRNA transcription levels of RFC5. In Barretina

57 $ar ¢ o maBEal, Ricat osesapresSianrwasdonmal 6 s

in Myxofibrosarcoma with a change of 2.033 compared
with normal, and in Pleomorphic Liposarcoma with a
change of 2.097. I n
RFC5 ovetexpression was found in Leiomyosarcoma
with a fold change of 5.371, in Fibrosarcoma with a
change of 3.255, and in Malignant Fibrous Histiocytoma
with a change of 4.134.

RFC2 RFC3 RFC4 RFC5

23}t wi | |
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Figure 1. The transcription level of RFCs in patients with sarcoma.
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Table 1. Thesignificant changes of rfexpression in transcription level between different types of sarconidA:

not available.
GenelD Types ofsarcoma vs. normal Fold change  Pvalue t test Renferences
RFC1 NA NA NA NA NA

RFC2 Fibrosarcoma vs. Normal 3.287 6.42E5 4779 Detwiller Sarcoma
Fibrosarcoma vs. Normal 3.184 5.00E7 7.154 Detwiller Sarcoma
Round Cell Liposarcoma vs. Normal 3.588 6.65E7 7.393 Detwiller Sarcoma
Synovial Sarcoma vs. Normal 2.548 6.13E6 6.366 Detwiller Sarcoma
REC3 . Leiomyosarcqma vs. Normal 2.624 5.72E5 5.351 Detwil!er Sarcoma
Myxoid/Round Cell Liposarcoma vs. Norm: 2413 549E13  12.673 Barretina Sarcoma
Myxofibrosarcoma vs. Normal 2.257 3.37E11 9.037 Barretina Sarcoma
Leiomyosarcoma vs. Normal 2514 6.20E10 8.700 BarretinaSarcoma
Pleomorphic Liposarcoma vs. Normal 2.539 9.98E8 7.117 Barretina Sarcoma
Leiomyosarcoma vs. Normal 7.003 1.06E9 10.790 Detwiller Sarcoma
Pleomorphic Liposarcoma vs. Normal 3.658 4.03E7 7.948 Detwiller Sarcoma
Malignant FibroudHistiocytoma vs. Normal 4.337 1.15E7 7.444 Detwiller Sarcoma
Fibrosarcoma vs. Normal 3.579 6.63E7 6.866 Detwiller Sarcoma
RFC4 Leiomyosarcoma vs. Normal 7.827 146E17  16.192 Barretina Sarcoma
Pleomorphic Liposarcoma vs. Normal 4.682 485E15 14.216 Barretina Sarcoma
Myxofibrosarcoma vs. Normal 4518 133615 17.566 Barretina Sarcoma
Myxoid/Round Cell Liposarcoma vs. Normi 3.952 5.27TE12  18.791 Barretina Sarcoma
Dedifferentiated Liposarcoma vs. Normal 3.099 3.56E12 14.411 Barretina Sarcoma
Myxofibrosarcoma vs. Normal 2.003 2.59E13  10.719 Barretina Sarcoma
Pleomorphic Liposarcoma vs. Normal 2.097 7.02E9 7.985 Barretina Sarcoma
RFC5 Leiomyosarcoma vs. Normal 5371 7.61E6 6.193 Detwiller Sarcoma
Fibrosarcoma vs. Normal 3.255 1.73E5 5.368 Detwiller Sarcoma
Malignant Fibrous Histiocytoma vs. Normg 4.134 8.80E5 4.686 Detwiller Sarcoma

Relationship between the mRNAtranscription levels
and the clinical pathological parameters inRFC in
sarcoma patients

We use the Gene Expression Profiling Interactive
Analysis (GEPIA) datasethitp://gepia.cancepku.cnj

to compare diffenet mMRNA expression levels of RFCs

in sarcoma and normal samples. The results showed that
RFC2, RFC4, and RFC5 were upregulated in sarcoma
patients, while the high expression levels of RFC1 and
RFC3 were both with no significance. (Figurei 2&).

Expressiacn of RFC transforming factors in sarcoma
cell lines

Through the Cancer Cell Line Encyclopedia, we
expanded our preclinical human cancer model of detailed
annotation procesghttps://www.broadinstitute.gfccle).

The expressions of RFEEL were high in sarcoma cell
lines Figures 3A3E).

Prognostic value of RFCs in sarcoma

We investigated the prognostic analysis of RFCih
sarcoma using the plotter tool in the GEPIA and Kaplan

Meier databases (Kaplan Me plotter). Interestingly, in
these two databases, poor overall survival (OS) and
diseasdree survival (DFS) of sarcoma were related to
the upregulation of RFC1, but with meaningless (Figure
4). The results, however, of the database suggested that
high expression of RFC2 and RFC4 were associated
with the poor DFS and RFS in sarcoma (Figure 4B,
4D), with statistical differences. Nevertheless, increased
RFC3 and RFC5 mRNA levels were associated with
poor OS and RFS in sarcoma (Figure 4A, 40).

Co-expressed RFC genes and theorrection between
RFCs in sarcoma

Analyzed genes eex pressed with
study [25], we found that RFC1 has been positively
corrected by AKAP13, DCLK1, GLB1, DOCK2, CLTC,
LOC100128361, MGC11082, CXorf65, and SLCO1A2.
And then we analyzed genesexpressed with RFC2 in
the study of StosqR6], the results showed that RFC2
has been posiely corrected by MRPS12, RBP1,
MARS, SHMT2, NDUFAF3, CSNK2B, CDK1S6,
DNAJB1, PDLIM4, MFAP2, SF3B4, SMAGP, CKB,
TLE2, MAPKAPKS, FLII, HIP1R, ARHGDIA, and
TERF2. Analyzed genes -@xpressed with RFC3 in the
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study of Schaefef27], we found that RFC3 has lree
positively corrected by MTCH2, CCDC86, TRAPPC3,
LRRC59, SMCR7L, DDX3X, PNO1, PCMT1, EIF4E,
GLRX3, ARPC4, SLC25A1, DDA1, SNAP23, API5,
CLIC4, and VAMPS3. Genes eexpressed with RFC4

showed that RFC4 was ogitively corrected with
MCM2, RMI1, NCAPG2, EZH2, FANCI, ZNF367,
ATAD2, TYMS, RNASEH2A, ASF1B, and DTL.
Genes ceexpressed with RFC5 in the study of Chen
[25], and we found RFC5 was positively corrected with
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CTPS, UBE4B, MAGOH, MRPS15, SNRNP40, was positively corrected by RFC2 (R=0.39, p<0.05),
POLE3, MDH2, WBSCR22, and NUDC (Figure 5A). RFC3 (R=0.52, p<0.05), RFC4 (R=0.41, p<0.05), and
Through the GEPIA database, we analyzed the mRNA RFC5 (R=0.58, p<0.05) (Figure 5B). Furthermore,
expressions and calculated the coriefst between RFC2 was positively corrected with RFC3(R5D

RFCs with each other. The results showed that RFC1 p<0.05), RFC4(R=0.65, p<0.05), and RFC5(R=0.49,

Figure 3. Theexpression of RFCs sarcoma cell lines(A) The expression of RFC1 in sarcoma cell lines, analyzed by B)Qlte. (

expression of RFC2 in sarcoma cell lines, analyzed by CCILEe Expression of RFC3 in sarcoma cell lines, analyzed by D)CLEe (
expression of RFC4 in sarcoma cell lines, analyzed by B)Alte. éxpression of RFC5 in sarcoma cell lines, analyzed by CCLE.

GooP-&APA2Y OT MN ! DLb D



