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Abstract

treatment of ccRCC.

Polycomb group RING finger protein 6 (PCGF6) plays an important role as a regulator of transcription in a variety of
cellular processes, including tumorigenesis. However, the function and expression of PCGF6 in papillary RCC (pRCC)
remain unclear. In the present study, we found that PCGF6 expression was significantly elevated in pRCC tissues, and
high expression of PCGF6 was associated with poor survival of patients with pRCC. The overexpression of PCGF6
promoted while depletion of PCGF6 depressed the proliferation of pRCC cells in vitro. Interestingly, myc-related zinc
finger protein (MAZ), a downstream molecular of PCGF6, was upregulated in pRCC with hypomethylation promoter.
Mechanically, PCGF6 promoted MAZ expression by interacting with MAX and KDM5D to form a complex, and MAX
recruited PCGF6 and KDM5D to the CpG island of the MAZ promoter and facilitated H3K4 histone demethylation. Fur-
thermore, CDK4 was a downstream molecule of MAZ that participated in PCGF6/MAZ-regulated progression of pRCC.
These results indicated that the upregulation of PCGF6 facilitated MAZ/CDK4 axis expression and pRCC progression
by hypomethylation of the MAZ promoter. The PCGF6/MAZ/CDK4 regulatory axis may be a potential target for the
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Introduction

Renal cell carcinoma (RCC) originates from the urothe-
lium of the renal parenchyma, with a high incidence,
accounting for about four-fifths of renal malignant
tumors [1]. RCC ranks 10th in cancer incidence of all
malignant tumors and is the most common malignant
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tumor of the urinary system [2]. Kidney cancer is divided
into multiple tissue types, each with different character-
istics that depend on genetic drivers [3]. The incidence of
papillary RCC (pRCC) is the second most common after
clear cell RCC (ccRCC), accounting for approximately
15% of RCCs [4]. pRCC is a heterogeneous tumor includ-
ing two subtypes: pRCC1 and pRCC2 [5]. The prognosis
of pRCC is significantly better than that of ccRCC with-
out metastases in patients, and its 5-year tumor-specific
survival rate is also higher than that of ccRCC [6]. Cur-
rently, there was no effective treatment for patients with
advanced pRCC [7]. Therefore, the molecular mechanism
of pRCC should be explored to help determine candi-
date biomarkers and therapeutic targets and develop new
therapeutic methods.
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Polycomb group RING finger protein 6 (PCGF6), also
called as MBLR, RNF134, is a component of the Poly-
comb group family. PCGF6 was first identified in a poly-
protein complex associated with the E2F6 transcription
factor [8]. Some studies have found that PCGF6 acted
as a transcription inhibitor by interacting with certain
Polycomb group (PCG) proteins [9]. For example, the
PCGF6-PRC1 complex remodeled through chromatin
and mediated the monoubiquity of histone H2A “Lys-
119” Histone modifications inhibited gene expression
[9]. In contrast, a recent study identified that PCGF6 as a
transcriptional activator regulated stem cell pluripotency
through super-enhancer-dependent chromatin interac-
tions [10]. Interestingly, other studies have found that
PCGF6 regulated histone H3K4Me3 levels and down-
stream gene expression by activating KDM5D histone
demethylase [11]. PCGF6 and BMI1 promoted the devel-
opment of colitis-related cancer in mice by regulating the
expression of Reg3b which promoted proliferation and
reduced apoptosis [12]. However, the role of PCGF6 in
pRCC remains unclear.

Myec-related zinc finger protein (MAZ) was first iden-
tified as a transcription factor of MYC [13]. MAZ is
commonly expressed in various tissues, usually in com-
bination with GC-rich sequences, such as GGGAGGG or
CCCTCCC, and plays a dual role of transcription initia-
tion and termination in gene transcription [13, 14]. MAZ
not only activated the gene expression of c-Myc, insulin,
VEGE, PDGEF, and RAS gene families [13, 15-18], but
also terminated the transcription of eNOS and p53 [19,
20]. MAZ played a key role in the progression of pros-
tate, colorectal, pancreatic, and breast cancers, among
other cancers [15, 21-23]. MAZ transcription factor was
the downstream target of the oncoprotein Cyr61/CCN1,
which promoted the invasion of pancreatic cancer cells
through the CRAF-ERK signal [22]. The two functions of
FOXF2-mediated MAZ in basic breast cancer promoted
proliferation and inhibited progression [23]. MAZ drove
the tumor-specific expression of PPARy1 in breast can-
cer cells [21]. MAZ was reported to be upregulated in
ccRCC, and upregulated MAZ promotes cancer [24].
However, the expressed regulation and function of MAZ
in pRCC are unknown.

This study showed the elevated levels of PCGF6 and
MAZ in pRCC sample, and the upregulation of these
genes were associated with poor patient survival. The
upregulation of PCGF6 promoted the demethylation
of H3K4me3 in CpG island of MAZ promoter. PCGF6
interacted with MAX and KDM5D to form a complex,
and MAX recruited PCGF6 and KDM5D to the CpG
island of the MAZ promoter and promoted histone dem-
ethylation. CDK4 was a downstream gene of MAZ and
was involved in MAZ-induced pRCC progression. The
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PCGF6/MAZ/CDK4 signaling pathway demonstrated
an important role in regulating its proliferation during
pRCC, which provided a new potential therapeutic target
for the treatment of pRCC.

Materials and methods

Tumor samples

The pRCC tissues and corresponding normal kidney tis-
sues were brought from the Second Hospital of Hebei
Medical University between June 2013 and February
2022. Patients underwent radical nephrectomy during
hospitalization, and pathological analysis was performed.
Written informed consent was obtained from all the
patients enrolled in this study. The research protocol was
approved by the Ethics Committee of the Second Hospi-
tal of Hebei Medical University (No. 2020-R373).

Cell line, transfection, and vector construction

Human pRCC cell lines (i.e., SKRC-39, ACHN, Caki-2,
and UOK-112) were purchased from ATCC (Maryland)
for culture and were stored in the laboratory. The cells
were cultured in low-glucose medium. Then, 8% FBS
(Clark Bio) was added with 1% penicillin/streptomycin
(Solarbio) to the low-glucose medium. The cells were
cultured in a dressing box containing 5% CO, and 95%
air. Cells were transfected with Lipofectamine 2000 (Inv-
itrogen, Thermo Fisher Scientific, Massachusetts, MA)
according to the manufacturer’s operating manual. The
lentiviral vectors were constructed for the experiments
in the laboratory, including pLKO-shMAZ and pWPI-
MAZ, and stored at—80 °C. In addition, shPCGF6 and
0ePCGF6 lentiviral vectors were purchased from Hanbio
Biotechnology Co, Ltd. (Shanghai, China).

Total RNA extraction and RT-qPCR

RNAeasy Mini Elute Kit (QIAGEN, Germany) was used
to isolate total RNA according to the commercial opera-
tion manual. Then, concentration and quality of RNA
were detected using NanoDrop 2000 system. The first
strand of cDNA was synthesized using M-MLV’s First
Strand Kit (USA) according to the operation manual.
The synthesized cDNA was diluted 5 to 10 times accord-
ing to the amplification needs. The expression of mRNA
was detected by RT-qPCR (Bio-Rad USA) in a CFX96
real-time system using the Monad kit (MonScript,
Monad, China) with indicated primers (Additional file 1:
Table S1). The expression of mRNA was normalized
using GAPDH as an internal reference gene. The relative
expression of mRNA was analyzed and calculated using
the 2722 formula [24].
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Western blot analysis

Proteins were detected in cells and tissues by West-
ern blotting as described earlier [25]. Protein lysate was
used to extract total protein from cells and frozen tissue
samples. The protein concentration in the resulting pro-
tein samples was determined using a modified Lowry
method. The proteins were then separated by SDS-PAGE
and then transferred to PVDF membranes (Merck Mil-
lipore) using the semi-dry method. After blocked with
5% milk, the membrane was incubated with the primary
antibody for 2—4 h at 37 °C. The primary antibodies were
as follows: MAZ (1:1000, 21068-1-AP), PCGF6 (1:1000,
25814-1-AP), MAX (1:1000, ab199489), KDM5D (1:500,
ab194288), CDK4 (1:1000, 11026-1-AP), H3K4me3
(1:1000, ab8580), and P-actin (1:5000, sc-47778). Then,
the membrane was incubated with horseradish peroxi-
dase (HRP)-conjugated secondary antibodies (1:10000,
Rockland). The membrane was incubated with ECL
Luminescent Fluid (WBKLS0500, Millipore) after wash-
ing. Then used eFusionCapt Advance Fx5 (Collégien,
France) to capture and analyze all images.

DNA methylation detection

Bisulfite sequencing was applied to detect the MAZ pro-
moter region in pRCC tissue. Total DNA was isolated
from tumor tissues and the EZ DNA Methylation-Light-
ning Kit (#D5030) was used to detect genomic DNA.
The DNA was amplified by polymerase chain reaction
(PCR) reaction, and the production was purified using
the QIAquick PCR Extraction Kit (Germany). The puri-
fied BSP product was ligated with peasy-T5 vector and
introduced into competent cells. The DNA plasmid from
a single colony was extracted and sequenced directly.

Immunohistochemistry

pRCC tissues with a slice thickness of 4 pm were roasted
at 65 °C for 2 h, dewaxed and dehydrated, repaired under
high pressure for 3 min, and then returned to room tem-
perature. The instructions of the immunohistochemis-
try (SP0041, Solarbio) kit were followed until the tissue
was incubated with the antibody MAZ (1:100, 21068-1-
AP). Seven fields of view were randomly selected, pho-
tographed with a microscope. The percentage of brown
particles in each field of view was quantified using Inte-
grated Performance Primitives (version 6.0; Intel Corpo-
ration, CA).

Morphometry and histology

Healthy kidney tissues and fresh pRCC tissues were
washed with 0.9% saline surface blood. Tissues were
fixed in formalin fixative for 48 h. Conventional paraffin-
embedded tissue was used for the above. The embedded
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tissue was histologically sectioned to a thickness of 5 um
and performed the HE staining. The images of HE stain-
ing were acquired using a Leica microscope (DM6000B;
Leica) and quantified using the Leica Application Suite
(version 4.4; Leica).

Cell viability assay

MTT colorimetric assay was performed to measure cell
viability. First, 5000 cells of SW839 and Caki-2 were
planted into 96-well plates. Transfections were per-
formed in groups of experiments or stimulated with
AZD6244 for 24 h. Cell medium was discarded and
replaced with MTT reagent (Sigma-Aldrich) and serum-
free medium in 96-well plates. Then, the 96-well plate
was incubated for 3 to 4 h. A microplate reader (Massa-
chusetts, USA) was used to measure the absorbance of
each space.

Colony formation assay

Hundred cells were seeded for each well of a six-well
plate. The cells were cultured with 8% medium in an
incubator at 37 °C for 1 week and then fixed with meth-
anol solution. The six-well plate colonies were then
stained with 0.25% crystal violet solution. Finally, the
number of colonies were counted and analyzed under the
microscope.

Chromatin immunoprecipitation assay

The steps were followed as described for the previous
ChIP assay [26]. The cultured cells were first fixed with
formaldehyde. Then, cells were sonicated and fragments
of 400-600 bp in size were obtained to cross-link chro-
matin. Samples were diluted and pretreated with blocked
A-Sepharose beads for 30 min. Supernatants were immu-
noprecipitated overnight with anti-H3K36me2 or anti-
IgG antibodies. Finally, the beads were uncross-linked
from the protein and the occupancy of H3K36me2 on the
MAZ CpG promoter was detected by RT-qPCR.

Co-immunoprecipitation assay

Magnetic beads (MCE) were incubated with the anti-
body to form a magnetic bead—antibody complex. The
collected cells were lysed on ice, and an equal amount of
protein solution was used for co-immunoprecipitation
(ColIP) and then incubated with rotation to form mag-
netic bead—antigen—antibody complexes. The superna-
tant was discarded after washing four times with buffer.
An eluate of 35 ul was added to the magnetic bead—anti-
gen—antibody complex, and cooked at 100 °C for 10 min.
Finally, protein interactions were analyzed by Western
blot or mass spectrometry [27].
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Xenograft animal model

In vivo tumor growth assays were performed [25, 27, 28].
Male BALB/c nude mice (4—6 weeks) in this study were
purchased from Vital River Laboratory Animal Technol-
ogy Co., Ltd. (Beijing). Caki-2 cells were collected sta-
bly infected with LV-shMAZ or LV-shPCGEF6. All cells
were harvested by trypsinization; 5x 106 cells were
mixed with 50% Matrigel (BD, NJ) and 50% serum-free
medium and injected subcutaneously into the right pos-
terior flank of the mice. The length and width of subcu-
taneous xenograft tumors in mice were measured twice
a week. The mouse tumor volume was calculated by
(Iength x width?)/2.

Statistical analysis

We used Student’s t-test which was performed to analyze
the differences between the two groups of data. All data
were expressed as mean=standard error. Spearman’s
correlation analysis was performed to evaluate correla-
tions. p-values of less than 0.05 were used to indicate sta-
tistical significance. Prism GraphPad Software was used
for graphing and statistical analysis.

Results

PCGF6 expression increases in pRCC and correlated

with poor prognosis

Studies reported that PCGF6 was closely related to stem
cell differentiation and various tumor progression [29—
31]. However, the expression and specific function of
PCGF®6 in pRCC remain unclear. First, H&E staining was
performed to confirm the collected pRCC and healthy
kidney tissues (Fig. 1a). Subsequently, the expression of
PCGF6 in pRCC and healthy kidney tissues were tested
through the immunohistochemical staining and West-
ern blotting. The protein level of PCGF6 was significantly
increased in pRCC tissues as compared to normal kid-
ney tissues (Fig. 1b—d). The mRNA expression of PCGF6
was measured in pRCC and healthy kidney tissues using
RT-qPCR. The mRNA expression of PCGF6 in pRCC tis-
sue was consistent with its protein expression, and both
were obviously higher than those in healthy kidney tis-
sue (Fig. 1e). The pRCC data were analyzed in The Can-
cer Genome Atlas (TCGA) database and found that the
mRNA level of PCGF6 was obviously higher in pRCC tis-
sue than in healthy kidney tissue (Fig. 1f). The Kaplan—
Meier correlation method was used to analyze the TCGA
database. The results showed that higher PCGF6 mRNA
expression in patients with pRCC could lead to poorer
overall survival (Fig. 1g). A statistically significant rela-
tionship was found between PCGF6 expression and
TNM stage, but not with other clinicopathologic factors,
such as gender, age, and pT status (Table 1). Next, the
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expression of PCGF6 was examined in the pRCC cell line,
and the results showed that the level of PCGF6 in the
ACHN cell line was obviously lower than that in other
cell lines, whereas the expression of PCGF6 in Caki-2 was
higher (Fig. 1h—j). Therefore, in subsequent experiments,
we will overexpress PCGF6 in the ACHN cell line and
knock down PCGF6 in the Caki-2 cell line. These results
suggested that the upregulation of PCGF6 might play a
role in promotion of pRCC progression.

PCGF6 facilitates cell proliferation in pRCC

To investigate how PCGF6 plays function in pRCC, the
loss-or-gain of function experiments were implemented
in vitro. We first constructed a PCGF6 overexpression
vector and two shRNAs that knocked down PCGFé6.
The transfection of 0ePCGF6 in ACHN cells markedly
elevated the expression of PCGF6. However, shPCGF6
transfection significantly inhibited the expression of
PCGF6 in Caki-2 cells (Fig. 2a—c). MTT assay was con-
ducted to examine cell viability. The results showed that
the depletion of PCGF6 inhibited the growth of Caki-2
cells, whereas the overexpression of PCGF6 in ACHN
cells promoted cell proliferation (Fig. 2d). Colony for-
mation assay showed similar results (Fig. 2e, f). These
results showed that PCGF6 played a role in promoting
the growth of pRCC cells.

MAZ expression was upregulated in pRCC

and was positively correlated with PCGF6 expression

Our previous study found that MAZ was increased in
c¢cRCC and the upregulation of MAZ facilitated tumor
progression [24]. To explore whether PCGF6 promotes
pRCC progression by regulating MAZ expression. We
overexpressed and knocked down of PCGF6 and exam-
ined the MAZ expression. The results showed that deple-
tion of PCGF6 significantly reduced MAZ protein and
mRNA level, while overexpression of PCGF6 elevated
MAZ expression (Fig. 3a—c). Next, we explored MAZ
expression in pRCC tissues. As shown in Fig. 3d—f, both
mRNA and protein expression of MAZ in pRCC tissues
were obviously higher than those in healthy kidney tis-
sue. The same results were obtained from pRCC data
analyzed in the Cancer Genome Atlas (TCGA) database
(Fig. 3g). The Kaplan—Meier correlation method was
used to analyze MAZ expression in the TCGA database.
The results revealed that higher MAZ mRNA expres-
sion in patients with pRCC could lead to poorer overall
survival (Fig. 3h). In addition, both our PCR results and
the data from TCGA indicated that MAZ expression was
positively correlated with PCGF6 expression in pRCC tis-
sues (Fig. 3i and Additional file 2: Fig. S1). Together, these
results suggested that the upregulation of MAZ in pRCC
might play a role in PCGF6-regulated pRCC progression.
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Fig. 1 The upregulation of PCGF6 is strongly associated with poor prognosis of patients in pRCC. A H&E staining was used to confirm pRCC and
healthy kidney tissues. Scale bar=25 um. B The expression of PCGF6 in cancer and healthy kidney tissues was examined by immunohistochemical
(IHC) staining. Scale bar=25 um. C The protein expression of PCGF6 was detected in tumor (T) and normal (N) kidney tissues using Western
blotting. D Quantitative Western blotting of C. E The mRNA level of PCGF6 was explored using RT-gPCR in tumor (n=31) and healthy kidney
(n=31) tissues. F TCGA database was used to analyze mRNA expression of PCGF6. G Kaplan-Meier analysis of the relationship between the
expression level of PCGF6 and patient prognosis in the TCGA database. H The protein expression of PCGF6 was measured using Western blotting
in pRCC cell lines (i.e,, SKRC-39, Caki-2, ACHN, and UOK-112). I Quantitative analysis of the data from Western blotting of H. J The mRNA level of
PCGF6 was measured using RT-gPCR in the aforementioned cell lines. All data are from three independent experiments and are expressed as
mean = standard error. *p < 0.05, **p < 0.01 versus the corresponding controls

MAZ mediated PCGF6-regulated pRCC cells proliferation

To investigate whether MAZ is involved in PCGF6-reg-
ulated pRCC progression, we first transfected Caki-2
cells with MAZ shRNA and ACHN cells with its over-
expression vector. Transfection with oeMAZ vector in
ACHN cells markedly elevated the expression of MAZ.
However, shMAZ transfection significantly inhibited
the expression of MAZ in Caki-2 cells (Additional file 2:
Fig. S2A-C). Next, ACHN cells were co-transfected
with 0eMAZ and shPCGF6 or their corresponding
control vectors, and Western blot was used to detected
MAZ and CDK4 proteins level. As shown in Fig. 4a, b,
overexpression of MAZ significantly increased CDK4
protein expression. However, this promotion effect

was partially offset in the depletion of PCGF6, simul-
taneously. Conversely, the depletion of MAZ reduced
the expression of CDK4 in Caki-2 cells. However, this
inhibition effect was enhanced in the depletion of
both MAZ and PCGF6 (Fig. 4c, d). Subsequently, res-
cue experiments were used to detect the function of
PCGF6/MAZ in pRCC cells growth. Overexpression of
MAZ facilitated the ACHN cells proliferation, and this
could be partially offset with suppression of PCGF6,
simultaneously (Fig. 4e). In contrast, depletion of
MAZ significantly depressed the growth of Caki-2 cells
while simultaneous knockdown of MAZ and PCGF6
enhanced the inhibitory effect (Fig. 4f). The colony for-
mation assays also obtained the same results (Fig. 4g,
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Table 1 Clinicopathological characteristics

Characteristics Number of PCGF6 expression
patients (%)
Low (%) High (%) p value
No. of patients 31 16 15
Age
<62 17 8 (47.06) 9(52.94) 1.000
>62 14 7 (50.00) 7 (50.00)
Gender
Male 21 10 (47.62) 11(52.38) 0.704
Female 10 6 (60.00) 4 (40.00)
Tumor size (cm)
<3 19 13 (68.42) 6(31.58) 0.705
>3 12 7 (55.56) 5 (44.44)
pT status
pl,—pT, 17 11(64.71)  6(3529) 0.290
pTs-pT, 14 6 (42.86) 8(57.14)
pN status
pNO 20 12 (60.00)  8(40.00) 0478
pN1-pN3 Il 5 (45.45) 6 (54.55)
TNM stage
|-l 22 6(27.27) 16 (72.73) 0.017
=V 9 7(77.78) 2(2222)

h). These results demonstrated that MAZ was involved
in PCGF6-regulated pRCC cells proliferation.

PCGF6 interacts with MAX/KDM5D and promotes MAZ
promoter hypomethylation

Demethylation of gene promoters play a critical role
in RCC progression [32-34]. To investigate whether
PCGF6 regulates MAZ expression by facilitating pro-
moter demethylation, we first analyzed the modification
of MAZ promoter methylation in the TCGA database.
The analysis indicated that the methylation level of MAZ
promoter in pRCC tissues was significantly lower than
that in healthy kidney tissues (Fig. 5a). Next, we ana-
lyzed the CpG island of MAZ promoter (Fig. 5b), then
MSP and bisulfite sequencing PCR (BSP) were per-
formed to detect methylation level in CpG island. The
BSP results indicated that the methylation level of MAZ
promoter CpG was lower in pRCC tissues compare in
normal kidney tissue (Fig. 5c). Previous study showed
that PCGF6 associated with the H3K4me3 and nega-
tively regulated its levels. To explore whether PCGF6
promoted the H3K4 histone demethylation, shPCGF6
was transfected into cells and examined the H3K4me3
methylation level in MAZ promoter by ChIP. The results
showed that suppression of PCGF6 markedly increased
the H3K4me3 methylation level (Fig. 5d). Additionally,
overexpression of PCGF6 in both cell lines significantly
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suppressed the methylation levels of the MAZ promoter
CpG island (Fig. 5e). A ColP-mass spectrometry (ColP-
MS) was conducted to identify how PCGF6 promoted
the demethylation of MAZ promoter. It was found that
13 proteins enhanced their interaction with PCGF6 in
PCGF6-overexpressed cells (Fig. 5f, Additional file 3).
Next, CoIP-combined Western blot verified that MAX
and KDMS5D interacted with PCGF6 (Fig. 5g). To identify
whether MAX was involved in PCGF6-regulated dem-
ethylation of MAZ promoter, cells were co-transfected
with 0ePCGF6 and shMAX vectors. The results revealed
that depletion of MAX promoted the methylation of the
MAZ promoter, which was partially offset by overex-
pressing PCGF6 (Fig. 5h). In addition, Correlation analy-
sis shows that hyper-methylation of MAZ expression was
inversely correlated with PCGF6 expression in pRCC tis-
sues (Additional file 2: Fig. S3). Since MAX is a transcrip-
tion factor, and we want to know whether MAX recruits
PCGF6 and KDM5D to CpG island. Next, the MAX
binding motif within the CpG island of MAZ promoter
was analyzed and found two potential MAX binding
motifs in CpG island (Fig. 5i). Subsequently, a ChIP-PCR
assay was performed and showed that PCGF6, KDM5D,
and MAX combine to the CpG island mainly located
—574 to —704 bp among the MAZ promoter (Fig. 5j).
The luciferase assay was performed in Caki-2 cells to
investigate whether PCGF6, KDM5D, and MAX com-
plex regulate the promoter activity of MAZ. We found
that elevation of MAX expression clearly promoted the
luciferase activity of the MAZ promoter. However, deple-
tion of PCGF6 together could be reversed the promotion
effect of elevated-MAX (Fig. 5k). In addition, the result
showed that lacking MAX binding motifs clearly inhib-
ited the luciferase activity of the MAZ promoter (Addi-
tional file 2: Fig. S4). Together, these findings suggested
that one function of PCGF6 was to interact with MAX
and KDM5D and exaltation of MAZ expression through
histone demethylation.

CDK4 is involves in MAZ-regulated pRCC progression

CDK4 as an important marker gene for cell prolifera-
tion may be involved in MAZ-regulated cell prolifera-
tion, and then we measured CDK4 expression in different
cell lines. As shown in Fig. 6a, the mRNA level of CDK4
was upregulated in pRCC cell lines compared with that
in 293A cells. Next, we examined CDK4 expression in
pRCC tissues and found that the expression of CDK4 was
significantly increased (Fig. 6b). The higher CDK4 mRNA
expression in patients with pRCC predicted poor overall
survival (Fig. 6¢). Subsequently, the binding sites of MAZ
in CDK4 promoter were analyzed to confirm whether
MAZ transcriptionally regulates CDK4 expression, and
three potential bound motifs were found in this region
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Fig. 2 PCGF6 facilitates pRCC cell growth in vitro. A Caki-2 cells were transfected with two vectors of PCGF6 shRNAs (shPCGF6-1# and shPCGF6-24),
ACHN cells were transfected with PCGF6 overexpression vectors. RT-gPCR was conducted to measure the mRNA level of PCGF6. B The indicated
vectors were transfected into cells as A, and the expression of PCGF6 was measured using Western blotting. C Quantitative analysis of Western
blotting from B. D-F Cell transfection as A, and cell viability was detected using MTT (D) and colony formation assays (E, F). All data are from three
independent experiments and are expressed as mean = standard error. *p < 0.05, **p < 0.01 versus the corresponding controls

(Fig. 6d). In addition, ChIP-PCR showed that MAZ was
predominantly bound to the proximal site (—8to—121
nt) of the transcription within CDK4 promoter (Fig. 6e).
Luciferase assay demonstrated that MAZ increased the
luciferase activity of CDK4 promoter, and overexpression
of PCGF6 simultaneously enhanced this effect (Fig. 6f).
And the result showed that lacking MAZ binding motifs
clearly inhibited the luciferase activity of the CDK4 pro-
moter (Additional file 2: Fig. S5). Rescue experiments
were used to detect the function of MAZ/CDK4 in
pRCC cells growth. Overexpression of MAZ facilitated
the ACHN cells growth, and this effect could be offset
with suppression of CDK4, simultaneously (Fig. 6g). In
contrast, deletion of MAZ significantly depressed the
growth of Caki-2 cells while simultaneous knockdown of
MAZ and CDK4 enhanced the inhibitory effect (Fig. 6h).
In parallel, we obtained the similarity results from the

colony formation assays (Fig. 6i, j). Together, these results
revealed that MAZ/CDK4 axis regulated pRCC cells
proliferation.

Disruption of PCGF6/MAZ/CDK4 axis inhibits pRCC
xenograft progress in vivo

A xenograft model was developed and employed to
examine whether PCGF6/MAZ/CDK4 axis regulate
pRCC cell growth in vivo. MAZ depletion signifi-
cantly depressed tumors growth in nude mice while
overexpression of PCGF6 simultaneous partial offset
the effect of suppression (Fig. 7a, b). The average wet
tumor weight after resection confirmed these findings
(Fig. 7c). To confirm whether PCGF6 is also involved
in regulating hypomethylation of MAZ promoter
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in vivo, we tested the level of methylation in xenograft
tumor tissue. The results showed that overexpression
of PCGF6 markedly decreased level of methylation of
MAZ promoter. However, depletion of MAZ did not
affect PCGF6-regulated methylation of MAZ promoter
(Fig. 7d). Next, Western blot also demonstrated that
xenograft tumors derived from MAZ-depleted cells
exhibited marked downregulation of MAZ and CDK4
expression, and this reduction was partially reversed by
simultaneous overexpression of PCGF6 (Fig. 7e, f). The
results of immunofluorescence staining also confirmed

this finding (Fig. 7g, h). Taken together, these results
suggested that blocking the PCGF6/MAZ/CDK4 axis
inhibited in vivo pRCC progression (Fig. 8).

Discussion

The role of PCGF6/MAZ/CDK4 axis in regulating pRCC
tumorigenesis was investigated. It was found from the
clinical samples and TCGA database that the expression
of MAZ in pRCC tissues was obviously elevated, and the
upregulation of MAZ in patients was predicted with a
poor prognosis. MAZ was reported to act as an oncogene
by promoting the growth of pRCC cells. MAZ promoter
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was found to be hypomethylated, and PCGF6 regulated
the demethylation of H3K4me3 in CpG island of MAZ
promoter. Mechanistically, MAX recruited PCGF6
and KDM5D to CpG island of the MAZ promoter and
formed a complex in which PCGF®6 interacted with MAX
and KDM5D to induce H3K4me3 demethylation at the
MAZ promoter, thus leading to DNA hypomethylation.
This study results showed that PCGF6/MAZ/CDK4 axis
promoted pRCC growth.

Cyclin-dependent kinases (CDKs) are essential chap-
erone kinases for cells to complete the cell cycle process
[35]. Overactive CDKs in tumors are believed to be one
of the hallmarks of important malignancies that drive

cell division and generate sustained proliferative sig-
nals [36]. The cell cycle is regulated by a variety of pro-
teins, among which D-type cyclin and its related CDKs
(CDK4) play a crucial role in the cell cycle mechanism.
Studies have shown that phosphorylation and inactiva-
tion of retinoblastoma protein (RB) can drive the tran-
sition from G1 to S phase [37]. The cyclin D-CDK4
complex is a major integrator of various mitogenic and
antimitotic signals. It phosphorylates SMAD3 in a cell
cycle-dependent manner and inhibits its transcrip-
tional activity [38]. Many human cancers have genomic
or transcriptional abnormalities that activate CDK4/6,
and inhibition of CDK4/6 has become a potential target
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(1400 bp). € DNA methylation of MAZ promoter was examined using bisulfite sequencing PCR (BSP). D Caki-2 cells were transfected with
shPCGF6-1# (shPCGF6) or control vector, and then ChIP-PCR was used to explore the CpG isolate of MAZ promoter with IgG or H3K4me3 antibody.
E DNA methylation in CpG island of the MAZ promoter was measured by bisulfite sequencing PCR (BSP) in Caki-2 and ACHN with indicated
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Fig. 6 CDK4 is involved in MAZ-regulated pRCC cell proliferation. A RT-gPCR was used to examine CDK4 mRNA expression in different cell lines. B
RT-gPCR was used to measure CDK4 mRNA levels in clinical tissues. C The Kaplan—-Meier analysis was used to determine survival rates for patients
with pRCC based on CDK4 levels. D The CDK4 promoter contains the potential binding site for MAZ. E ChIP-gPCR detected MAZ binding to CDK4
promoter region in Caki-2 cells. F Luciferase reporter assays were performed to detect CDK4 promoter activity in Caki-2 cells after cotransfected
with indicated vectors. G ACHN cells were transfected with oeMAZ or shCDk4 or corresponding control vectors alone or together, and then cell
viability was detected using MTT. H Caki-2 cells were transfected with shMAZ or shCDk4 or pLKO control vectors alone or together, and MTT was
used to measure cell viability. I, J ACHN cells were transfected as in G, and colony formation assays was used to explore cell proliferation. All data
are from three independent experiments and are expressed as mean = standard error. *p < 0.05, **p <0.01, **p <0.001 versus the corresponding
controls

for the development of antitumor drugs [39]. Therefore, ~HMGBI is an important factor in the mechanism of
studying mechanism of action of CDK4/6 in tumors tamoxifen resistance and serves as a predictor of the
may provide a theoretical basis for the development therapeutic effect of CDK4/6 inhibitors in breast can-
of more targeted therapies. Zhang et al. reported that cer. [40]. Ribociclib suppression of CDK4/6-cyclin
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Fig. 7 The disruption of PCGF6/MAZ/CDK4 axis inhibits pRCC xenograft progression in vivo. A Tumor volumes were measured in nude mice with
xenograft of Caki-2 cells with stable deletion of MAZ or overexpression of PCGF6, alone or together. B The representative tumor size of all mice is
presented. C Measuring wet weight of xenograft tumors. D The DNA methylation condition of the CpG island of the MAZ promoter in xenograft
tumors were examined using BSP. E The protein levels of MAZ, PCGF6, and CDK4 were measured in tumors using Western blotting. F Quantitative
analysis of Western blotting data from E. G Double immunofluorescence staining measures the level of MAZ and CDK4 in xenograft tumors. H
Quantitative analysis of fluorescence intensity of G. All data are from three independent experiments and are expressed as mean =+ standard error.

*p<0.05, **p<0.01,***p <0.001 versus the corresponding controls

D-Rb signal path enhances chemotherapy and immu-
notherapy in RCC [41]. This study showed that MAZ-
promoted pRCC progression through transcriptional
regulation of CDK4. Therefore, targeting the PCGF6/
MAZ/CDK4 axis may be one of the effective ways to
treat pRCC.

MAZ is involved in the progression and metastasis of
multiple cancer types and the expression is upregulated
in various cancers [15, 22, 42]. Elevated expression of
MAZ reported to enhance the growth and metastasis of
prostate cancer by increasing the expression of andro-
gen receptors [43]. MAZ promotes bone metastasis of
prostate cancer through transcriptional promotion of the
KRas/RalGEFs signal path [15]. MAZ is a downstream
molecule of Cyr61/CCN1, which expands the invasion

of pancreatic cancer cells through CRAF-ERK signal-
ing [22]. MAZ is reported to be upregulated in ccRCC
tissues and cells, and this increases ccRCC cell growth
and tumor progression (data not shown). However, the
role and biological function of MAZ in the clinical treat-
ment of pRCC remains unclear. The results of this study
showed that the level of MAZ in pRCC tissue was higher
than that in healthy kidney tissue, and the expression of
MAZ was positively correlated with the overall survival
rate of patients with pRCC. The expression of MAZ was
found to be downregulated in ACHN, whereas it was
upregulated in the Caki-2 and UOK-112 cell lines. It was
speculated that as ACHN was a migrating cell carcinoma,
it was different from cancer cells in situ. The difference in
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gene expression between carcinoma in situ and migrating

cell carcinoma in pRCC needs to be explored.
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Additional file 1: Table S1. Primers used in the study.

Additional file 2. Fig. S1: A Correlation analysis was performed between
MAZ and PCGF6 mRNA expression in pRCC tissues from the data of TCGA.
Fig. S2: RT-qPCR and Western blot were used to verify MAZ expression.
A Caki-2 cells were transfected with MAZ shRNAs and ACHN cells were
transfected with MAZ overexpression vectors. RT-qgPCR was conducted to

into cells as A, and the expression of MAZ was measured using Western
blotting. C Quantitative analysis of Western blotting from B. Fig. S3:
Correlation analysis was performed between MAZ promoter hypo-
methylation and PCGF6 mRNA expression in pRCC tissues. Fig. S4: ACHN

measure the mRNA level of MAZ. B The indicated vectors were transfected

Foundation of China (No. 82072842, 81970216), Excellent Youth Science Foun-

dation of Hebei Province (H2019206536).
Data availability statement

The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Received: 5 December 2022 Accepted: 1 March 2023
Published online: 09 March 2023

References

cells co-transfected with the indicated vectors were used for the luciferase
reporter assays. **p < 0.01 versus the corresponding controls. Fig. S5:
Luciferase reporter assays were performed to detect CDK4 promoter activ-
ity in Caki-2 cells after cotransfected with indicated vectors.

Additional file 3. The proteins interacting with PCGF6 were analyzed by
mass spectrometry.

1.

Kawashima A, Kanazawa T, Kidani Y, Yoshida T, Hirata M, Nishida K, Nojima
S, Yamamoto Y, Kato T, Hatano K, Ujike T, Nagahara A, Fujita K, Morimoto-
Okazawa A, Iwahori K, Uemura M, Imamura R, Ohkura N, Morii E, Sakagu-
chi S, Wada H, Nonomura N. Tumour grade significantly correlates with
total dysfunction of tumour tissue-infiltrating lymphocytes in renal cell
carcinoma. Sci Rep. 2020;10:6220.

Gray RE, Harris GT. Renal cell carcinoma: diagnosis and management. Am
Fam Physician. 2019;99:179-84.

Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The 2016 WHO

Acknowledgements
Not applicable.

Author contributions

Study conception and design: MZ, J-FG, ZY and L-XR. Acquisition of data: L-XR,

R-NZ, HZ, X-CZ and MZ. Analysis and interpretation of data: C-BQ, MZ, R-NZ

and HZ. Drafting of manuscript: J-FG and MZ. All authors read and approved

the manuscript.

Funding
This study was partially supported by the Natural Science Foundation of
Hebei Province of China (No. H2022206199), the National Natural Science

classification of tumours of the urinary system and male genital organs-
part a: renal, penile, and testicular tumours. Eur Urol. 2016;70:93-105.

4. Akhtar M, Al-Bozom IA, Al HT. Papillary renal cell carcinoma (PRCC): an
update. Adv Anat Pathol. 2019,26:124-32.

5. Vendrami CL, Velichko YS, Miller FH, Chatterjee A, Villavicencio CP,
YaghmaiV, McCarthy RJ. Differentiation of papillary renal cell carcinoma
subtypes on MRI: qualitative and texture analysis. AJR Am J Roentgenol.
2018;211:1234-45.

6. DengJ, LiL, Xia H, Guo J, Wu X, Yang X, Hong Y, Chen Q, Hu J. A com-
parison of the prognosis of papillary and clear cell renal cell carcinoma:
evidence from a meta-analysis. Medicine (Baltimore). 2019,98:216309.


https://doi.org/10.1186/s13072-023-00483-w
https://doi.org/10.1186/s13072-023-00483-w

Zhu et al. Epigenetics & Chromatin (2023) 16:9

20.

21

22.

23.

24.

25.

26.

Courthod G, Tucci M, Di Maio M, Scagliotti GV. Papillary renal cell car-
cinoma: a review of the current therapeutic landscape. Crit Rev Oncol
Hematol. 2015;96:100-12.

Ogawa H, Ishiguro K, Gaubatz S, Livingston DM, Nakatani'Y. A complex
with chromatin modifiers that occupies E2F- and Myc-responsive genes
in GO cells. Science. 2002;296:1132-6.

Akasaka T, Takahashi N, Suzuki M, Koseki H, Bodmer R, Koga H. MBLR, a
new RING finger protein resembling mammalian Polycomb gene prod-
ucts, is regulated by cell cycle-dependent phosphorylation. Genes Cells.
2002;7:835-50.

Huang X, Wei C, Li F, Jia L, Zeng P, Li J, Tan J, Sun T, Jiang S, Wang J, Tang X,
Zhao Q, Liu B, Rong L, Li C, Ding J. PCGF6 regulates stem cell pluripotency
as a transcription activator via super-enhancer dependent chromatin
interactions. Protein Cell. 2019;10:709-25.

. Lee MG, Norman J, Shilatifard A, Shiekhattar R. Physical and functional

association of a trimethyl H3K4 demethylase and Ring6a/MBLR, a
polycomb-like protein. Cell. 2007;128:877-87.

Liu X, Wei W, Li X, Shen P, Ju D, Wang Z, Zhang R, Yang F, Chen C, Cao K,
Zhu G, Chen H, Chen L, Sui J, Zhang E, Wu K, Wang F, Zhao L, Xi R. BMI1
and MEL18 promote colitis-associated cancer in mice via REG3B and
STAT3. Gastroenterology. 2017;153:1607-20.

Bossone SA, Asselin C, Patel AJ, Marcu KB. MAZ, a zinc finger protein,
binds to c-MYC and C2 gene sequences regulating transcriptional initia-
tion and termination. Proc Natl Acad Sci USA. 1992;89:7452-6.
DesJardins E, Hay N. Repeated CT elements bound by zinc finger proteins
control the absolute and relative activities of the two principal human
c-myc promoters. Mol Cell Biol. 1993;13:5710-24.

Yang Q, Lang C, Wu Z, Dai Y, He S, Guo W, Huang S, Du H, Ren D, Peng X.
MAZ promotes prostate cancer bone metastasis through transcriptionally
activating the KRas-dependent RalGEFs pathway. J Exp Clin Cancer Res.
2019;38:391.

Smits M, Wurdinger T, van het Hof B, Drexhage JA, Geerts D, Wesseling P,
Noske DP, Vandertop WP, de Vries HE, Reijerkerk A. Myc-associated zinc
finger protein (MAZ) is regulated by miR-125b and mediates VEGF-
induced angiogenesis in glioblastoma. FASEB J. 2012,26:2639-47.

Lew A, Rutter WJ, Kennedy GC. Unusual DNA structure of the diabetes
susceptibility locus IDDM2 and its effect on transcription by the insulin
promoter factor Pur-1/MAZ. Proc Natl Acad Sci USA. 2000,97:12508-12.
Parks CL, Shenk T. The serotonin 1a receptor gene contains a TATA-less
promoter that responds to MAZ and Sp1. J Biol Chem. 1996,271:4417-30.
Lee WP, Lan KH, Li CP, Chao Y, Lin HC, Lee SD. Akt phosphorylates
myc-associated zinc finger protein (MAZ), releases P-MAZ from the p53
promoter, and activates p53 transcription. Cancer Lett. 2016;375:9-19.
Song J, Ugai H, Nakata-Tsutsui H, Kishikawa S, Suzuki E, Murata T,
Yokoyama KK. Transcriptional regulation by zinc-finger proteins Sp1 and
MAZ involves interactions with the same cis-elements. Int J Mol Med.
2003;11:547-53.

Yao J, Lei PJ, Li QL, Chen J, Tang SB, Xiao Q, Lin X, Wang X, Li LY, Wu M.
GLIS2 promotes colorectal cancer through repressing enhancer activa-
tion. Oncogenesis. 2020,9:57.

Maity G, Haque I, Ghosh A, Dhar G, Gupta V, Sarkar S, Azeem |, McGregor
D, Choudhary A, Campbell DR, Kambhampati S, Banerjee SK, Banerjee S.
The MAZ transcription factor is a downstream target of the oncoprotein
Cyr61/CCN1 and promotes pancreatic cancer cell invasion via CRAF-ERK
signaling. J Biol Chem. 2018;293:4334-49.

Yu ZH, Lun SM, He R, Tian HP, Huang HJ, Wang QS, Li XQ, Feng YM.

Dual function of MAZ mediated by FOXF2 in basal-like breast cancer:
Promotion of proliferation and suppression of progression. Cancer Lett.
2017;402:142-52.

Ren LX, Qi JC, Zhao AN, Shi B, Zhang H, Wang DD, Yang Z. Myc-associated
zinc-finger protein promotes clear cell renal cell carcinoma progression
through transcriptional activation of the MAP2K2-dependent ERK path-
way. Cancer Cell Int. 2021,21:323.

Yang Z, Chen JS, Wen JK, Gao HT, Zheng B, Qu CB, Liu KL, Zhang ML, Gu
JF, Li JD, Zhang YP, Li W, Wang XL, Zhang Y. Silencing of miR-193a-5p
increases the chemosensitivity of prostate cancer cells to docetaxel. J Exp
Clin Cancer Res. 2017;36:178.

Zhang YP, Liu KL, Wang YX, Yang Z, Han ZW, Lu BS, Qi JC, Yin YW, Teng
ZH, Chang XL, Li JD, Xin H, Li W. Down-regulated RBMS5 inhibits bladder
cancer cell apoptosis by initiating an miR-432-5p/beta-catenin feedback
loop. FASEB J. 2019;33:10973-85.

Page 14 of 14

27. Yang Z, Qu CB, Zhang Y, Zhang WF, Wang DD, Gao CC, Ma L, Chen JS, Liu
KL, Zheng B, Zhang XH, Zhang ML, Wang XL, Wen JK, Li W. Dysregulation
of p53-RBM25-mediated circAMOTL1L biogenesis contributes to prostate
cancer progression through the circAMOTL1L-miR-193a-5p-Pcdha path-
way. Oncogene. 2019;38:2516-32.

28. QiJC Yang Z LinT, Ma L, Wang YX, Zhang Y, Gao CC, Liu KL, Li W, Zhao
AN, Shi B, Zhang H, Wang DD, Wang XL, Wen JK, Qu CB. CDK13 upregula-
tion-induced formation of the positive feedback loop among circCDK13,
miR-212-5p/miR-449a and E2F5 contributes to prostate carcinogenesis. J
Exp Clin Cancer Res. 2021;40:2.

29. Lan X, Ding S, Zhang T, YiY, Li C, Jin W, Chen J, Liang K, Wang H, Jiang W.
PCGF6 controls neuroectoderm specification of human pluripotent stem
cells by activating SOX2 expression. Nat Commun. 2022;13:4601.

30. Endoh M, Endo TA, Shinga J, Hayashi K, Farcas A, Ma KW, Ito S, Sharif J,
Endoh T, Onaga N, Nakayama M, Ishikura T, Masui O, Kessler BM, Suda T,
Ohara O, Okuda A, Klose R, Koseki H. PCGF6-PRC1 suppresses premature
differentiation of mouse embryonic stem cells by regulating germ cell-
related genes. Elife. 2017,6:1.

31. Lee JH, Zhao XM, Yoon |, Lee JY, Kwon NH, Wang YY, Lee KM, Lee MJ, Kim
J,Moon HG, In'Y, Hao JK, Park KM, Noh DY, Han W, Kim S. Integrative analy-
sis of mutational and transcriptional profiles reveals driver mutations of
metastatic breast cancers. Cell Discov. 2016;2:16025.

32. Deckers|A, van Engeland M, van den Brandt PA, Van Neste L, Soetekouw
PM, Aarts MJ, Baldewijns MM, Keszei AP, Schouten LJ. Promoter CpG
island methylation in ion transport mechanisms and associated dietary
intakes jointly influence the risk of clear-cell renal cell cancer. Int J Epide-
miol. 2017,46:622-31.

33. LinYL, Gui SL, Guo H, Ma JG, Li WP. Protocadherin17 promoter methyla-
tion is a potential predictive biomarker in clear cell renal cell carcinoma.
Med Sci Monit. 2015;21:2870-6.

34. Deckers IA, Schouten LJ, Van Neste L, van Vliodrop 1J, Soetekouw PM,
Baldewijns MM, Jeschke J, Ahuja N, Herman JG, van den Brandt PA,
van Engeland M. Promoter methylation of CDO1 identifies clear-cell
renal cell cancer patients with poor survival outcome. Clin Cancer Res.
2015;21:3492-500.

35. Goel S, DeCristo MJ, McAllister SS, Zhao JJ. CDK4/6 inhibition in cancer:
beyond cell cycle arrest. Trends Cell Biol. 2018;28:911-25.

36. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011;144:646-74.

37. Gao X, Leone GW, Wang H. Cyclin D-CDK4/6 functions in cancer. Adv
Cancer Res. 2020;148:147-69.

38. Matsuura |, Denissova NG, Wang G, He D, Long J, Liu F. Cyclin-depend-
ent kinases regulate the antiproliferative function of Smads. Nature.
2004;430:226-31.

39. Sherr CJ, Beach D, Shapiro Gl. Targeting CDK4 and CDKeé: from discovery
to therapy. Cancer Discov. 2016;6:353-67.

40. Zhang H,Wang J, Li J, Zhou X, Yin L, Wang Y, Gu Y, Niu X, Yang Y, Ji H,
Zhang Q. HMGB is a key factor for tamoxifen resistance and has the
potential to predict the efficacy of CDK4/6 inhibitors in breast cancer.
Cancer Sci. 2021;112:1603-13.

41. Chen D, Sun X, Zhang X, Cao J. Inhibition of the CDK4/6-Cyclin D-Rb
pathway by ribociclib augments chemotherapy and immunotherapy in
renal cell carcinoma. Biomed Res Int. 2020,2020:9525207.

42. Ray A, Ray BK. Induction of Ras by SAF-1/MAZ through a feed-
forward loop promotes angiogenesis in breast cancer. Cancer Med.
2015;4:224-34.

43. Jiao L, LiY,Shen D, Xu C,Wang L, Huang G, Chen L, Yang Y, Yang C, Yu
Y, Sun Y. The prostate cancer-up-regulated Myc-associated zinc-finger
protein (MAZ) modulates proliferation and metastasis through reciprocal
regulation of androgen receptor. Med Oncol. 2013;30:570.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	PCGF6MAXKDM5D facilitates MAZCDK4 axis expression and pRCC progression by hypomethylation of the DNA promoter
	Abstract 
	Introduction
	Materials and methods
	Tumor samples
	Cell line, transfection, and vector construction
	Total RNA extraction and RT-qPCR
	Western blot analysis
	DNA methylation detection
	Immunohistochemistry
	Morphometry and histology
	Cell viability assay
	Colony formation assay
	Chromatin immunoprecipitation assay
	Co-immunoprecipitation assay
	Xenograft animal model
	Statistical analysis

	Results
	PCGF6 expression increases in pRCC and correlated with poor prognosis
	PCGF6 facilitates cell proliferation in pRCC​
	MAZ expression was upregulated in pRCC and was positively correlated with PCGF6 expression
	MAZ mediated PCGF6-regulated pRCC cells proliferation
	PCGF6 interacts with MAXKDM5D and promotes MAZ promoter hypomethylation
	CDK4 is involves in MAZ-regulated pRCC progression
	Disruption of PCGF6MAZCDK4 axis inhibits pRCC xenograft progress in vivo

	Discussion
	Anchor 27
	Acknowledgements
	References


