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accumulation of serum polyglutamylated DNAJC7 protein: A
potential biomarker for renal cell carcinoma early detection
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ABSTRACT

Renal cell carcinoma (RCC) is frequently diagnosed at advanced stages of
disease, although early diagnosis has much favorable prognosis. This study assessed
aberrant expression of cytosolic carboxypeptidase 6 (CCP6) leading to accumulation
of serum polyglutamylated DNAJC7 as a biomarker for early RCC detection. A total
of 835 RCCs, 143 chronic nephritis, 170 kidney stones and 415 health controls were
collected for qRT-PCR, immunohistochemistry and Western blot analysis of CCP6
expression and mass spectrometry of DNAJC7 and polyglutamylated DNAJC?7. The data
showed that CCP6 expression was significantly decreased in 30 RCC tissues and that
mass spectrometric and pull-down analysis identified DNAJC7 as a substrate of CCP6
and showed upregulated polyglutamylated-DNAJC?7 (polyE-DNAJC7) in sera of RCC
patients. The electrochemiluminescence immunoassay of large-scale serum samples
from multi-institutes further confirmed the remarkable increase of polyE-DNAJC7 in
805 RCCs compared to that of 385 healthy controls (p < 0.001), 128 patients with
chronic nephritis (p < 0.001), and 153 with kidney stone (p < 0.001). Serum level of
DNAJC7-polyE protein was also associated with advanced RCC stage and grade in 805
patients. The data from the current study for the first time demonstrated increased
serum polyglutamylated DNAJC?7 as a potential biomarker for RCC early detection and
association with advanced tumor stages and grade, which provides support of further
polyglutamylation research in RCC.

INTRODUCTION 3% of all cancer cases in the world [1, 2]. Clinically, RCC is
often asymptomatic at early stage and clinical manifestations

Renal cell carcinoma (RCC) originates from the lining of pain, mass, and hematuria indicate an advanced or

of the proximal convoluted tubule and is the most common metastatic disease; thus, RCC is usually diagnosed at an
subtype of kidney cancer in adults. RCC accounts for advanced stage [3]. To date, early RCC diagnosis followed
approximately 90%—95% of kidney cancer cases and almost by nephrectomy is associated with favorable prognosis
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(5-year survival rate ~85%) [4], whereas survival of patients
with metastatic RCC is generally poor (5-year survival rate
~10%) [4]. Thus, early detection of RCC, like most of other
human cancers, is still the key to improve survival of RCC
patients. Serum biomarker is one of biomarkers frequently
investigated in our research community, which is less
invasive, inexpensive, and convenient and readily applicable
compared to renal biopsy or CT or ultrasound images. For
example, several serum biomarkers have been evaluated for
early detection of RCC, including miRNAs [5] and altered
serum protein profiles [4, 6].

In this study, we evaluated protein polyglutamylation
as a biomarker in early detection of RCC. Polyglutamylation
is a posttranslational modification of proteins that adds
glutamate side chains to proteins by tubulin tyrosine ligase-
like (TTLL) enzymes [7, 8] and is deglutamylated by
cytosolic carboxypeptidases (CCPs) [9]. Overexpression
of TTLLs lead to accumulation of polyglutamylated-
proteins, which have been recognized as critical mediator
of tumorigenesis and cancer progression [10]. Altered
expression of these enzymes and/or polyglutamylated-
proteins contribute to cell cycle progression [11] and
resistance to chemotherapy [12]. For example, a previous
study showed that overexpression of TTLL4 involved
in PELP1 polyglutamylation in pancreatic ductal
adenocarcinoma [13]. Furthermore, DNAJ proteins belongs
to the heat shock protein (HSP) 40 family and HSP40/
DNAJ co-chaperones constitute the largest and most
diverse sub-group of the heat shock protein (HSP) family
[14, 15]. To date, 49 members in human DNAJ family
were discovered and can be divided into three subclasses,
DNAJA (type 1), DNAJB (type II), and DNAJC (type III).
The families are widely considered as regulators of HSP70
and HSP90 function [15] and the latters have been reported
as key factors in cancer development and considered as
targets for development of anti-cancer drugs [16, 17]. For
example, DNAJBS8 was shown to be a novel target of cancer
stem-like cell/ cancer-initiating cell (CSC/CIC)-targeting
immunotherapy of colon cancer|[18]. In previous study, we
demonstrated that CCP6 was required for megakaryopoiesis
and CCP6-deficiency leading to Mad2 polyglutamylation
played a crucial role in regulation of megakaryopoiesis
[19]. Thus, in this study, we assessed aberrant expression
of cytosolic carboxypeptidase 6 (CCP6) leading to
accumulation of DNAJC7 polyglutamylation as a serum
marker for early RCC detection in tissue or serum samples
from a total of 835 RCCs, 143 chronic nephritis, 170 kidney
stones, and 415 health controls.

RERULTS

Decrease in CCP6 expression in RCC tissues

In this study, we first assessed expression level
of CCP6 mRNA and protein in 30 pairs of RCC and
pericancerous tissues (Table 1) and found that expression

of CCP6 mRNA and protein was significantly down
regulated in RCC tissues (Figure 1 and Figure S1),
P <0.01. CCP6 protein was expressed in the cytoplasm
of pericancerous tissues but low expressed in RCC tissues
(Figure 1C).

We further explored the expression pattern of CCP6
in different tumor samples from TCGA database (The
Cancer Genome Atlas, https://genome-cancer.ucsc.edu,
2/10/2016). Results in Figure S2 indicated that mRNA of
CCP6 was reduced in kidney renal cell carcinoma (KIRC)
compared with control samples (P < 0.01), which was
consistant with our results.

DNAJC7, a novel substrate for CCP6 and
polyglutamylated in RCC sera

As a family of cytosolic carboxypeptidases, CCP6
removes the C-terminal tyrosine from substrate and
deficiency of CCP6 level leads to a hyperglutamylation of
the targeting protein [19]. Reduced or lost CCP6 expression
could play a role in RCC development and progression;
thus, we first identified CCP6 substrates in RCC tissues.
CCP6-mut was immobilized to the Affi-gel10 resin and
mixed with serum samples from three RCC patients,
respectively. Mass spectrometry showed a consistent result
that DNAJC7 was a novel candidate substrate for CCP6.
(Table S1). We further analyzed lysates of kidney from
CCP6-deficient mice and control mice by immunoblotting
using a glutamylation-specific antibody GT335, since
GT335 can recognize all glutamylation forms of a protein
to detect levels of DNAJC7 polyglutamylation [19, 20].
Two blot bands around 55 kDa and 30 kDa appeared in
the lanes of CCP6-deficient kidney lysates (Figure 2A),
while the band around 55 kDa could not be detected in
the control kidney lysates. These observations suggest the
band around 55 kDa may be potential candidate substrate
for CCP6. We further generated an enzymatically inactive
CCP6-mut with H230S and E233Q mutations in 293T cells
as reported previously [9] to identify the candidate substrate
of CCP6. CCP6-wt and CCP6-mut were immobilized with
Affi-gell10 resin to go through kidney lysates from both
groups for affinity chromatography. The eluted fractions
were visualized by SDS-PAGE followed by silver staining.
Band around 55 kDa was appeared in the CCP6-mut gel
and was DNAJC7 (58 kDa, Figure 2B), a novel candidate
substrate for CCP6. The association of CCP6 and DNAJC7
was verified in CCP6-mut and DNAJC?7 cotransfected 293T
cells by a co-immunoprecipitation assay (data not shown).
The glutamylated rtGST-DNAJC7 could pull down Myc-
tagged CCP6 protein with CCP6-mut protein possessed of
a stronger bound density (Figure 2C and 2D). These data
indicate that DNAJC?7 is the novel substrate of CCP6 in
RCC tissues.

Furthermore, we assessed level of DNAJC7 mRNA
in these 30 pairs of RCC cancer vs. pericancerous tissues
(Table 1) using qRT-PCR and found no significant difference
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Table 1: Clinical characteristics of patients for ECLIA analysis

Test cohort

Validation cohort

Patients’
information RCC Chrm.li.c Kidney Health RCC Chrm.li.c Kidney Health
nephritis stone control nephritis stone control
Age (years)
<60 14 7 11 16 368 61 91 206
> 60 16 8 6 14 437 67 62 179
Gender
Male 20 10 10 19 525 83 97 247
Female 10 5 7 11 280 45 56 138
TNM stage
I 18 511
11 6 199
11 4 68
v 2 27
Grade stage
1 10 236
2 12 351
3 8 218

The 30 RCC serum samples in test cohort were collected from the same patients in tissue collection part.

in DNAJC7 mRNA level between case and control
(P> 0.05, Figure S3). However, immunoprecipitation data
showed that level of polyglutamylated-DNAJC7 protein
was obviously high in RCC cancer vs. pericancerous
tissues (Figure S4A) and in serum samples of RCC
patients vs. healthy controls (Figure 2E and Figure S4B).
The samples were first immunoprecipitated with an anti-
DNAJC7 antibody followed by immunoblotting with the
GT335 antibody. The results showed that sera from healthy
controls showed almost no glutamylation bands, whereas
the GT335 antibody detected a significant glutamylation
signal in RCC sera (Figure 2E and Figure S4B), indicating
that polyglutamylated form of DNAJC7 protein in
RCC sera.

Confirmation of serum polyglutamylated
DNAJCT7 protein as a biomarker for RCC

To confirm serum polyglutamylated DNAJC7
protein as a biomarker for RCC, we designed an
electrochemiluminescence immunoassay (ECLIA) with
the GT335 antibody to detect polyglutamylated DNAJC7

protein in different serum samples (Figure S5). We first
assessed polyglutamylated-DNAJC7 protein using this
ECLIA in sera from these 30 RCC patients, 15 chronic
nephritis, 17 kidney stone patients and 30 health controls
as a test cohort. After that, we obtained a large-scale cohort
of serum samples from multicenter, including 805 RCC,
128 chronic nephritis, 153 kidney stone patients, and 385
health controls for further validation cohort (Figure 3 and
Table 1). The average of relative light units (RLU) of
polyglutamylated DNAJC7 protein was 17309 + 10450 in
30 RCC sera of the test cohort and 15969 + 8852 in 805
RCC sera of the validation cohort, significantly higher
(P <0.001) than that of chronic nephritis sera (2270 + 541
in 15 cases of the test cohort and 2205 + 469 in 128 cases
of the validation cohort), kidney stone sera (2339 + 1145 in
17 cases of the test cohort and 2169 + 967 in 153 cases of
the validation cohort), and health control sera (2229 + 884
in 30 cases of the test cohort and 2086 + 941 in 385 cases of
the validation cohort; Figure 4A and 4C).

Furthermore, since more than half of RCC sera were
from RCC patients with an early stage (TNM 1, 18/30 in
30 cases from test cohort and 511/805 in 805 cases from
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validation cohort), we further observed that the RLU of
serum polyglutamylated DNAJC7 protein was 14437
+ 9642 and 13396 + 6680 in these test and validation
cohorts of patients with only early stage RCC. ROC analysis
indicating that the data could well separate RCC from
the early stage RCC and non-tumor controls with 83.3%
sensitivity and 91.9% specificity in the test cohort and 94.3%
sensitivity and 99.1% specificity in the validation cohort;
the cutoff criterion of RLU was 3642-4062 of these two
cohorts of RCC samples (Figure 4B and 4D and Table 2).
These demonstrated a potential of polyglutamylated DNAJC7
protein as a serum biomarker for early detection of RCC.

A

Association of polyglutamylated DNAJC7
protein with clinicopathological data from
RCC patients

After that, we associated serum level of
polyglutamylated-DNAJC7 protein with clinicopathological
data from RCC patients in validation cohort and found that
serum level of polyglutamylated DNAJC7 protein was
associated with RCC TNM stages and grades (Figure 4E
and 4G and Table 1). ROC curves showed a sensitivity
= 86.3, specificity = 65.5, AUC = 0.809 between III-
IV and I-II RCC patients (Figure 4E and Table 2) and a
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Figure 1: Downregulated CCP6 expression in RCC tissues. (A) RT-PCR. Expression of CCP6 and p-actin mRNA was measured
using RT-PCR in RCC cancer tissues (CT) and pericancerous tissues (PT). **P < 0.01. (B) Western blot analysis of CCP6 protein (58 kD)
and fB-actin (43 kD) expression in RCC cancer tissues (CT) and pericancerous tissues (PT). The graph is the density comparison of CCP6
protein expression (CCP6/B-actin) of RCC cancer tissues vs. pericancerous tissues. **P < 0.01. (C) Immunohistochemical staining of
CCP6 expression in RCC cancer tissues and pericancerous tissues. (x200).
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Figure 2: Glutamylated GST-DNAJC7 protein binding to CCP6 protein in RCC tissues and sera. (A) Protein
polyglutamylation was analyzed by immunoblotting with the GT335 antibody. Protein lysates from CCP6-deficient and the control mouse
kidneys were analyzed. (B) CCP6-wt and CCP6-mut were immobilized with Affi-gel10 resin to go through kidney lysates for affinity
chromatography. The eluted fractions were visualized by SDS-PAGE followed by silver staining. (C) Immunoprecipitation assay. The
pull-down assays using GST-DNAJC7 incubated with the lysates from Myc-tagged CCP6-wt and Myc-tagged CCP6-mut 293T cells. Data
were repeated for three times. (D) The pull-down/input ratios of CCP6 protein density in CCP6-wt and CCP6-mut 293 T cells. **P < 0.01.
(E) Immunoprecipitation-Western blot. DNAJC7 protein with a glutamylated modification status in RCC sera. Immunoblotting analysis of
GT335 signal in sera from RCC patients and health controls was immunoprecipitated with the anti-DNAJC7 antibody.
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sensitivity = 57.8, specificity = 84.7, AUC = 0.741 between
Grade 3 (poorly-differentiated) and Grade 1-2 (well and
moderately-differentiated) RCCs (Figure 4H and Table 2),
ROC analysis between other groups were also summarized
in Table 2 and Figure S6.

DISCUSSION

To date, there is still a great challenge in clinic to
early diagnose renal cell carcinoma due to lack of effective
methods to distinguish malignant tumors from benign
kidney masses [21]. Although CT, MRI, or ultrasound
images did have made a significant progress in recent
decades in diagnosis of RCC, accuracy is still limited.
Renal biopsy could improve the accuracy in certain degree,
but it is an invasive procedure that always accompanied
by different side effects. Recently, researchers focused
on molecular biomarkers to detect RCC early or even for
prediction of therapeutic effect [22, 23]. For example,
detection of downregulated pro-apoptotic gene ASC/TMS1
in RCC cell lines and tissues could serve as a biomarker
because it functions as a tumor suppressor in human cells.
Detection of ASC/TMS1 methylation was also used as a
biomarker for diagnostic and treatment responses in RCC
[24]. In the current study, we assessed and identified the

elevated level of serum polyglutamylated DNAJC7 protein
as a biomarker for early RCC detection, especially in
TNM stage I RCCs with > 80% sensitivity and specificity
discriminating from non-malignant samples. Thus, our
study provided us a perspective to utilize increased level of
serum polyglutamylated DNAJC?7 as a biomarker for RCC
screening after a further validation using another cohort of
serum samples.

In this study, we performed mass spectrometry
and the pull-down analysis to identify the interaction
between CCP6 and DNAJC7 (Table S1 and Figure S2).
CCP6 was reported to be a cytosolic carboxypeptidase
that catalyzes the removal of polyglutamate chains of
its substrate [9] and the GT335 antibody specifically
recognizes the branching point of glutamate side chains
and can detect all glutamylated forms of the target proteins.
Our Western blot using this glutamylation-specific antibody
GT335 can detect levels of DNAJC7 polyglutamylation
[19, 20], indicating that CCP6 was able to de-glutamylate
DNAIJC7 protein. It is true that a direct biochemical
experiment could directly confirm the CCP6 enzymatic
reaction to de-glutamylate DNAJC7 protein. As a type of
posttranslational modification, polyglutamylation has been
initially identified on a- and B-tubulin [25, 26], followed
on other proteins [27-29]. However, it is just emerging in
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17 history of other solid tumors
12 duplicate samples

I
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the First Hospital of Jilin' University.
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Figure 3: Consort diagram of the experimental design.
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Figure 4: Serum concentration (RLU) and ROC analysis of polyglutamylated-DNAJC?7 protein. (A) Concentration (RLU)
of serum polyglutamylated DNAJC7 protein in chronic nephritis, kidney stone patients, health controls, early stage (I) RCC and all RCC
patients in the test cohort. (B) ROC analysis of polyglutamylated DNAJC7 protein as a discriminative biomarker between early stage (I)
RCC and non-tumor samples (chronic nephritis & kidney stone patients & health controls) in the cohort. (C) Concentration (RLU) of serum
polyglutamylated DNAJC7 protein in chronic nephritis, kidney stone patients, health controls, early stage (I) RCC and all RCC patients
in validation cohort. (D) ROC analysis of polyglutamylated DNAJC?7 protein as a discriminative biomarker between early stage (I) RCC
patients and non-tumor samples (chronic nephritis & kidney stone patients & health controls) in validation cohort. (E) Concentration (RLU)
of serum polyglutamylated DNAJC7 protein in different stages of RCC patients in validation cohort. (F) ROC analysis of polyglutamylated
DNAJCT7 protein as a discriminative biomarker between III-IV RCC and I-II RCC patients in validation cohort. (G) Concentration (RLU)
of serum polyglutamylated DNAJC7 protein in different grades of RCC patients in validation cohort. (H) ROC analysis of polyglutamylated
DNAJCT7 protein as a discriminative biomarker between Grade3 and Gradel-2 RCC patients in validation cohort.
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Table 2: Summary of the ROC analysis of polyglutamylated-DNAJC7 as discrimative biomarkers
between different groups in the two sets of samples

P-value
Sensitivity  Specificity AUC - PPV NPV _
Groups (%) (%) (95%CT) Criterion (%) (%) PLR NLR (Aorg
RCC vs. 0963
CN, 83.3 100.0 © 902’70 991) 4200 100.0 | 92.5 — 0.167 | <0.0001
KS & HC ’ ’
Test
cohort carly stage
RCC vs. 0.939
CN, 83.3 91.9 (0.862-0.980) 3642 75.0 95.0 10.284 | 0.182 | <0.0001
KS & HC
RCC vs. 0.980
CN, 94.8 99.4 © 971'_0 986) 4122 99.5 94.1 | 158.000 [ 0.052 | <0.0001
KS & HC ' ’
early stage
RCC vs. 0.975
CN, 94.3 99.1 (0.965-0.983) 4062 98.8 95.8 | 104.778 | 0.058 | <0.0001
KS & HC
-1V vs 0.809
LI 86.3 65.5 (0.780-0.835) 16021 25.0 89.7 2.501 0.209 | <0.0001
Mvs. 1 34.7 92.6 0-614 24914 63.9 94.0 4.689 | 0.705 | <0.0001
’ ' ’ (0.577-0.650) ' ’ ’ ’ ’
Validation | -1V 0.860
cohont vs. 1 74.7 81.8 (0.829-0.886) 18484 43.0 94.6 4.104 | 0.309 | <0.0001
nr-1v 0.678
vs 11 87.4 52.8 (0.621-0.631) 15164 46.6 89.7 1.852 0.239 | <0.0001
Grade3 vs. 0.741
?_r;de 57.8 84.7 (0.709-0.771) 20773 58.1 84.4 3.778 0.498 | <0.0001
Grade? vs. 0.572
Gradel 54.1 58.5 (0.531-0.613) 11486 66.0 46.2 1.304 | 0.785 0.0028
Grade3 vs. 0.860
Gradel 58.3 88.6 (0.829-0.886) 18484 76.9 69.8 5.114 0.471 | <0.0001
Grade3 vs. 0.723
Grade2 61.0 78.9 (0.684-0.760) 20773 66.3 75.8 2.891 0.494 | <0.0001

AUC: Area Under Curves; PPV: Positive Predictive Value; NPV: Negative Predictive Value; PLR: Positive Likelihood Ratio;
NLR: Negative Likelihood Ratio.

recent years for such a concept of polyglutamylation of
protein in tumorigenesis and cancer progression [28]. In
the current study, we utilized the ECLIA to assess serum
level of polyglutamylated DNAJC7 protein in RCC sera
vs. those from healthy controls, benign kidney diseases
and found astonish data, i.e., while there was almost no
polyglutamylated modification in sera of health controls
and non-tumor kidney diseases, RCC sera showed dramatic
upregulation of polyglutamylated DNAJC7 protein.
Furthermore, the ECLIA is a modified ELISA and in
the current study, we utilized a biotin-conjugated polyE-
antibody as a detection antibody, which ensures that only

DNAJCT protein with polyglutamylated modification could
be detected. This provided us a novel idea and method
for polyglutamylation research in future study. Indeed,
polyglutamylation of a protein causes conformational shifts
of amino acids and therefore, could alter protein functions.

DNAIJC7 is the member of heat shock protein
40 family, which characterized by 34 repeat domain in two
n-Terminal and DNAJ domain in c-Terminal. This protein
play a role of molecular chaperones by regulated heat shock
protein 70 and 90 through an ATP-dependent manner [30].
A previous study demonstrated that DNAJC7 participates
in the p53/MDM2-negative feedback pathway, dissociating
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MDM2 and p53 by inhibiting the formation of pS3/MDM?2
complex to improve the stability and activity of p53 protein;
thus plays a role in inhibition of human carcinogenesis [31];
thus, polyglutamylated DNAJC7 would lose its function in
regulation of p53 stability and activity and subsequently,
RCC will occur. However, it is totally true that in the
field of current cancer research, we still face a dilemma in
understanding the molecular pathogenesis of RCC, like in
most of human cancers. However, we do know that only
in an exceptional case, alteration or mutation of one gene
may not be sufficient to cause a cancer, but a gene pathway
or subsequent cascades of gene alterations could play an
important role in cancer development. We therefore, can’t
overemphasize the importance of CCP6 and DNACJ7 in
RCC development. As a biomarker study, we just speculate
that they may be useful in RCC early detection and further
confirmation is also needed.

In summary, our current data demonstrated that
elevated serum level of polyglutamylated DNAJC7
protein could be a useful biomarker in early detection of
RCC, reduced expression of CCP6 could be responsible
for accumulation of polyglutamylated DNAJC7 protein
in RCC sera. Our current data also provided us a novel
concept to understand the importance of polyglutamylation
and deglutamylation in RCC development that could open
an exciting field for cancer research.

MATERIALS AND METHODS

Clinical samples

Samples of 30 paired RCC and pericancerous
tissues and sera samples, 15 serum samples of chronic
nephritis, 17 serum samples of kidney stone and 30 serum
samples from healthy controls (during their routine health
examination) were collected from the First Hospital of Jilin
University between March and October of 2013 for the test
cohort. We also collected serum samples of 805 RCC, 128
chronic nephritis, and 153 kidney stone patients and 385
health controls (during their routine health examination)
from the First Hospital of Jilin University, the Second
Affiliated Hospital of Kunming Medical University and
the Second People’s Hospital of Shenzhen between March
2013 and December 2014 for further validation cohort.
All renal cell carcinoma samples we choose in this study
are clear cell carcinoma, and patients with RCC were
confirmed by pathology and clinicopathological stage
and grade were classified according to World Health
Organization (WHO) criteria. Tissue samples were taken
from surgery and stored in liquid nitrogen within 10 min
after resection. Serum samples were centrifuged from
blood and stored at —80°C until ECLIA test. This study
was approved by the ethics review committee of each
hospital and all participants were consented and signed
a written informed consent form. All data analyses were
anonymous without individual identification.

Cell culture and vector construction

Human embryonic kidney 293T cell line was
purchased from American Type Culture Collection (ATCC,
Manassas, VA, USA) and cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Invitrogen, Carlsbad, CA, US)
supplemented with 10% fetal bovine serum (Invitrogen)
and 100 U/ml penicillin and 100 pg/ml streptomycin
in a humidified incubator with 5% CO, at 37°C. Human
CCP6 cDNA was cloned into pCDNA4-Myc expression
vector (Invitrogen) and CCP6-H230S/E233Q mutant was
generated by using a site-directed mutagenesis method of
Dpnl digestion according to a previous study [9]. CCP6-wt
and CCP6-mut cDNAs were subcloned into MBP-3C vector
and purified using Amylose resin (New England BioLabs,
Ipswich, MA, USA) according to the manufacturer’s
instructions. The Lipofectamine (Invitrogen) was utilized
for gene transfection according to the manufacturer’s
protocol.

qRT-PCR

Total RNA from tissue and blood samples was
isolated using an RNA miniprep kit (LC Sciences, Houston,
TX, USA) following the manufacturer’s protocol and
further reversely transcribed into cDNA with the M-MLV
reverse transcriptase (Promega, Madison, WI, US). These
cDNA samples were then subjected to qPCR amplification
using the ABI 7300 qPCR system with primer sequences
of B-actin  (5'-GTCACCAACTGGGACGACAT-3'
and 5-AGGGATAGCACAGCCTGGAT-3', 200 bp),

CCP6  (5'-CGCTTCCGAGTCTGGTTCAA-3" and
5'-CCATAGGGGCCATCCCATCT-3’, 157 bp), or
DNAIJC7 (5-GGTAATCGAGCAGCCACCTT-3" and

5'-CTCTCTGGAAGCTGCGACAT-3',169 bp) according to
a previous study [18]. The quantitation of mRNA level was
to normalize to B-actin mRNA level using a comparative
Ct method (2724, ACt = Ct Cty i AACt=ACt
—ACt

normal) :

target

Western blotting

Approximately 1 mm® of each tissue samples
were retrieved from liquid nitrogen and grinded and
homogenized in a cell lysis buffer (Beyotime, Beijing,
China) and then centrifuged at 10000 rpm for 30 min 4°C
to remove cell debris. A Bradford protein assay kit (Bio-
Rad, Hercules, CA, US) was used to quantify the protein
concentration and sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was to separated proteins
in 12% SDS-PAGE gel and transferred onto PVDF
membranes (Beyotime, Beijing, China). After 2 h 5% milk
blocking, the PVDF membranes were incubated with an
anti-CCP6 (Santa Cruz Biotechnology, Santa Cruz, CA,
US) or anti-B-actin antibody (Sigma-Aldrich, St Louis, MO,
USA) at 4°C overnight. On the next day, the membranes
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were further incubated with a goat anti-Rat IgG (Santa Cruz
Biotechnology) for 2 h at the room temperature and then
incubated with a chemiluminescence (ECL; Beyotime)
kit to detect protein signals. The CCP6 protein density in
each sample was normalized to the level of B-actin. Data
and figures were analyzed with SPSS 18.0 software and
GraphPad Prism Version 5.0, differences between groups
were statistically evaluated by sample one-tailed Student’s
t-test, p value < 0.05.

Immunohistochemistry

RCC and pericancerous tissues were fixed in 4%
paraformaldehyde for 12—16 h and embedded into paraffin
and cut into 4 pm sections. For immunohistochemistry, the
sections were baked at 60°C for 30 min and deparaffinized
in xylene for 30 min, rehydrated in series of ethanol
solutions. The sections were then subjected to antigen
retrieval in the citric acid buffer in microwave and to H,0,
treatment for 30 min at the room temperature. After that,
the sections were incubated in phosphate buffered saline
(PBS) containing 5% porcine serum and then with a CCP6
antibody (Santa Cruz Biotechnology) at 4°C for overnight.
On the next day, the sections were washed three times with
PBS and further incubated with a secondary antibody for
30 min at the room temperature and then with a color
reagent diaminobenzidine (Bios, Beijing, China)
for visualizing of positive signal. All sections were
counterstained with Mayer’s hematoxylin and evaluated and
scored by two pathologists (without knowledge of any of
patients’ information), independently under a microscope.
Cells of all sections were observed at x200 magnification
and positively staining cells were identified.

Mass spectrometry identification of DNAJC7
protein

CCP6-mut was immobilized with Affi-gel10 resin
and then mixed with mouse basal membrane (BM) lysates
for affinity chromatography as described previously
[32]. The eluted fractions of affinity chromatography
samples were visualized by SDS-PAGE followed by
silver staining. Differential bands from SDS-PAGE gels
were digested with trypsin and then subjected to mass
spectrometry analyses with nano LC-ESILTQ MS/MS
(Thermo Scientific, Waltham, MA, USA).

Immunoprecipitation assay

Serum samples from RCC patients and controls were
incubated with the anti-DNAJC7 antibody (Santa Cruz
Biotechnology) and then immunoprecipitated with protein
A/G agarose beads and followed by immunoblotting with
the GT335 (anti-glutamylation) antibody [20] (AdipoGen,
San Diego, CA, USA).

Preparation of ECLIA plates and test

96-well Nunc-Immuno microtitre plates with
MaxiSorp surface (Nalge Nunc, Penfield, NY, USA) were
coated with 100 pl of 100 ng/ml solution of Anti-DNAJC7
antibody (Santa Cruz Biotechnology) in 50 mM carbonate
buffer pH 9.5 and then incubated at the room temperature
overnight. The plates were then washed and blocked
with PBS containing 1% bovine serum albumin and 1%
gelatin for 2 h at 37°C. For assessing serum samples using
these plates, the plates were washed three times with PBS
containing 0.05% Tween-20 (PBST). Subsequently, 50 pl of
serum samples, biotin-GT335 (10 ng/ml) and streptavidin-
HRP (1 ng/ml) were added to each well and incubated for
1 h at 37°C. After washing with PBST three times, the
plates were dried at the room temperate. 100 pl of freshly
prepared substrate solution was added to each well and
stirred. Chemiluminescence intensity was then measured
using a chemiluminescence apparatus (Hamamatsu, Japan).

Statistical analysis

ECLIA data were summarized as mean + SE and
statistically analyzed by using GraphPad Prism Version
5.0 and SPSS Statistics 21 software. Difference between
tumor and normal tissues were evaluated by the two-
tailed #-test and Mann-Whitney U test with p value < 0.05
was considered to be statistically significant. Med-Calc
statistical software was used to analyze Receiver Operating
Characteristic (ROC) curve and the sensitivity, specificity,
area under the curve (AUC) with 95% CI and criterion were
automatically calculated from the Med-Calc, p value <0.01
was considered to be statistically significant.
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