SCIENTIFIC REPLIRTS

Increased expression of Fibrinogen-
Like Protein 2 is associated with
poor prognosis In patients with
e clear cell renal cell carcinoma

Published online: 04 October 2017 . . . - P
ublished ontine ctober Ming Tang?, Xu Cao?, Peng Li%, Kun Zhang?, You Li!, Quan-you Zheng?, Gui-qing Li?, Jian

Chen?, Gui-lian Xu? & Ke-qin Zhang?

. Fibrinogen-like protein 2 (FGL2) is highly expressed in various tumour tissues and plays a vital role in

: tumour initiation and progression. This study evaluated the clinical significance of FGL2 in patients with
clear cell renal cell carcinoma (ccRCC). FGL2 expression in fresh and 170 archived paraffin-embedded
ccRCC tissues was measured by quantitative RT-PCR, western blotting, and immunohistochemitry.
FGL2 expression was significantly upregulated in ccRCC. Statistical analyses by using Kaplan-Meier
method showed that high FGL2 expression was associated with poor overall survival (OS) and
recurrence-free survival (RFS) of patients with ccRCC. Multivariate analyses indicated that FGL2 was
as an independent prognostic factor of survivaland that tumoural FGL2 levels could significantly
predict the prognosis of patients with early-stage ccRCC. Nomogram systems, which integrated

: FGL2 expression and other clinical parameters, were established and were found to be better than

. TNM staging in predicting the OS and RFS of patients with ccRCC. FGL2 silencing led to a significant

. reduction in cells viability and increase in cells apoptosis, accompanied with a reduced ERK1/2 and
p38 MAPK activation, in ccRCC cells. Thus, our results suggest that high FGL2 expression is a novel,
independent, and an adverse prognostic factor of clinical outcomes in patients with ccRCC.

Kidney cancer is the third most common urological cancer and accounts for approximately 3% of all adult malig-
nancies!. Renal cell carcinoma (RCC) is the most common renal tumour; it arises from the proximal tubular
epithelium and accounts for approximately 90-95% of all cases of renal tumours®. RCC is often asymptotic, and
approximately 30% patients with RCC are diagnosed at the metastatic stage because of the non-availability of
good prediction methods®. RCC comprises many histological subtypes; however, clear cell RCC (ccRCC), which
. accounts for 75-80% of all primary kidney malignancies, is the most common RCC subtype*. Recently, some
. predicting models have been investigated to evaluate the risk of ccRCC and TNM staging and Fuhrman grade
. are widely used systems®. Stage, size, grade, and necrosis (SSIGN) score and University of California Integrated
Staging System (UCISS) are also commonly used®. However, these systems cannot accurately predict the risk of
ccRCC. Therefore, it is important to identify a ccRCC marker for predicting the prognosis of patients with ccRCC.
: Fibrinogen-like protein 2 (FGL2; also called FGL2 prothrombinase), which was cloned from cytotoxic T lym-
: phocytes and showed 36% homology to fibrinogen (3 and ~ chains, is a member of fibrinogen family of proteins”®.
: FGL2 has prothrombinase activity and performs potent immunoregulatory functions during hepatitis, allograft
© rejection, and abortion”*!°. FGL2 expression is obviously upregulated in different cancers such as liver, colon,
. breast, and lung cancers’. A recent study reported that FGL2 promotes angiogenesis and tumorigenesis in pros-
. tate cancer through FGF-2/ERK signalling'!. Moreover, FGL2 promotes the growth and angiogenesis of human
- hepatocellular carcinoma (HCC) cells in mouse xenograft injected models'>"*. FGL2 activity increases in B-cell
. lymphomas but decreases after remission; moreover, detection of FGL2 activity in peripheral blood mononu-
. clear cells (PBMCs) could be a biomarker for B-cell lymphomas'%. However, limited studies have investigated
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Figure 1. FGL2 overexpression in ccRCC specimens. (A) FGL2 mRNA expression were determined by qRT-
PCR in 39 paired fresh tumoural tissues and peritumoural tissues, respectively. GAPDH was used as control.
Paired-samples t test, P < 0.05 was regarded as statistically significant. (B) The protein expression levels of FGL2
in 13 paired tumoural tissues and peritumoural tissues were evaluated by Western blotting assay. GAPDH was
used as a loading control. P = Peritumour; T = Tumour (The blots were cropped and full-length blots were
presented in Fig. S1).

the relationship between FGL2 expression and ccRCC development and no study has focused on the prognostic
function of FGL2 in patients with ccRCC after partial or total nephrectomy.

In the present study, we investigated the association of FGL2 expression with the clinicopathological features,
overall survival (OS), and recurrence-free survival (RFS) of patients with ccRCC and established novel nomo-
gram systems that integrated FGL2 expression and other clinical parameters to predict the OS and RFS of patients
with ccRCC. In addition, the possible mechanism of the role of FGL2 in ccRCC was further investigated in vitro
cell cultures.

Results

FGL2 overexpression in ccRCC specimens. FGL2 expression in ccRCC tissues was assessed by detecting
FGL2 mRNA expression in 39 paired fresh tumoural tissues and peritumoural tissues by performing qRT-PCR
and the basic information of patients were presented in Supplementary Table S1. FGL2 mRNA expression was
significantly higher in tumoural tissues than in peritumoural tissues (P < 0.001; Fig. 1A). FGL2 protein expres-
sion was measured by performing western blotting of tumoural and peritumoural tissues. Result of western blot-
ting was consistent with that of qRT-PCR (Fig. 1B). These results indicate that FGL2 expression is significantly
upregulated in fresh ccRCC tissues.

Immunohistochemical evaluation and association between FGL2 expression and clinico-
pathological parameters of patients with ccRCC. Next, we evaluated FGL2 expression pattern in
170 paraffin-embedded ccRCC tumour tissues and 40 peritumoural renal tissues by performing immunohis-
tochemical analysis. Inmunohistochemical analysis showed that FGL2 expression was mainly localized in the
membrane of ccRCC cells (Fig. 2A-F), and that staining index scores were different for different specimens
(Fig. 2G). However, no or weak FGL2 staining was observed in peritumoural tissues (Fig. 2A,B). According to
the FGL2 staining index score, 67 (39.4%) tumoural specimens and 103 (60.6%) tumoural specimens showed low
(Fig. 2C,D) and high (Fig. 2E,F) FGL2 expression, respectively.

Patients showing high FGL2 expression had significantly large tumours (P =0.002), high T classification
(P=0.002), and high TNM stage (P=0.003) (Table 1). No significant association was observed between FGL2
expression and other clinicopathological parameters such as patient age, gender, Fuhrman grade, necrosis, and
N classification.

Prognostic significance of FGL2 in patients with ccRCC.  Five-year OS and RES rates of 170 patients
with ccRCC were 75% and 67%, respectively (Fig. 3A,B). Kaplan-Meier analysis and log-rank test were used to
assess whether different FGL2 expression levels significantly predicted the clinical outcomes of patients with
ccRCC. Results of these analyses showed that patients with ccRCC who showed high FGL2 expression had sig-
nificantly poorer OS (log-rank test: P < 0.001) and RFS (log-rank test: P < 0.001) than patients showing low
FGL2 expression (Fig. 3C,D). To further evaluate the prognostic importance of FGL2 expression, we stratified
the patients according to their clinical TMN stage, which is the most commonly used method in clinical prac-
tice, and re-performed survival analysis. We found that high FGL2 expression was associated with significantly
poorer OS and RFS than low FGL2 expression in patients with early-stage ccRCC (TNM stage, I + II; log-rank
test, P < 0.001; Fig. 3E,F). However, no significant correlation was observed between FGL2 expression and OS
and RFS of patients with advanced-stage ccRCC (TNM stage, III 4 IV; log-rank test: P > 0.05) because of their
small sample size (Fig. S2A,B). These results indicate that FGL2 is a vital prognostic biomarker for patients with
ccRCC at least in the early stages of the disease. Univariate and multivariate analyses were performed to iden-
tify the correlation between FGL2 expression and postoperative survival. Univariate Cox regression analysis
showed that tumour size, T classification, TNM staging, necrosis, and high FGL2 expression were independent
predictors of OS (HR, 6.636; 95% CI, 2.579-17.080; P < 0.001; Table 2). Moreover, tumour size, T classification,
TNM staging, Fuhrman grade, and high FGL2 expression were significantly associated with RFS (HR, 4.214;
95% CI, 2.119-8.383; P < 0.001). As expected, multivariate analysis based on Cox proportional hazards model
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Figure 2. The expression of FGL2 in ccRCC tissues based on immunohistochemistry staining. (A and B)
FGL2 expression was detected by IHC in peritumoural tissue.(A, original magnification x200 and B, original
magnification x400). (C and D) Low FGL2 expression in tumoural tissues. (C, original magnification x200
and D, original magnification x400). (E and F) High FGL2 expression in tumoural tissues. (E, original
magnification x200 and F, original magnification x400). (G) Staining index score of FGL2 expression in
tumoural tissues and peritumoural tissues. P-value, calculated by Mann Whitney test, <0.05 was regarded as
statistically significant.

Gender 0.997
Male 104 (61.2%) 41 63
Female 66 (38.8%) 26 40

Age(years)* 0.225
<55 96 (56.5%) 34 62
>55 74 (43.5%) 33 41

Tunor size(cm)?® 0.002%*
<4 89 (52.4%) 45 44
>4 81(47.6%) 22 59

T classification 0.003*
T1-T2 132 (77.6%) 60 72
T3-T4 38 (22.4%) 7 31

N classification 0.266
NO 162 (95.3%) 62 100
N1 8 (4.7%) 5 3

TNM stage 0.002%*
I-11 138 (81.2%) 62 76
II-1IV 32 (18.8%) 5 27

Fuhrman grade 0.763
1-2 117 (68.8%) 47 70
3-4 53 (31.2%) 20 33

Necrosis 0.714
Absent 153 (90%) 61 92
Present 17 (10%) 6 11

Table 1. Correlation between FGL2 expression and clinicopathologic characteristics of ccRCC patients.
Abbreviations: FGL2 = Fibrinogen-like protein 2; ccRCC = clear cell renal cell carcinoma. *Split at median; bp.
value from Chi-square or Fisher exact test; “Statistically significant (P < 0.05).
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Figure 3. Analysis of overall survival (OS) and recurrence-free survival (RES) of patients with ccRCC based
on FGL2 expression by the Kaplan-Meier survival curve and log-rank test. (A,B) The five-year OS and RFS
rate. (C,D) The patients with high FGL2 expression had significantly shorter OS and RFS than those with low
FGL2 expression. (E,F) OS and RFS of all ccRCC patients in early-stage ccRCC according to tumoural FGL2
expression. Log rank test, P < 0.05 was regarded as statistically significant.

showed that high FGL2 expression was an independent predictor of both OS and RFS (OS: HR, 3.396; 95% CI,
1.187-9.722; P=10.023; RFS: HR, 2.940; 95% CI, 1.402-6.166; P=0.004), like tumour size (P < 0.001), TNM stag-
ing (P=0.001), Fuhrman grade (P < 0.001), and necrosis (P =0.003). Together, these results indicate that FGL2
expression is an independent prognostic factor of OS and RES in patients with ccRCC.

Prognostic nomogram establishment for predicting the OS and RFS of patients with
ccRCC. We integrated the significant prognostic factors determined by performing multivariate Cox regres-
sion analysis into a prediction system to establish two novel nomogram systems for predicting OS and RFS,
respectively. These novel nomogram systems showed that FGL2 expression was a significant negative indicator of
OS and REFS (Fig. 4A,B). ROS analyses for OS and RFS showed that the area under the curve (AUC) of the nom-
ogram system was larger (OS: AUC, 0.883; 95% CI, 0.830-0.935; RFS: AUC, 0.878; 95% CI, 0.825-0.930) than
that of the TNM staging system (OS: AUC, 0.852; 95% CI, 0.781-0.922; RFS: AUC, 0.797; 95% CI, 0.724-0.869)
(Fig. 5A,B). Next, concordance index (c-index) of the novel nomogram system was compared with that of the

SCIENTIFICREPORTS |7: 12676 | DOI:10.1038/s41598-017-13149-x 4



www.nature.com/scientificreports/

?ee;;lfer)(Male v 1.037(0.556-1.934) 0.908 1.205(0.615-2.358) 0.587 | 1.228(0.733-2.059) 0.435 1.343(0.782-2.307) 0.284
Age,years (>55 vs <55) | 1.250(0.682-2.290) 0471 0.999(0.496-2.013) 0998 | 1.417(0.850-2.361) 0.181 1.274(0.725-2.238) 0.400
E‘g;’)‘ size.cm (>4 7.791(3.447-17.607) <0.001%* | 4.596(1.600-13.198) 0.005% | 7.472(3.773-14.797) <0.001% | 5.666(2.517-12.755) <0.001*
;rscﬁs_s;ﬁ;;)ﬁ"n (T3+T4 ]} 583(5.912-22.693) <0.001% | 0.753(0.167-3.394) 0711 | 5.185(3.067-8.766) <0.001% | 0.337(0.094-1.209) 0.095
Iv\i ‘gﬁ“ﬁcaﬁm (N1 2.099(0.646-6.818) 0217 1.075(0.289-4.006) 0914 | 1.904(0.688-2.267) 0215 1.328(0.438-4.028) 0.616
ITE% stage (MT+IV'vs 114 606(5.261-19.028) <0.001% | 9.571(2.034-45.026) | 0.004* | 5.157(3.025-8.793) <0.001% | 9.613(2456-37.623) | 0.001*
f;‘i‘f‘z"‘;“ grade G+4 1) 245 0.916-3316) 0.091 3.779(1.645-8.680) 0.002* | 2.628(1.568-4.405) <0.001%* | 4.978(2.669-9.282) <0.001%*
iﬁiﬁgs(m“m v 2.493(1.153-5.392) 0.020% | 4.808(1.649-14.017) 0.004* | 1.905(0.936-3.876) 0.076 3.734(1.548-9.004) 0.003*
ESGII(;‘ZN ;*XP‘ESS“’“ (High | 636(2.579-17.080) <0.001%* | 3.396(1.187-9.722) 0.023* | 4.214(2.119-8.383) <0.001% | 2.940(1.402-6.166) 0.004*

Table 2. Univariate and multivariate Cox regression analysis of different prognostic variables for overall
survival (OS) and recurrence free survival (RFS) prediction in ccRCC patients. HR = hazard ratio;
CI = confidence interval. *P-value from the Cox proportional hazards model; *Statistically significant
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Figure 4. Nomogram for predicting 3-year and 5-year prognosis of ccRCC patients. (A) Nomogram for OS
prediction. (B) Nomogram for RFS prediction.

SCIENTIFICREPORTS |7: 12676 | DOI:10.1038/541598-017-13149-x 5



www.nature.com/scientificreports/

A B
RFS

z S s © |
é < | % < |

—— Nomogram for 0S —— Nomogram for RFS

= — TNM o — TNM
o.‘o ofz o.|4 o.‘e 1.Io ofo o.\z o.‘4 o.ls o.‘g 1.‘0
1 - Specificity 1 - Specificity
AUC 95% CI P AUC 95% CI P
0.830- 0.825-
Nomogram 0.883 0.935 <0.001 Nomogram | 0.878 0.930 <0.001
0.781- 0.724-
TNM 0.852 0.922 <0.001 TNM 0.797 0.869 <0.001
C
C-index C-index 95% CI
os Nomogram 0.857 0.814-0.900
TNM 0.795 0.742-0.848
Nomogram 0.814 0.766-0.862
RFS

TNM 0.718 0.666-0.770

Figure 5. Comparison of the established nomogram model with TNM staging system. (A and B) ROC analyses
for the sensitivity and specificity for the prediction of OS and RES. P-value, calculated by z test, <0.05 was
regarded as statistically significant. (C) Comparison of C-index. C-index = concordance index.

TNM staging system. The integrated nomogram system had a higher c-index value than the TNM staging system
(nomogram system and TMN staging system: c-index values of 0.857 and 0.795, respectively, for OS and of 0.814
and 0.718, respectively, for RFS). These results suggest that the novel integrated nomogram system is more accu-
rate than the traditional TNM staging system for predicting the OS and RFS of patients with ccRCC.

The correlation of FGL2 expression with ccRCC cells viability, apoptosis and ERK1/2 and p38
mitogen-activated protein kinase (MAPK) pathway activation. In order to further investigate the
underlying mechanism of FGL2 in promoting ccRCC, we silenced FGL2 expression in ccRCC cell line 786-O cells
by small interfering RNA (siRNA) in vitro (Fig. 6A). It was found that the silencing of FGL2 expression led to a
significant reduction in cells viability and an increase in cells apoptosis, accompanied with a reduced activation
in ERK1/2 and p38 MAPK pathway, an important signalling pathway in ccRCC'>'6, in ccRCC cells (Fig. 6B-D).
As shown in Fig. 7, the schematic diagram depicts the potential mechanism of the role of FGL2 in ccRCC cells.

Discussion
Increased FGL2 expression has been detected in several human tumours, including lymphomas!, gliomas'’,
and hepatocellular carcinomas'®. To our knowledge, the present study is the first to show an association between
high FGL2 expression and unfavourable prognosis of patients with ccRCC after surgery. In the present study, we
focused on FGL2 expression in ccRCC samples and found that FGL2 expression was significantly increased in
tumour tissues compared with that in peritumoural tissues. We also found that high FGL2 expression was pos-
itively correlated with the stage of ccRCC. Further, we integrated tumoural FGL2 expression and other clinical
parameters to generate two novel nomogram systems for predicting the RFS and OS of patients with ccRCC.
Comparison by using ROC analyses and c-indexes showed that the novel nomogram systems were more accurate
than the traditional TMN staging system for predicting the RFS and OS of patients with ccRCC. In vitro study,
we demonstrated that FGL2 expression was related to ccRCC cells viability and ERK1/2 and p38 MAPK pathway
activation.

FGL2 is expressed by activated endothelial cells and macrophages and is released by CD4* and CD8™" T cells.
As an immunoregulatory factor, FGL2 enhances regulatory T cell activation, balances Th1 and Th2 ratio, and
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Figure 6. The biological role of FGL2 in ccRCC cells. (A) The levels of FGL2 protein in 786-O cells were
detected by Western blotting analysis. (B) 786-O cells viability and (C) apoptosis in different groups were
measured by CCK-8 kit and flowcytometry analysis. (D) Representative Western blotting of phosphorylated
and total ERK1/2 and p38 MAPK protein in cultured 786-O cells. The blots were cropped and full-length blots
were presented in Fig. S3A,B.
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Figure 7. Schematic diagram depicts the potential mechanism of the role of FGL2 in ccRCC cells. FGL2
expression results in the increase in ccRCC cells viability and the reduction in ccRCC cells apoptosis by
potentiating ERK1/2 and p38 MAPK pathway activation.

suppresses antigen presentation activity to affect adaptive immunity'®-2!. FGL2 expression increases in PBMCs
of patients with active B-cell lymphomas but normalizes after remission'. FGL2 induces CD39 expression in
the tumour microenvironment'’, which promotes the conversion of M1 macrophages to tumour-promoting M2
macrophages?. Furthermore, the mRNA information from 2013 TCGA cohort data included in the present study
suggested that FGL2 expression was upregulated in ccRCC tissues and indicated that FGL2 expression was closely
associated with the expression of tumour-promoting factors such as IL17 and IL-10 in ccRCC (Fig. S4A,B). This
suggested that aberrant FGL2 expression in ccRCC interferes with tumour progression.

The MAPK cascade is a critical pathway for human cancer cells proliferation, growth, and division and crosses
different malignancies***. It has well established that ERK1/2 and p38 MAPK pathway plays a significant role in
ccRCCP. Moreover, it has been reported that FGL2 is associated with MAPK dependent cell proliferation and
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apoptosis®, and overexpression of FGL2 induces phosphorylation of p38 MAPK and ERK1/2 in HCCLMS cells'.
Consistent with these observations, at present study we found that FGL2 silencing significantly inhibited ccRCC
cells viability and ERK1/2 and p38 activation, and promoted cells apoptosis, suggesting that FGL2 aggravates the
pathogenesis of ccRCC by promoting the activation of ERK1/2 and p38 MAPK signalling pathway.

RCC activates coagulation/fibrinolysis systems, and coagulation pathway plays an important role in RCC
pathogenesis?. Tumour-related coagulation pathway is mediated by angiogenesis and by factors expressed on
cancer cells, such as fibrinogen and coagulation factor VII?’-?°, Increased plasma fibrinogen levels are associated
with poor histopathological and unfavourable survival outcomes, suggesting that fibrinogen levels can be used as
a prognostic biomarker for patients with RCC?. As a fibrinogen-like protein, FGL2 contributes to renal ischemia
by activating renal microthrombosis in patients with type 2 diabetic nephropathy®®. FGL2 is highly expressed in
HCC tissues and contributes to HCC angiogenesis and hypercoagulability*!. Moreover, FGL2 knockdown delays
HCC growth and tumour angiogenesis'>'*. Therefore, we speculate that FGL2 expression is highly associated
with renal microthrombosis. Interestingly, FGL2 was highly expressed (staining index score, > 6) in all patients
with renal microthrombosis in the present study. However, these patients were not included in statistical analyses
because of their small sample size (n=7).

Although we determined the clinical significance of FGL2 expression in patients with ccRCC, our research
has some limitations. First, this is a retrospective study, which is associated with inherent shortcomings. Second,
this study has statistical limitations because of the inclusion of small number of patients, especially patients with
advanced and metastatic ccRCC, indicating the need for a large, multicentre study. Third, an independent cohort
is necessary to confirm the findings of the present study. Moreover, the association between high FGL2 expres-
sion and renal microthrombosis in ccRCC should to be investigated in further studies; Finally, additional in vivo
studies are needed to further investigate the mechanisms of FGL2 in ccRCC.

In summary, we found that FGL2 expression level was significantly increased in ccRCC tissues. High FGL2
expression was an independent prognostic factor of poor OS and REFS in patients with ccRCC, and it is better per-
formed in especially those with early-TNM-stage ccRCC. Integrating FGL2 expression with other clinical param-
eters in a nomogram surveillance system may improve the accuracy of predicting the OS and RFS of patients with
ccRCC after surgery. FGL2 is expected to be a potential marker for prognosis and one possible target for therapy
in ccRCC.

Methods

Tissue specimens. Fresh ccRCC tissues were collected from patients who underwent partial or radical
nephrectomy at the Southwest Hospital of the Third Military Medical University (Chongqing, China) during
2016. In all, 170 paraffin-embedded tissue samples with pathologically validated ccRCC were collected between
2010 and 2011. Patients who did not have other malignant history and who did not undergo anticancer therapy
were included. Exclusion criteria were (a) incomplete follow-up data, (b) tumour necrosis area of > 80%, and (c)
death within the first month after surgery. Tumour stages were histologically classified according to the TNM
classification of American Joint Committee on Cancer (2010)2. All the patients were followed up from the date
of diagnosis to death or to the last follow-up date. Informed consent was obtained from all patients included in
this study, and the study was approved by the ethical committee of the First Affiliated Hospital of Third Military
Medical University (Southwest Hospital). All experimental protocols were carried out in “accordance” with the
approved guideline.

gRT-PCR. Total RNA was extracted from the tissues by using TRIzol reagent (Takara, Japan), according to
the manufacturer’s protocol. First-strand cDNA was synthesized using a reverse transcription system (Takara,
Japan), according to the manufacturer’s instruction, and mRNA levels were normalized to GAPDH. Primer
sequences for PCR amplification are as follows: FGL2 forward, 5'-AGGCAGAAACGGACTGTTGT-3’; FGL2
reverse, 5'-CCAGGCGACCATGAAGTACA-3'; GAPDH forward, 5'-CTCTGCTCCTCCTGTTCGAC-3' and
GAPDH reverse, 5'-GCGCCCAATACGACCAAATC-3'. All samples were measured in triplicate. Differences in
gene expression were calculated using 2724 method™.

Western blotting. Total proteins were isolated from the renal tissues and 786-O cells by using RIPA
buffer, and protein concentrations were quantified using BCA Protein Assay Kit (Beyotime, Shanghai, China).
Protein samples (35 ug/lane) were resolved by performing sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis and were transferred onto polyvinylidene difluoride membranes (Beyotime). The membranes
were incubated overnight at 4 °C with mouse anti-human FGL2 antibody (Ab) (dilution, 1:400; Abnova,
Taiwan), rabbit anti-human GAPDH antibody (Ab) (dilution, 1:1000; Abcam, Cambridge, MA, USA), rabbit
anti-human ERK1/2 antibody, mouse anti-human phospho-ERK1/2 antibody, rabbit anti-human p38 antibody or
phospho-p38 antibody (all dilution, 1:1000; Beyotime, Shanghai, China) followed by incubation with horseradish
peroxidase-conjugated goat anti-mouse IgG or goat anti-rabbit IgG secondary Abs (dilution, 1:3000; ZSGB-BIO,
Beijing, China). Immunoblots were visualized using a ECL Western Blotting Detection System (Millipore,
Billerica, MA, USA). GAPDH was used as a loading control.

Immunohistochemical staining and assessment. Primary mouse anti-FGL2 Ab (dilution, 1:200;
Abnova, Taiwan) was used for immunohistochemical analysis as described previously*. The intensity of immu-
nostaining was examined and scored by two independent pathologists who were blinded to the clinicopatho-
logical data. A semi-quantitative staining index ranging from 0 to 12 was calculated by multiplying staining
intensities (0: negative, 1: weak, 2: moderate, and 3: strong) with the proportion of positively stained tumour cells
(0: <5% positive cells; 1: 5-25% positive cells; 2: 26-50% positive cells; 3: 51-75% positive cells; and 4: >75%
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positive cells) for each sample. Staining index scores of >6 and <4 indicated high and low FGL2 expression,
respectively.

Transfections with FGL2 small interfering RNA. 786-O cells were plated at 1 x 10° cells/cm? in com-
plete medium without antibiotics. After 60% confluent, cells were transfected with 10 pM siRNA for FGL2 and
scramble control siRNA (Santa Cruz Biotechnology) using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s protocol. At 6 hours later, the medium was replaced with complete medium for 24 hours. To con-
firm the efficacy of the siRNA on the expression of FGL2, protein was isolated and assayed by Western blotting.

Cell proliferation and apoptosis assays. Cell proliferation was measured using commercially available
CCK-8 kits (Dojinodo, Shanghai, China) according to the manufacturer’s instructions. Cell apoptosis was meas-
ured by using flow cytometry as previously described®.

Statistical analysis. Data were analysed using SPSS 19.0 (SPSS Inc., IL, Chicago, USA), GraphPad Prism
6 (GraphPad Software Inc., La Jolla, CA, USA), and R software 3.3.2 with “rms” package (R Foundation for
Statistical Computing, Vienna, Austria). Mann-Whitney test was used to compare the immunohistochemical
staining index scores of tumoural and peritumoural tissues. The relationship between FGL2 expression and clin-
icopathological parameters of patients with ccRCC was evaluated using Chi-square test and Fisher’s exact test,
as appropriate. Survival curves of OS and RFS were illustrated using Kaplan-Meier analyses and log-rank tests.
Univariate and multivariate Cox proportional hazard models were used to evaluate HR and 95% CI. Two nom-
ograms were constructed by integrating parameters showing statistical significance in Cox univariate analysis
and FGL2 expression to predict the RFS and OS of patients with ccRCC. Predictive accuracy and sufficiency of
the different models was evaluated using ROC analyses and Harrell’s concordance index (c-index). P < 0.05 was
considered statistically significant.

Data availability. All datasets generated or analyzed during this study are included in this published article.
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