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Introduction

Renal cell carcinoma (RCC) is one of the most common  
malignancies worldwide, with approximately 400,000 new 
cases and 175,000 deaths in 2018 [1]. Several studies have 
changed the concept of RCC from a uniform entity to a spec-
trum of different histological subtypes with characteristic 
genetic and molecular features [2,3]. Among the subtypes 
of RCC, clear cell RCC is the most common subtype and  
accounts for 75% of all renal neoplasms [4]. Frequent inacti-
vation of the VHL gene causes the overexpression of hypox-
ia-inducible factor (HIF)-1α and HIF-2α, and activates other 
oncogenes and downstream cascades, including vascular  
endothelial growth factor [5,6].

The prognosis of clear cell RCC varies, with more than 90% 
involving 5-year survival for early stage patients and 12% 
involving 5-year survival for patients with distant metasta-
ses [7]. Because of poor prognoses, several targeted agents 

and immunomodulatory agents have been used to treat  
advanced stage clear cell RCC patients. However, definite 
therapeutic strategies have not yet been established [7-9].

Iron is indispensable for many physiological processes 
in cells, such as DNA synthesis and mitochondrial oxida-
tive metabolism. Several cancers have alterative pathways 
to maintain cellular iron balance [10]. Among several iron  
metabolism–related proteins, ferroportin (FPN) functions as 
an iron efflux pump, which is diminished in breast cancer, 
causing tumor growth and metastasis [11]. In addition, a  
recent study reported that the mechanism of hepatic car-
cinogenesis involves a deficiency of F-Box and leucine rich  
repeat protein 5 (FBXL5) [12]. Some studies have reported 
that FBXL5 and the iron regulatory protein 2 (IRP2) axis con-
trols the expression of FPN in a mouse model [13,14]. 

Accumulated intracellular iron activates various intracel-
lular signaling pathways [10]. Among these pathways, signal 
transducer and activator of transcription 3 (STAT3) is activat-
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ed by Janus kinase 1 (JAK1) and crucial for the development 
and progression of clear cell RCC [15]. In addition, the excess 
intracellular iron accounts for the tumorigenesis in colorectal 
cancer via cyclin dependent kinase 1–JAK1–STAT3 pathway 
[16]. These findings may indicate the iron metabolism–relat-
ed proteins as the potential therapeutic target. 

Although a recent study validated 25 iron metabolism– 
related and methylated genes in clear cell RCC [17], studies 
of the prognostic impacts of FPN and FBXL5 have not yet 
been reported. In the present study, we therefore character-
ized the clinicopathological characteristics and prognostic 
impacts of FPN and FBXL5 expression in advanced stage 
clear cell RCC patients.

Materials and Methods
 
1. Patient selection

Tissue specimens from 950 consecutive clear cell RCC 
patients who underwent radical nephrectomy from 2006 to 
2017 at Severance Hospital were used in this study. After the 
slide review by two independent pathologists (C.K. Park and 
N.H. Cho), cases with pT3 and pT4 according to pathologi-
cal tumor, node and metastasis (TNM) staging based on the 
8th American Joint Committee on Cancer (AJCC) criteria or 
those with distant metastases were classified as advanced 
stage RCC. A total of 143 advanced stage RCC cases were 
identified and finally selected for the study.

Several pathological factors, including tumor size, nuclear 
grade according to the World Health Organization (WHO)/
International Society of Urologic Pathology (ISUP) grading 
system [18], sarcomatoid or rhabdoid differentiation, perire-
nal fat invasion, renal sinus fat invasion, vascular invasion 
including renal vein thrombi, and pathological TNM staging 
according to the 8th AJCC criteria were obtained from the 
slide review by two individual pathologists (C.K. Park and 
N.H. Cho). Various clinical factors, including age at surgery, 
sex, regimen of adjuvant treatment, and clinical follow-up 
data were obtained by medical record review. Relapse–free 
survival (RFS) was defined as the time from the date of the 
first curative operation to the date of the first loco-regional 
recurrence/distant metastasis or to the date of death without 
any type of relapse. Overall survival (OS) time was calcu-
lated from the date of curative resection to the date of the last 
follow-up or death from any cause.

2. Immunohistochemistry and evaluation
Four µm tissue sections from formalin fixed paraffin em-

bedded blocks were used for immunohistochemistry (IHC). 
IHC was performed using the Ventana Benchmark XT  
automated staining system (Ventana Medical Systems, Tuc-

son, AZ) as previously described [19]. Cell Conditioning 1 
buffer (EDTA, pH 8.0, Ventana Medical Systems) was used 
for antigen retrieval. The sections were incubated with pri-
mary antibody for FPN (1:200, rabbit polyclonal, Novus 
Biologicals, Centennial, CO), FBXL5 (1:50, rabbit polyclonal,  
Abcam, Cambridge, UK), and STAT3 (1:300, mouse monoclo-
nal, 124H6, Cell Signaling Technology, Danvers, MA).

The evaluations of IHC slides were performed by two 
independent pathologists. Expression of FPN, FBXL5, and 
STAT3 were evaluated based on the semi-quantitative H-
score method with a total score range of 0-300 as previously 
described [20]. Using X-tile software [21], the cutoff value 
was optimized for FPN, FBXL5 and STAT3.

3. The Cancer Genome Atlas data
To investigate the relationship between mRNA expression 

of FPN and FBXL5 and various clinicopathological factors, 
public data from the Cancer Genome Atlas (TCGA) data-
base were used. The clinical information and RNA sequenc-
ing data were obtained from TCGA database as previously  
described [17]. Detailed clinical and pathological character-
istics of the TCGA and Severance Hospital cohort are pre-
sented in S1 Table.

 
4. Statistical analysis

Statistical calculations were performed using SPSS statisti-
cal software for Windows ver. 21.0 (IBM Corp., Armonk, NY). 
The chi-square test or Fisher exact test was used to study the 
relationship between IHC results or mRNA expression levels 
and various clinicopathological factors. For the comparison 
of patient age and tumor size, Student’s t test was used. RFS 
and OS were estimated by the Kaplan-Meier method using 
the log-rank test. Multivariate regression was analyzed using 
the Cox proportional hazards model. Significant compari-
sons refer to p-values of two-tailed tests < 0.05.

Results

1. FPN and FBXL5 IHC expression in clear cell RCCs
All 143 clear cell RCCs showed membrane expression 

of FPN with nonspecific nuclear staining. Only membrane  
expression was considered. The intensities and proportions 
of FPN expression were diverse. The H-score of FPN varied 
from 0 to 205 with a cutoff value of 20 optimized by X-tile 
software. Cases with H-score > 20 were assigned to high FPN 
expression and others were assigned to low FPN expression. 

All clear cell RCCs showed cytoplasmic expression of 
FBXL5. Similar to FPN, the H-score of FBXL5 varied from 
0 to 260 with a cutoff value of 15 optimized by X-tile soft-
ware. Cases with H-score > 15 were assigned to high FBXL5  
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expression and others were assigned to low FBXL5 expres-
sion.

All clear cell RCCs showed nuclear expression of STAT3. 
The expression of STAT3 varied from 0 to 300 with a cut-off 
value of 70 optimized by X-tile software. Cases with H-score 
> 70 were assigned to high STAT3 expression and the others 
were assigned to low STAT3 expression. The representative 
cases and the distribution of H-score of each marker are pre-
sented as Fig. 1 and S2 Fig., respectively.

When analyzing correlations between various clinico-
pathological factors and FPN expression, only patient sur-
vival was significantly associated with high FPN expression 
(p=0.022). For FBXL5, high expression was significantly  
associated with higher nuclear grade (p=0.006), high STAT3 
expression (p=0.016), and patient survival (p=0.005). The  
detailed results of chi-square analyses are presented in  
Table 1.

2. The mRNA expression levels of FPN and FBXL5 in clear 
cell RCC

Among 538 patients’ data obtained from TCGA database, 

534 patients with available FPN and FBXL5 mRNA expres-
sion data were finally selected. All 534 patients were classi-
fied into two groups. Cases within the upper 50% of FPN and 
FBXL5 mRNA expression were assigned to high expression 
and the others were assigned to low expression.

Using chi-square analysis, low FPN mRNA expression 
was significantly associated with advanced pathological T 
stage (p=0.001), recurrence/metastasis (p=0.008), and pati-
ent death (p=0.002). In addition, low FPN mRNA expres-
sion showed a tendency toward higher WHO/ISUP nuclear 
grade (p=0.054). For FBXL5, low mRNA expression was sig-
nificantly associated with male sex (p=0.001), higher WHO/
ISUP nuclear grade (p=0.009), advanced pathological T stage 
(p < 0.001), recurrence/metastasis (p < 0.001), and patient 
death (p < 0.001). The detailed results of chi-square analysis 
are presented in S3 Table.

3. Prognostic impact of FPN and FBXL5 expression on clear 
cell RCC patients’ OS

In survival analysis of the Severance Hospital cohort, low 
expression of FPN and FBXL5 were significantly associated 

Fig. 1.  Representative cases of ferroportin (FPN), F-Box, and leucine rich repeat protein 5 (FBXL5) and signal transducer and activator of 
transcription 3 (STAT3) expression in clear cell renal cell carcinomas (×200). FPN showed membrane expression with nonspecific nuclear 
staining: (A) negative, (B) intensity 1+, (C) intensity 2+, and (D) intensity 3+. FBXL5 cytoplasmic expression: (E) negative, (F) intensity 1+, 
(G) intensity 2+, and (H) intensity 3+. STAT3 showed nuclear expression: (I) negative, (J) intensity 1+, (K) intensity 2+, and (L) intensity 3+.
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with shorter OS (p=0.003 and p=0.004, respectively) (Fig. 2A 
and B). In addition, cases with low expression of both FPN 
and FBXL5 showed significantly poorer OS than other cases 
(p < 0.001) (Fig. 2C). High STAT3 expression was significant-
ly associated with shorter OS (p=0.007) (Fig. 2D). 

When additionally estimating OS in cases with recurrence 
or metastasis, those with low expression of FPN and FBLX5 
showed significantly shorter OS (p=0.016 and p=0.015, res-
pectively) (Fig. 2E and F). However, high STAT3 expression 
did not show significant differences in OS (p=0.525) (Fig. 2G).

Using univariate analysis, tumor size > 9 cm (p=0.002), the 

presence of perirenal fat invasion (p=0.003), the presence of 
sarcomatoid/rhabdoid differentiation (p < 0.001), low FPN 
expression (p=0.004), low FBXL5 expression (p=0.005), high 
STAT3 expression (p=0.009) and the presence of recurrence/
metastasis (p < 0.001) were significantly associated with 
shorter OS. Using multivariate analysis, low FBXL5 expres-
sion (p=0.034) and the presence of recurrence/metastasis  
(p < 0.001) were significantly associated with shorter OS. 
The presence of perirenal fat invasion (p=0.067), the pres-
ence of sarcomatoid/rhabdoid differentiation (p=0.057) and 
high STAT3 expression (p=0.080) showed a tendency toward 

Table 1.  Clinicopathological characteristics of 143 clear cell renal cell carcinoma cases according to FPN and FBXL5 expression status

Variable
	 No. of cases 	                         FPN expression		                                  FBXL5 expression 

	 (n=143) 	 High (n=72)	 Low (n=71)	 p-value	 High (n=58)	 Low (n=85)	 p-value

Age (yr)		  60.2±12.0	 59.1±11.7	 0.581	 60.4±11.3	 59.2±12.2	 0.529
Tumor size (cm)		  9.12±4.00	 9.06±3.42	 0.930	 9.18±3.65	 9.03±3.76	 0.804
Sex							     
    Female	 40	 23 (31.9)	 17 (23.9)	 0.287	 16 (27.6)	 24 (28.2)	 0.932
    Male	 103	 49 (68.1)	 54 (76.1)		  42 (72.4)	 61 (71.8)	
Nuclear grade							     
    2	 25	 14 (19.4)	 11 (15.5)	 0.534	 4 (6.9)	 21 (24.7)	 0.006
    3 and 4	 118	 58 (80.6)	 60 (84.5)		  54 (93.1)	 64 (75.3)	
Perirenal fat invasion							     
    Absent	 67	 30 (41.7)	 37 (52.1)	 0.211	 28 (48.3)	 39 (45.9)	 0.778
    Present	 76	 42 (58.3)	 34 (47.9)		  30 (51.7)	 46 (54.1)	
Sinus fat invasion							     
    Absent	 59	 31 (43.1)	 28 (39.4)	 0.660	 21 (36.2)	 38 (44.7)	 0.311
    Present	 84	 41 (56.9)	 43 (60.6)		  37 (63.8)	 47 (55.3)	
Vascular invasion							     
    Absent	 80	 44 (61.1)	 36 (50.7)	 0.210	 28 (48.3)	 52 (61.2)	 0.127
    Present	 63	 28 (38.9)	 35 (49.3)		  30 (51.7)	 33 (38.8)	
Sarcomatoid/Rhabdoid 
  differentiation						    
    Absent	 128	 66 (91.7)	 62 (87.3)	 0.397	 53 (91.4)	 75 (88.2)	 0.547
    Present	 15	 6 (8.3)	 9 (12.7)		  5 (8.6)	 10 (11.8)	
Necrosis							     
    Absent	 122	 62 (86.1)	 60 (84.5)	 0.786	 49 (84.5)	 73 (85.9)	 0.816
    Present	 21	 10 (13.9)	 11 (15.5)		  9 (15.5)	 12 (14.1)	
STAT3 expression							     
    Low	 117	 55 (76.4)	 62 (87.3)	 0.090	 42 (72.4)	 75 (88.2)	 0.016
    High	 26	 17 (23.6)	 9 (12.7)		  16 (27.6)	 10 (11.8)	
Recurrence/Metastasis							     
    Absent	 54	 32 (44.4)	 22 (31.0)	 0.097	 25 (43.1)	 29 (34.1)	 0.276
    Present	 89	 40 (55.6)	 49 (69.0)		  33 (56.9)	 56 (65.9)	
Survival							     
    Alive	 86	 50 (69.4)	 36 (50.7)	 0.022	 43 (74.1)	 43 (50.6)	 0.005
    Expired	 57	 22 (30.6)	 25 (49.3)		  15 (25.9)	 42 (49.4)	

Values are presented as mean±SD or number (%). FBXL5, F-Box and leucine rich repeat protein 5; FPN, ferroportin; STAT3, signal trans-
ducer and activator of transcription 3.
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shorter OS. The detailed results of univariate and multivari-
ate analysis are presented in Table 2.

In TCGA cohort, low mRNA expression of FPN and FBXL5 
were significantly associated with shorter OS (all, p < 0.001) 
(S4A and S4B Fig.). When analyzing pT3 and pT4 cases of 
TCGA cohort, cases with low FPN and FBXL5 mRNA lev-

els showed significantly shorter OS (p < 0.001 and p=0.014, 
respectively) (Fig. 2H and I). Using univariate analysis, age 
> 60 years (p < 0.001), WHO/ISUP nuclear grade 3 and 4  
(p < 0.001), pathological stage T3 and T4 (p < 0.001), low FPN 
mRNA level (p < 0.001), low FBXL5 mRNA level (p < 0.001), 
and the presence of recurrence/metastasis (p < 0.001) were 

Fig. 2.  Overall survival (OS) of clear cell renal cell carcinoma patients according to ferroportin (FPN), F-Box, and leucine rich repeat protein 
5 (FBXL5) and signal transducer and activator of transcription 3 (STAT3) expression. (A) In 143 clear cell renal cell carcinoma, low expres-
sion of FPN was significantly associated with shorter OS (p=0.003). (B) Similar to FPN, low FBXL5 expression was significantly associated 
with shorter OS (p=0.004). (C) Cases with low expression of both FPN and FBXL5 showed significantly shorter OS than other cases (p < 
0.001). (D) High STAT3 expression showed significantly shorter OS (p=0.007). In patients with recurrence or metastasis, those with low 
FPN (E) and FBXL5 (F) expression showed significantly shorter OS (p=0.016 and p=0.015, respectively). (Continued to the next page)
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associated with shorter OS. Using multivariate analysis, 
pathological stage T3 (p=0.024), and low FBXL5 mRNA level 
(p=0.020) were significantly associated with shorter OS. The 
low FPN mRNA level showed a tendency toward shorter OS 

(p=0.085). The detailed results of univariate and multivariate 
analyses are presented as S5 Table.

4. Prognostic impact of FPN and FBXL5 expression on clear 
cell RCC patients’ RFS

In survival analysis of the Severance Hospital cohort, only 
high STAT3 expression showed significant correlation with 
shorter RFS (p < 0.001). The low FPN expression showed a 
tendency toward shorter RFS (p=0.055) (S6 Fig.). 

Using univariate analysis, tumor size > 9 cm (p=0.001), the 
presence of perirenal fat invasion (p=0.016), the presence of 
sarcomatoid/rhabdoid differentiation (p=0.003) and high 
STAT3 expression (p < 0.001) were significantly associated 
with shorter RFS. Using multivariate analysis, tumor size > 
9 cm (p=0.012), the presence of sarcomatoid/rhabdoid dif-
ferentiation (p=0.002) and high STAT3 expression (p=0.004) 
were significantly associated with shorter RFS. The detailed 
results of univariate and multivariate analysis are presented 
in S7 Table.

In TCGA cohort, low mRNA expression of FPN and FBXL5 
were significantly associated with shorter RFS (p=0.002 and 
p < 0.001, respectively) (S8A and S8B Fig.). When analyz-
ing pT3 and pT4 cases of TCGA cohort, cases with low FPN 
mRNA levels showed significantly shorter RFS (p=0.006) 
(S8C Fig.). However, no significant difference was identi-
fied according to FBXL5 mRNA level (p=0.458) (S8D Fig.). 
Using univariate analysis, age > 60 years (p=0.028), WHO/
ISUP nuclear grade 3 and 4 (p < 0.001), pathological stage 
T3 and T4 (p < 0.001), low FPN mRNA level (p=0.003), 
and low FBXL5 mRNA level (p < 0.001) were associated 
with shorter RFS. Using multivariate analysis, WHO/ISUP  
nuclear grades 3 and 4 (p < 0.001), pathological stage T3 and 
T4 (p < 0.001) and low FBXL5 mRNA level (p=0.006) were sig-
nificantly associated with shorter RFS. The low FPN mRNA 
level showed a tendency toward shorter RFS (p=0.085). The 
detailed results of univariate and multivariate analyses are 
presented as S9 Table.

Discussion

Clear cell RCC is the most common tumor among all  
renal neoplasms; however, its prognoses are poor in patients 
with advanced stages. Several targeted agents have been 
used to treat this common but lethal subtype of RCC [7-9]. 
The maintenance of iron homeostasis is crucial because it is 
essential for several biological processes. Dysregulation of 
iron metabolism–related proteins causes tumor growth and 
metastasis [11,22]. Recent studies have shown the role of the 
FBXL5-IRP2 axis in the expression of FPN [13,14]. In the pre-
sent study, we therefore characterized the expression of FPN 

Fig. 2.  (Continued from the previous page) (G) High STAT3 expres-
sion did not show significant differences in patients with recur-
rence or metastasis (p=0.525). (H) When analyzing 191 pT3 and 
pT4 patients of The Cancer Genome Atlas cohort, low mRNA  
expression level of FPN was significantly associated with short-
er OS (p < 0.001). (I) Similar to FPN, the low mRNA expression 
level of FBXL5 was significantly associated with shorter OS 
(p=0.014).
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and FBXL5 in advanced stage clear cell RCCs to elucidate 
their roles in tumor progression.

We investigated the expression of FPN and FBXL5 in  
advanced stage clear cell RCC patients and compared the 
differences with patients in TCGA cohort. Low expression of 

FPN and FBXL5 showed significantly shorter OS in advanced 
clear cell RCC patients, which is consistent with TCGA data 
analysis. In addition, when analyzing pT3 and pT4 cases of 
TCGA cohort, low FPN and FBXL5 mRNA expression were 
significantly associated with shorter OS. In our study cohort, 

Table 2.  Univariate and multivariate analysis of 143 clear cell renal cell carcinoma cases on overall survival

Variable
	                             Univariate		                               Multivariate

	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value 

Age (yr)
    ≤ 60	 1 (	 0.546	 -	 -
    > 60	 0.851 (0.504-1.437)		  -	
Sex				  
    Female	 1 (	 0.746	 -	 -
    Male	 0.909 (0.509-1.622)		  -	
Tumor size (cm)				  
    ≤ 9	 1 (	 0.002	 1 (	 0.899
    > 9	 2.351 (1.381-4.004)		  1.040 (0.570-1.896)	
Nuclear grade				  
    2	 1 (	 0.184	 -	 -
    3 and 4	 1.661 (0.786-3.513)		  -	
Perirenal fat invasion				  
    Absent	 1 (	 0.003	 1 (	 0.067
    Present	 2.385 (1.338-4.251)		  1.807 (0.959-3.408)	
Sinus fat invasion				  
    Absent	 1 (	 0.160	 -	 -
    Present	 0.689 (0.409-1.159)		  -	
Vascular invasion				  
    Absent	 1 (	 0.349	 -	 -
    Present	 1.284 (0.761-2.167)		  -	
Necrosis				  
    Absent	 1 (	 0.246	 -	 -
    Present	 1.504 (0.754-3.000)		  -	
Sarcomatoid/Rhabdoid differentiation				  
     Absent	 1 (	 < 0.001	 1 (	 0.057
    Present	 3.474 (1.784-6.762)		  1.986 (0.979-4.031)	
FPN expression				  
    High	 1 (	 0.004	 1 (	 0.101
    Low	 2.192 (1.280-3.751)		  1.616 (0.910-2.868)	
FBXL5 expression				  
    High	 1 (	 0.005	 1 (	 0.034
    Low	 2.323 (1.287-4.194)		  2.001 (1.053-3.801)	
STAT3 expression				  
    Low	 1 (	 0.009	 1 (	 0.080
    High	 2.207 (1.217-4.002)		  1.775 (0.934-3.375)	
Recurrence/Metastasis				  
    Absent	 1 (	 < 0.001	 1 (	 < 0.001
    Present	 9.541 (3.786-24.043)		  7.001 (2.667-18.377)	
CI, confidence interval; FBXL5, F-Box and leucine rich repeat protein 5; FPN, ferroportin; HR, hazard ratio; STAT3, signal transducer and 
activator of transcription 3. 
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FPN and FBXL5 showed variable expression in advanced 
stage clear cell RCCs with membrane and cytoplasmic  
expression, respectively. 

Low expression of FBXL5 suppresses the degradation of 
IRP2, causing the overexpression of IRP2. IRP2 causes the 
degradation of FPN, causing intracytoplasmic accumulation 
of iron [13,14]. The excess intracytoplasmic iron promotes 
cancer development via the Fenton reaction by generating 
reactive oxygen species, hydroxide anion, and hydroxyl radi-
cals [23]. A recent computational study reported that cytosol-
ic and mitochondrial Fenton reactions occurred in 14 cancer 
types, including clear cell RCC. In the cytosol, to neutralize 
excess hydroxide anions, glycolysis and nucleotide synthe-
sis increase, which promote cell division and proliferation to 
eliminate the excess glycolytic products and nucleotides. In 
addition, ATP is synthesized in mitochondria without oxy-
gen consumption because hydrogen peroxide plays a role as 
an electron receiver instead of oxygen in the Fenton reaction 
[24]. 

In our speculation, there may be a cross-talk between iron 
metabolism–related proteins and HIF in clear cell RCC. The 
inactivation of the VHL gene causes the stabilization and 
activation of HIF-1α and HIF-2α [5,25]. Especially, HIF-1α 
stimulates the expression of glycolysis-related genes, such as 

HK2, PFK, and LDHA [26]. In addition, excess cytosolic iron 
overload causes glycolysis and nucleotide synthesis via the 
Fenton reaction [24]. These two pathways, which promote 
glycolysis and lactate formation, and may induce tumor pro-
gression in clear cell RCC (Fig. 3).

Increased intracellular iron also promotes metastasis via 
downregulation of metastasis suppressor, N-myc, down-
stream-regulated gene 1 (NDRG1), and NDRG2 in various 
types of cancers [27]. NDRG2 inhibits the epithelial-mesen-
chymal transition and metastasis by inactivating STAT3 and 
ERK1/2 via reduction of the level of the gp130 receptor [28]. 
In this regard, it is possible that the low expression of FPN 
and FBXL5 may be associated with high STAT3 expression. 
Thus, we performed STAT3 IHC to determine the correla-
tion between iron metabolism–related proteins and STAT3. 
However, FPN and STAT3 expression showed positive corre-
lations (Pearson’s correlation coefficient, 0.436; p < 0.001). In 
addition, the correlation between FBXL5 and STAT3 expres-
sion was not significant (Pearson’s correlation coefficient, 
0.156; p=0.062) (S10 Table). These findings may be due to 
the upregulation of STAT3 in clear cell RCC [15] or interac-
tion between FPN and FBXL5. Further studies are therefore 
necessary to investigate the cross-talk between iron metabo-
lism–related proteins and STAT3 in clear cell RCC. 

Several studies have reported the expression of iron  
metabolism–related proteins and their clinical significance 
in various types of cancers. A recent study reported that the 
deficiency of FBXL5 causes hepatic carcinogenesis [12]. The 
expression of FPN is lower in prostate and breast cancers. In 
addition, the expression level decreases as the tumor grade 
increases [11,29,30]. Furthermore, a low expression level of 
FPN in pancreatic cancer is significantly associated with 
poor patient outcomes [31]. The analysis results of TCGA 
cohort and our study cohort is consistent with those of previ-
ous studies, indicating that the disruption of iron metabo-
lism–related proteins may trigger carcinogenesis and tumor 
progression. However, some cancers have shown different 
results. When compared with normal esophagus tissue, FPN 
is overexpressed in esophageal adenocarcinoma [32]. Thus, 
the correlation between mRNA or protein expression and 
patient prognosis may differ according to the subtype of can-
cer. Further studies are necessary to elucidate the different 
prognostic impacts of FPN and FBXL5 on patient survival in 
various cancer types. 

Unlike TCGA cohort, only patient survival was signifi-
cantly associated with high expression of FPN and FBXL5. 
This may be due to the different composition of the study 
cohort. Considering the composition of our study cohort, the 
low expression of FPN and FBXL5 may adversely affect the 
OS of advanced stage patients. These findings suggested that 
low expression of these two iron metabolism–related pro-

Fig. 3.  Schematic diagram of cross-talk between iron-related 
metabolism and hypoxia-inducible factor 1α (HIF-1α) in clear 
cell renal cell carcinoma. The cytosolic excess iron and hydrogen 
peroxide trigger the Fenton reaction with generation of reactive 
oxygen species, hydroxyl radicals, and hydroxide anions. To 
maintain the cytosolic and mitochondrial pH, glycolysis, lactate 
formation, and subsequent nucleotide synthesis is promoted. 
Inactivation of VHL induces the activation of HIF-1α, which 
promotes the expression of glycolysis-related genes and LDHA. 
FBXL5, F-Box and leucine rich repeat protein 5.
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teins were an independent prognostic predictor of patient 
survival in advanced clear cell RCC. In addition, our find-
ings suggested the possibility of a FBXL5-IRP2 axis, and FPN 
as a potential therapeutic target for advanced stage clear cell 
RCC patients.

Despite being consistent with TCGA cohort, our study 
had a limitation because it was a retrospective study per-
formed in a single institute with a cohort composed of  
advanced stage RCC patients. Thus, the correlation between 
the expression of iron metabolism–related proteins and vari-
ous clinicopathological factors was not fully elucidated. In  
addition, the mechanism by which the low expression of FPN 
and FBXL5 affected patient survival is unclear. Further large  
series studies with multicenter cohorts are therefore neces-
sary to overcome the limitations of our study.

In conclusion, we showed that low expression of FPN and 
FBXL5 were significantly associated with shorter OS and 
that low expression levels predicted the prognoses of RCC 
patients. Our findings suggested that FPN and FBXL5 can 
be used as prognostic markers and therapeutic targets for  
advanced stage clear cell RCC patients, although further 
studies are necessary to validate our results. 
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