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Abstract
Background  Currently, no useful serum markers exist for clear cell renal cell carcinoma (ccRCC), making early 
detection challenging as diagnosis relies solely on imaging tests. Radiation exposure is also a concern due to 
multiple required CT examinations during treatment. Renal cell carcinoma (RCC) histological types include ccRCC 
and non-clear cell RCC (non-ccRCC); however, treatment response to medications varies which necessitates accurate 
differentiation between the two. Therefore, we aimed to identify a novel serum marker of RCC. Increased LRG1 
expression in the serum has been demonstrated in multiple cancer types. However, the expression of LRG1 expression 
in the serum and cancer tissues of patients with RCC has not been reported. Since ccRCC is a hypervascular tumor 
and LRG1 is capable of accelerating angiogenesis, we hypothesized that the LRG1 levels may be related to ccRCC. 
Therefore, we examined LRG1 expression in sera from patients with RCC.

Methods  Using an enzyme-linked immunosorbent assay, serum levels of leucine-rich-alpha-2-glycoprotein 1 (LRG1) 
were measured in 64 patients with ccRCC and 22 patients non-ccRCC who underwent radical or partial nephrectomy, 
as well as in 63 patients without cancer.

Results  Median values of serum LRG1 and their inter-quartile ranges were 63.2 (42.8–94.2) µg/mL in ccRCC, 23.4 
(17.7–29.6) µg/mL in non-ccRCC, and 36.0 (23.7–56.7) µg/mL in patients without cancer, respectively (ccRCC vs. 
non-ccRCC or patients without cancer: P < 0.001). C-reactive protein (CRP) levels (P = 0.002), anemia (P = 0.037), 
hypercalcemia (P = 0.023), and grade (P = 0.031) were independent predictors of serum LRG1 levels in ccRCC. To 
assess diagnostic performance, the area under the receiver operating characteristic curve of serum LRG1 was utilized 
to differentiate ccRCC from non-cancer and non-ccRCC, with values of 0.73 (95% CI, 0.64–0.82) and 0.91 (95% CI, 
0.82–0.96), respectively.

Conclusions  LRG1 served as a serum marker associated with inflammation, indicated by CRP, anemia, hypercalcemia, 
and malignant potential in ccRCC. Clinically, serum LRG1 levels may assist in differentiating ccRCC from non-ccRCC 
with excellent diagnostic accuracy.
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Background
Renal cell carcinoma (RCC) is the most common type 
of kidney cancer, accounting for approximately 2 − 3% of 
all malignancies [1]. Urological cancer ranks as the sec-
ond leading cause of death among all urological cancers. 
Despite increased RCC diagnoses over the years, many 
patients (25-30%) still present with distant metastases 
at diagnosis, with metastasis developing in about 30% of 
the remaining patients [2]. Surgery proves most effective 
for localized RCC, while molecular-targeted therapies, 
including tyrosine kinase inhibitors (TKI) and immuno-
oncology (IO) drugs, have improved overall survival, 
particularly for locally advanced and metastatic RCC 
(mRCC) [3, 4]. Although TKIs and nivolumab have led 
to innovations in treating advanced clear cell renal cell 
carcinoma (ccRCC), prognosis remains generally poor 
[5]. Selecting treatment for mRCC would ideally involve 
determining whether the renal tumor is ccRCC or non-
ccRCC without biopsy or excision, as most patients with 
ccRCC do not benefit from IO drugs, although about 30% 
of patients with mRCC achieve long-term survival [4]. 
Therefore, detecting RCC at a localized or less advanced 
stage may contribute to a more favorable prognosis.

Leucine-rich-2-glycoprotein (LRG) was first identified 
in the human serum [6], with leucine-rich-alpha-2-gly-
coprotein 1 (LRG1) identified subsequently as a member 
of the membrane-associated leucine-rich repeat (LRR) 
family. LRG1 plays roles in cell adhesion [7], migration 
[8], survival, and apoptosis [9, 10]. Recently, Wang et al. 
revealed that LRG1 was capable of accelerating angiogen-
esis via direct binding to the TGF-β accessory receptor 
endoglin to activate the Smad1/5/8 signalling pathway 
[11]. 

Increased LRG1 expression in the serum has been 
demonstrated in ovarian cancer [12], non-small cell lung 
cancer [13], gastric cancer [14], pancreatic cancer [15], 
and leukemia [16]. However, LRG1 expression in the 
serum and cancer tissues of patients with RCC has not 
been reported. Since ccRCC is a hypervascular tumor 
and LRG1 is capable of accelerating angiogenesis [11], we 
hypothesized that LRG1 levels may be related to ccRCC. 
Therefore, we examined LRG1 expression in sera from 
patients with RCC.

Materials and methods
Patients and samples
Eighty-six consecutive patients with RCC who under-
went radical or partial nephrectomy between 2012 and 
2017 at the Department of Urology, University of the 
Ryukyus Hospital, were studied. Serum samples were 
obtained from 64 patients with ccRCC, 22 with non-
ccRCC, and 63 without cancer. The inclusion criteria 
for the 63 non-cancer patients were those with benign 
diseases who visited our department between 2012 and 

2017. Their details are shown as Supplementary Table 
1. All samples were collected within 3 months before 
surgery. Serum was aliquoted and frozen at -80  °C until 
use. Pathological stages of the specimens were assessed 
according to the TNM Classification of Malignant 
Tumors, 7th edition [17]. 

This study was approved by the internal review board 
of the University of the Ryukyus (No. 524), and informed 
consent was obtained from each patient. The study was 
conducted in accordance with the principles Declaration 
of Helsinki.

Western blot analysis of LRG1 proteins
To eliminate serum immunoglobulin G, patient serum 
samples were pre-treated with protein G spin columns 
(Cosmo Bio Co., Ltd. Tokyo, Japan). Cultured RCC cells 
were lysed in NP40 cell lysis buffer (Life Technologies) 
supplemented with a protease inhibitor cocktail (Roche 
Diagnostics GmbH, Mannheim, Germany). Ten micro-
grams of serum proteins or 15  µg of cell lysis proteins 
were boiled in sample buffer and fractionated using Mini-
PROTEAN TGX 10% gel electrophoresis (Bio-Rad Labo-
ratories, Inc., Hercules, CA, USA). After protein transfer 
to PVDF membranes (Bio-Rad Laboratories, Inc.), the 
membranes were blocked with 5% BSA in TBS (Bio-Rad 
Laboratories, Inc.) containing 0.05% Tween-20. LRG1 
antibody (Proteintech Group, Inc., Rosemont, IL) bind-
ing to the blot proteins was detected using HRP-linked 
anti-rabbit IgG (GE Healthcare UK, Ltd., Little Chalfront, 
UK), followed by chemiluminescence (Bio-Rad Laborato-
ries, Inc.).

Enzyme-linked immunosorbent assay
Serum levels of LRG1 in patients with RCC and patients 
without cancer were measured by enzyme-linked immu-
nosorbent assay (ELISA) using a Human LRG Assay Kit 
(Immuno-Biological Laboratories Co., Ltd., Gunma, 
Japan) according to the manufacturer’s instructions. 
Absorbance was measured at 450 nm using a Model 680 
microplate reader (Bio-Rad Laboratories, Inc.). All exper-
iments were performed in duplicates.

Statistical analysis
Statistical analyses were conducted using the JMP 12® 
(SAS Institute Inc., Cary, NC, USA). Statistical signifi-
cance was determined using the nonparametric Mann-
Whitney U test (which assessed differences among the 
three groups). The Spearman rank correlation coefficient 
was utilized to determine the correlation between clinical 
parameters and multiple regression analysis of multivari-
able analysis. A receiver operating characteristic (ROC) 
curve was generated to assess the diagnostic efficiency. A 
P-value < 0.05 was considered statistically significant.
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Data availability
Data supporting the study findings are available from the 
corresponding author upon reasonable request.

Results
Clinicopathological characteristics of the patients
The clinicopathological characteristics of 86 patients with 
ccRCC and non-ccRCC are summarized in Table  1. All 
patients with RCC underwent radical or partial nephrec-
tomy. Among the 22 patients with non-ccRCC, 13 (59%) 
had papillary RCC and nine (41%) had chromophobe 
RCC. No significant differences were observed in the 
variables between the ccRCC and non-ccRCC patients.

Western blotting of serum LRG1
Western blotting results demonstrated that the expres-
sion level of serum LRG1 in the patients with ccRCC was 
higher as compared to those with non-ccRCC or patients 
without cancer (Fig. 1).

Measurement of LRG1 in patient serum by ELISA
Serum levels of LRG1 in patients with ccRCC (n = 64), 
non-ccRCC (n = 22), and without cancer (n = 63) were 
measured using ELISA. The median serum levels of 
LRG1, including the interquartile range, were 63.2 
(42.8–94.2) µg/mL in ccRCC, 23.4 (17.7–29.6) µg/mL in 
non-ccRCC, and 36.0 (23.7–56.7) µg/mL in non-cancer 
patients, respectively (Fig. 2). The serum LRG1 level was 
significantly higher in patients with ccRCC than in those 
non-ccRCC (P < 0.001) or without cancer (P < 0.001). We 
confirmed that semi-quantification by western blotting 
and ELISA were significantly correlated (correlation coef-
ficient, 0.85; 95% CI, 0.50–0.96) (data not shown).

Relationship between serum LRG1 level and 
clinicopathological parameters in ccRCC
The predictor variables were analyzed for serum LRG1 
levels in 61 of 64 ccRCC cases (the necessary data were 
lacking in three cases, which were omitted). Serum 
LRG1 levels were significantly associated with hemoglo-
bin (P = 0.006), albumin (P = 0.008), corrected calcium 
(P = 0.014), C-reactive protein (CRP) (P = 0.009), neu-
trophil-to-lymphocyte ratio (NLR) (P = 0.005), clinical T 
stage (P = 0.015), clinical M stage (P = 0.046), and histo-
logical grade (P = 0.002). Multivariable analysis revealed 
that CRP level (P = 0.002), grade (P = 0.032), hypercal-
cemia (P = 0.023) and hemoglobin level (P = 0.037) were 
independent predictors of LRG1 levels (Table 2). In this 
study, multivariable analysis showed no significant cor-
relation between CRP and serum LRG1 in patients with 
non-ccRCC. The results are shown in Supplementary 
Table 2.

Diagnostic performance of LRG1
The area under the receiver operating characteristic 
curve (AUC) of serum LRG1 that was used for differen-
tiating ccRCC from non-cancerous tissue was 0.74 (0.64–
0.82), with the highest sensitivity (0.73) and specificity 
(0.70) observed at a cut-off value of 47.5 µg/mL (Fig. 3A). 
Meanwhile, the AUC of serum LRG1 that was used for 
distinguishing ccRCC from non-ccRCC was 0.91 (0.82–
0.96), with the highest sensitivity (0.95) and specificity 
(0.82) obtained at a cut-off value of 31.2 µg/mL (Fig. 3B). 
We have performed multivariable analysis and confirmed 
that LRG1 is an independent factor for ccRCC differen-
tiation. Shown as Supplementary Table 3. CRP was not 
a useful marker for differentiating between ccRCC and 
non-ccRCC.

Table 1  Clinicopathological characteristics of patients with RCC
ccRCC (N = 64) non ccRCC (N = 22) p value

M / F 37 (58%) / 27 (42%) 14 (64%) / 8 (36%) 0.63
Age, median 62.5 (35-87) 60.5 (23-82) 0.49
TNM 
classification
clinical T 0.42
1 50 (78%) 19 (86%)
2 5 (8%) 2 (9%)
3 9 14%) 1 (5%)
4 0 0
clinical N 0.06
0 64 (100%) 20 (90%)
1 0 1 (5%)
2 0 1 (5%)
clinical M 0.97
0 58 (91%) 20 (90%)
1 6 (9%) 2 (10%)
Grading 0.18
1 8 (13%) 1 (5%)
2 49 (76%) 14 (64%)
3 6 (9%) 5 (22%)
N.A. 1 (2%) 2 (9%)
pathological T 0.13
1 47 (74%) 19 (86%)
2 6 (9%) 0
3 11 (17%) 3 (14%)
4 0 0
INF 0.15
a 47 (73%) 20 (90%)
b 15 (24%) 2 (10%)
c 0 0
N.A. 2 (3%) 0
v 0.31
0 46 (72%) 19 (86%)
1 17 (16%) 3 (14%)
N.A. 1 (2%) 0
Tumor size (cm) 3.5 (2.23 - 5.85) 2.9 (2.23 - 4.55) 0.41
CRP (mg/dl) 0.13 (0.1-0.43) 0.1 (0.1-0.81) 0.90
LRG1 (ug/ml) 63.2 (42.8 - 94.2) 23.4 (17.7 - 29.6) <0.0001
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Fig. 2  Measurements of serum LRG1 by enzyme-linked immunosorbent assay. Serum LRG1 levels in patients with ccRCC (n = 64), non-ccRCC (n = 22), and 
those without cancer (n = 63) were compared

 

Fig. 1  Western blotting was utilized to determine if LRG1 was present in RCC serum. Transferrin was utilized as an internal control. LRG1 expression was 
markedly higher in ccRCC as compared to non-ccRCC
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Discussion
In this study, it was revealed that serum LRG1 levels were 
significantly higher in patients with ccRCC compared 

to non-ccRCC and non-cancerous patients. As previous 
research suggests that LRG1 can induce angiogenesis 
[11], the increased level of serum LRG1 in ccRCC may 
partially explain the difference in vascularity between 
ccRCC and non-ccRCC, although VEGF and PDGF are 
the major factors associated with angiogenesis in RCC 
[18]. Furukawa et al. reported that increased serum LRG1 
levels were related to the prognosis and clinical stage 
among patients with pancreatic cancer [19]. For esopha-
geal squamous cell carcinoma, a significant relationship 
between LRG1 expression and T stage, M stage, and poor 
prognosis has been reported [20], suggesting that LRG1 
is associated with the malignant potential of various 
cancers.

In recent years, several studies have highlighted the 
close association between inflammation and malignant 
potential [21]. Interleukin-6 and nuclear factor-kB have 
been shown to be representative molecules involved 
in the inflammatory response in RCC [22, 23]. CRP is a 

Table 2  The relationship between serum LRG1 level and 
clinicopahtological paramerters in ccRCC
Variables Univariable Multivariable 95% CI

p value p value
Hb 0.006 0.037 (-13.10 - -0.43)
LDH 0.647
Alb 0.008 0.620 (-23.18 - 38.53)
Ca 0.014 0.023 (3.96 - 51.94)
CRP 0.009 0.002 (4.62 - 18.34)
Platlet 0.481
NLR 0.005 0.200 (-2.26 - 10.56)
M / F 0.202
clinical T1 or 2, 3 0.015 0.959 (-34.27 - 32.57)
clinical M1 or M0 0.046 0.247 (-75.63 - 19.93)
Grade 1,2 or 3 0.002 0.032 (4.83 - 99.65)

Fig. 3  (A) ROC analysis of serum LRG1 to distinguish patients with ccRCC from those without cancer. (B) ROC analysis of serum LRG1 to distinguish pa-
tients with ccRCC from those with non-ccRCC
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well-known marker of the acute phase of the systemic 
inflammatory response. Previous studies have revealed 
that CRP level is one of the most significant factors for 
predicting poor prognosis in both mRCC, and localized 
RCC [24–30]. In the current study, CRP levels, anemia, 
hypercalcemia, and grade were independent predictors 
of increased LRG1 levels. IL-6 expression is elevated in 
RCC and induces CRP production in hepatocytes [31]. 
IL-6 has also been reported to be significantly associated 
with anemia in RCC and induce hypercalcemia [32, 33]. 
LRG1 is also upregulated in HepG2 cells by IL-6 [34]. 
Therefore, LRG1 appears to be closely associated with IL-
6-induced inflammation in RCC.

Regarding the roles of intracellular LRG1, several 
studies revealed that LRG1 regulates the TGF-β signal-
ling pathway [11, 35, 36], serving a crucial role in tumor 
development. Cummings et al. reported that LRG1 can 
bind to and inhibit cytochrome c, an essential activator 
of cell apoptosis [37]. These findings suggest that intra-
cellular LRG1 contributes to tumor growth, as previously 
described for ovarian cancer [13] and biliary tract cancer 
[38]. 

Since LRG1 was not detected in the culture media of 
ccRCC cell lines, LRG1 is considered to be released from 
non-RCC cells influenced by ccRCC, potentially contrib-
uting to angiogenesis in the ccRCC microenvironment. 
Similar to CRP production in the liver, IL-6 may induce 
the release of LRG1 from other cells [30]. Further studies 
are necessitated to identify the origin of LRG1 in the sera 
of patients with ccRCC.

Regarding diagnostic performance, the AUC of serum 
LRG1 for differentiating patients with ccRCC from non-
cancerous patients was 0.73, and the diagnostic accuracy 
was classified as good [39]. The AUC of LRG1 for differ-
entiating ccRCC from non-ccRCC was 0.91, and its diag-
nostic accuracy was classified as excellent [39]. Hence, 
LRG1 may be clinically useful for distinguishing ccRCC 
from non-ccRCC along with imaging modalities, espe-
cially when mRCC is present.

This study had a few limitations. First, the number of 
non-ccRCC patients was relatively small. Nevertheless, 
we demonstrated the excellent diagnostic accuracy of 
distinguishing ccRCC from non-ccRCC using the AUC 
[38]. Second, the effect of serum LRG1 levels on ccRCC 
prognosis could not be assessed due to insufficient 
patient numbers at each clinical stage for overall survival 
statistical analysis.

Conclusions
In conclusion, Serum LRG1 levels were higher among 
patients with ccRCC than in non-ccRCC or non-can-
cerous patients. CRP, anemia, and hypercalcemia, all of 
which are related to inflammation and, tumor grade, are 
independent predictors of serum LRG1 levels. Therefore, 

LRG1 may serve as a serum marker reflecting the inflam-
matory and malignant potential of ccRCC. Furthermore, 
the AUC of LRG1 for distinguishing ccRCC from non-
ccRCC was 0.91, indicating excellent diagnostic accuracy. 
Hence, LRG1 may be clinically useful in the differential 
diagnosis of ccRCC and non-ccRCC.
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