
Abstract. Background/Aim: α1-Acid glycoprotein (AGP), 
also known as orosomucoid, is an acute-phase protein that has 
been found increased in plasma of cancer patients. This study 
investigates the role of AGP expression in clear cell renal cell 
carcinoma (ccRCC) and its association with clinical 
outcomes. Materials and Methods: We investigated the 
correlation between AGP levels and the prognosis of ccRCC 
through an analysis of The Cancer Genome Atlas (TCGA) 
database. To examine AGP expression and its clinico-
pathological associations, immunostaining was performed on 
paraffin-embedded tissue samples of 92 ccRCC cases. Results: 
AGP expression was found to be higher in RCC cell lines 
compared to normal renal epithelial cells. Analysis of the 
TCGA dataset showed that patients with AGP gene expression 

had significantly worse overall survival. However, AGP 
expression was not correlated with age, sex, or cancer stage. 
A mouse monoclonal antibody against AGP was generated. 
This antibody reacted with human and mouse hepatocytes, but 
not in AGP-deficient mice. From 92 examined ccRCC cases, 
AGP protein expression was detected in 89 cases, with only 3 
being negative. AGP expression levels did not correlate with 
clinicopathological factors, such as age, tumor size, or 
nuclear grade. CD14, a receptor of AGP, was found to be 
expressed in Iba1-positive monocytes and tumor-associated 
macrophages (TAMs) but not in other cell types like 
lymphocytes or cancer cells. No significant correlation was 
found between AGP expression and the number of Iba1-
positive cells in ccRCC tissues. Iba1-positive cells were 
correlated with Fuhrman grade, and patients with ≥30% Iba1-
positive cells were, on average, significantly younger and had 
more aggressive tumor. Conclusion: AGP expression is linked 
to poorer survival in ccRCC, but its association with immune 
cell infiltration (via Iba1-positive cells) is unclear. 
 
Kidney cancer is the most common malignant tumor affecting 
the kidneys in adults. Renal cell carcinoma (RCC) has various 
histological subtypes, with clear cell renal cell carcinoma 
(ccRCC) being the most frequent (1, 2). Although the clinical 
outcomes for patients with early-stage ccRCC are generally 
favorable, those with metastatic ccRCC have a worse 
prognosis, with 5-year survival rates below 20% (3). Over the 
past few decades, immunotherapies, including cytokine-based 
treatments, have been explored for advanced ccRCC. Recent 
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scientific advances have highlighted the effectiveness of 
immune checkpoint inhibitors. Clinical trials have shown that 
combination immunotherapy targeting tyrosine kinase 
inhibitors and immune checkpoint molecules, such as 
programmed cell death protein 1 (PD-1) and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4), improves the 
clinical outcomes of patients with metastatic ccRCC (4-6). 

Over the past decade, the relationship between the tumor 
microenvironment and patient prognosis has been 
increasingly recognized. It is well established that numerous 
immune cells infiltrate the ccRCC microenvironment, and 
higher densities of lymphocytes and macrophages have been 
associated with poorer clinical outcomes (7, 8). Conversely, 
increased lymphocyte infiltration with tertiary lymphoid 
structure-like phenotypes has been linked to improved 
clinical outcomes (9). Tumor-associated macrophages 
(TAMs), which infiltrate tumor tissues, are associated with 
poor prognosis and treatment resistance in many cancers 
(10). The pro-tumor and immunosuppressive functions of 
TAMs have been implicated in resistance to immunotherapy. 
Recent studies suggest that targeting TREM2-positive TAMs 
with anti-TREM antibodies can reverse anti-PD-1 resistance 
in animal models (11). A clinical trial of combination therapy 
using anti-TREM and anti-PD-1 antibodies demonstrated 
clinical benefits in 29% of anti-PD-1-resistant ccRCC cases 
(12). Therefore, targeting TAMs may be beneficial for 
patients with immunotherapy-resistant ccRCC. 

Several factors, such as C-reactive protein (CRP) and the 
neutrophil-to-lymphocyte ratio (NLR), have been identified as 
prognostic markers in various cancers. Elevated CRP and 
NLR have been suggested as biomarkers for predicting 
resistance to anti-PD-1 therapy in RCC patients (12, 13). CRP, 
an acute-phase protein produced by the liver and released into 
the bloodstream, is considered a clinicopathological marker of 
systemic inflammation and immune activation (14). These 
proteins may show increased or decreased levels in the blood. 
Elevated levels of acute-phase proteins are commonly 
observed in patients with inflammatory diseases and 
malignancies (15). α1-Acid glycoprotein (AGP), also known 
as orosomucoid, is another acute-phase protein present in 
plasma. AGP levels can increase 2-5 times (1-2.5 mg/ml 
compared to the normal 0.5 mg/ml) in response to 
inflammation and various tumors, including lung cancer, 
hepatocellular carcinoma, and melanoma (16). 

Although there exist some reports on the relationship 
between CRP and ccRCC, no studies have demonstrated a 
link between AGP and ccRCC. In the present study, we 
identified AGP gene expression in ccRCC tissues and found 
that AGP expression was associated with worse clinical 
outcomes based on statistical analysis using the Human 
Protein Atlas database (https://www.proteinatlas.org/). We 
subsequently developed a novel anti-AGP mouse monoclonal 
antibody and tested AGP expression in 92 cases of ccRCC. 

Materials and Methods 
 
Animals. C57BL/6N (wild type, CLEA JAPAN) and AGP-deficient 
mice [C57BL/6N-Orm2tm1(KOMP)Vlcg/Mmucd, RRID: MMRRC_ 
048914-UCD] sperm was purchased from Knockout Mouse Project 
(KOMP) Repository, UC Davis, USA. Mice were kept in a 12 h 
light/dark cycle (light from 07:00 to 19:00) at a room temperature 
of 22˚C±2˚C, with free access to food and water. The Animal Care 
and Use Committee of Kumamoto University approved our protocols 
for animal experiments (approval No.: #A2019-015) and all methods 
were performed in accordance with the relevant guidelines and 
regulations. 
 
The Cancer Genome Atlas (TCGA) database analysis. A total of 526 
full RNAseq matrices and clinical data for ccRCC were downloaded 
from the TCGA database. Data analyses were performed using 
Prism (GraphPad Software, San Diego, CA, USA).  
 
Cell lines and real-time PCR analysis of AGP. We utilized RCC cell 
lines (786-O, ACHN, and MAMIYA) as well as immortalized renal 
proximal tubular epithelial cells (RPTEC). Total RNA was extracted 
from the cells using RNAiso Plus (Takara Bio, Shiga, Japan). 
Quantitative real-time PCR (qRT-PCR) was performed using TB 
Green Premix Ex Taq II (Takara Bio) on an Applied Biosystems 
7300 Real-Time PCR System (Applied Biosystems, Tokyo, Japan). 
At least three biological replicates were analyzed, with expression 
levels calculated from a minimum of two technical replicates. 
mRNA expression levels were quantified using the 2ΔΔCt method 
and normalized to β-actin mRNA levels. All primers were pre-
designed and obtained from Takara Bio (Shiga, Japan). 
 
Generation of mouse monoclonal antibody against AGP. Human 
AGP protein (100 μg, WAKO, Tokyo, Japan), mixed with TiterMax 
Gold (TiterMax, Norcross, GA, USA), was injected intraperitoneally 
into AGP-deficient mice. Splenocytes were subsequently fused with 
NS-1 myeloma cells using PEG1500 (Roche, Munich, Germany). 
Hybridoma cells were selected in RPMI medium containing 10% 
FBS, HAT (Sigma, St. Louis, MO, USA), and 1% BM-Condimed 
(Roche). Antibody screening was performed via ELISA using 
human AGP-coated multi-well plates and immunohistochemistry on 
human liver tissue. Mouse liver tissue from wild-type and AGP-
deficient mice was also used in the screening process. Clone No. 45 
was selected as the anti-AGP monoclonal antibody. The 
immunoglobulin class of this clone was determined to be IgG1 with 
a ĸ chain (Immunoglobulin Isotyping Kit, Antagen Biosciences, 
Inc., Canton, MA, USA). 
 
Immunohistochemical (IHC) analysis. Paraffin-embedded tissue 
samples from 92 ccRCC patients, diagnosed at Kumamoto 
University Hospital between 2019 and 2022, were collected and 
reviewed by two experienced pathologists. Specimens were 
sectioned into 3-μm slices. The primary antibodies used were anti-
AGP, anti-Iba1 (clone NSNP27; Wako, Tokyo, Japan), and anti-
CD14 (clone 4B4F12; Abcam, Cambridge, UK). Samples were 
incubated with peroxidase-labeled goat anti-mouse or rabbit 
secondary antibodies (anti-mouse, #424132, and anti-rabbit, 
#424142; Histofine, Nichirei Biosciences, Tokyo, Japan). 
Immunoreactions were visualized using a diaminobenzidine 
substrate kit (#425011; Nichirei Biosciences) and Simple Stain AEC 
Solution (#415182; Nichirei Biosciences). 
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AGP positivity in cancer cells was categorized into four groups 
based on the area of positive staining: score 0 (none), score 1 
(<10%), score 2 (10%-50%), and score 3 (>50% positive) 
[proportion score]. Additionally, staining intensity was classified 
into four groups: score 0 (negative), score 1 (weak), score 2 
(intermediate), and score 3 (strong) [intensity score]. These two 
scores were combined to obtain the total AGP score. Iba1-positive 
cells were counted in three randomly selected, non-overlapping 
high-power fields (200× magnification) within tumor areas free 
from necrosis and hemorrhage, using Halo software (Visualix, 
Hyogo, Japan). Two experienced investigators (T.A. and Y.K.), 
blinded to the patients' clinical characteristics and outcomes, 
independently evaluated all immunostained sections. 
 
Single cell RNA-sequence. The analysis of scRNA-seq data was 
conducted in R using the Seurat package. Data from 30 primary 
ccRCC cases were obtained from the following datasets: 
GSE159115 (n=7) (17), GSE152938 (n=2) (18), GSE171306 (n=2) 
(19), and GSE207493 (n=19) (20). The analytical methods followed 
those described in a previous report (21). 
 
Statistical analyses. Prism (GraphPad Software, San Diego, CA, 
USA) was used to perform the statistical analyses. 
 
Ethical approval. The study was approved by the Institutional 
Review Board of Kumamoto University (#2059) and conducted in 
accordance with the Declaration of Helsinki.  
 
Consent to participate. Patient consent for inclusion in this study 
was waived by the Institutional Review Board of Kumamoto 
University (#2059, #1169). 
 
Approval for animal experiments. All procedures were carried out in 
accordance with the relevant guidelines and regulations. All animal 
procedures were planned according to the Animal Research: Reporting 
of In Vivo Experiments (ARRIVE) guidelines and were approved by the 
Animal Research Committee at Kumamoto University (#A2019-015). 
 
Consent for publication. Informed consent for publication was 
obtained from the relevant participants. 

Results 
 
AGP expression was associated to worse clinical course in 
ccRCC. First, we assessed AGP gene expression in three RCC 
cell lines (786-O, ACHN, and MAMIYA) and in immortalized 
renal proximal tubular epithelial cells (RPTEC). AGP gene 
expression was significantly higher in the RCC cell lines 
compared to its expression in RPTEC (Figure 1A). Next, we 
examined the relationship between AGP expression and 
clinicopathological factors using the TCGA dataset obtained 
from the ProteinAtlas database (https://www.proteinatlas.org/). 
The analysis revealed that overall survival was significantly 
worse in ccRCC cases with AGP gene expression compared to 
cases without AGP gene expression (Figure 1B). However, no 
significant correlation was found between AGP gene expression 
and other factors, such as age, sex, or clinical stage. 
 
Generation of anti-AGP mouse monoclonal antibody, and the 
expression of AGP in ccRCC. Next, we aimed to develop a 
monoclonal antibody against AGP to evaluate its protein 
expression in ccRCC. Human recombinant AGP was used to 
immunize mice, as detailed in the materials and methods 
section. Several clones were generated using an ELISA assay 
with a human AGP-coated plate, and one clone was selected 
based on immunohistochemistry (IHC) performed on human 
liver tissue. This clone demonstrated reactivity with both 
human and mouse hepatocytes in paraffin-embedded liver 
tissue, while no reactivity was observed in the hepatocytes 
of AGP-deficient mice (Figure 2A). 

IHC for AGP was subsequently performed on surgically 
resected ccRCC specimens. Given the heterogeneous nature of 
AGP expression, the IHC score was calculated based on both 
the positive staining area and staining intensity, as described in 
the materials and methods section. Representative intensity 
scores for AGP are presented in Figure 2B. Of the 92 cases, 
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Figure 1. Gene expression of AGP in RCC. (A) AGP mRNA expression was tested by real-time PCR in immortalized renal tubular cell line and RCC 
cell lines. (B) The Kaplan-Meier survival analysis of The Cancer Genome Atlas (TCGA) database compared the overall survival between AGP 
mRNA (+) ccRCC cases and AGP mRNA(–) ccRCC cases. AGP: α1-Acid glycoprotein; RCC: renal cell carcinoma.



only 3 were negative for AGP, while AGP expression was 
detected in the remaining 89 cases (Figure 2C). The correlation 
between AGP expression scores and clinicopathological factors 
was assessed; however, no significant association was found 
between AGP scores and factors, such as age, sex, nuclear 
grade, T stage, tumor size, or serum CRP levels (Table I). 

CD14, a receptor of AGP, was expressed in Iba1-positive 
monocyte and TAMs. It is well established that CD14 
functions as a receptor for AGP, and AGP-CD14 signaling 
facilitates the protumor activation of tumor-associated 
macrophages (TAMs) (16). Consequently, CD14 gene 
expression was analyzed using published single-cell RNA 
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Figure 2. AGP protein expression in ccRCC. (A) To examine AGP protein expression in ccRCC, we generated an anti-AGP antibody. Positive 
reactivity to human and murine hepatocytes was presented. (B) AGP IHC was carried out on surgically resected ccRCC specimens. Given the 
heterogeneous expression of AGP, the IHC score was determined by assessing both the positive staining area and staining intensity. (C) AGP 
expression was detected in 89 out of 92 cases, with only 3 cases showing no AGP expression. AGP: α1-Acid glycoprotein; ccRCC: clear cell renal 
cell carcinoma; IHC: immunohistochemical analysis.



sequencing data, as detailed in the materials and methods 
section. CD14 expression was identified in AIF1 (Iba-1) and 
CD68-expressing monocytes and TAMs, whereas no CD14 
expression was detected in other cell lineages, including 
lymphocytes, dendritic cells, cancer cells, endothelial cells, 
or fibroblasts (Figure 3A-C). 
 
There was no significant correlation between the AGP 
expressions and Iba1-positive cells. In the final phase, 
immunohistochemistry (IHC) for Iba-1 was performed on 
ccRCC tissue samples, and the percentage of Iba1-positive 
cells relative to the total cell population was quantified using 
HALO software (Figure 4A and B). We subsequently analyzed 
the correlation between the density of Iba1-expressing cells and 
AGP expression in ccRCC. However, no significant association 
was identified between the percentage of Iba1-expressing cells 
and AGP expression (Figure 4C). 

Next, the relationship between Iba1-positive cells and 
clinicopathological factors was assessed (Table II). Iba1-
positive cells were found to correlate with Fuhrman grade, 
and patients with ≥30% Iba1-positive cells were, on average, 
significantly younger compared to those with <30% Iba1-
positive cells (Figure 4D, Table II). 
 
Discussion 
 
Recent studies have demonstrated that cancer development 
and progression are influenced not only by genetic mutations 
within cancer cells, but also by interactions between cells 

within the tumor microenvironment. Among these cell types, 
tumor-associated macrophages (TAMs) are highly abundant 
in tumor tissues, and their numbers increase with tumor 
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Table I. Clinicopathological factors and AGP expression in enrolled cases. 
 
                                                        Total                                                                     AGP expression                                                                     p-Value 
 
                                                                             Score 0         Score 1         Score 2         Score 3          Score 4         Score 5         Score 6                 
 
Age (Average)                                                                                                                                                                                               
  <66                                                  40                    0                   0                    9                   14                   13                 4                    0                  0.45 
  ≥66                                                  52                    3                   0                    7                   17                   18                 7                    0                      
Sex                                                                                                                                                                                                                                       
  Male                                                64                    3                   0                  10                   23                   21                 7                    0                  0.69 
  Female                                            28                    0                   0                    6                     8                   10                 4                    0                      
Fuhrman grade                                                                                                                                                                                              
  G1-2                                                55                    2                   0                    7                   21                   19                 6                    0                  0.60 
  G3-4                                                37                    1                   0                    9                   10                   12                 5                    0                      
T stage                                                                                                                                                                                                                                 
  T1-2                                                75                    1                   0                  12                   27                   25               10                    0                  0.17 
  T3-4                                                17                    2                   0                    4                     4                     6                  1                    0                      
Tumor size (mm) (Average)                                                                                                                                                                         
  <35.5                                               65                    2                   0                  12                   22                   21                 8                    0                  0.99 
  ≥35.5                                               27                    1                   0                    4                     9                   10                 3                    0                      
CRP (Average)                                                                                                                                                                                              
  <0.07                                               34                    1                   0                    4                   11                   15                 3                    0                      
  ≥0.07                                               58                    2                   0                  12                   20                   16                 8                    0                  0.52 
 
AGP: α1-Acid glycoprotein; CRP: C-reactive protein.

Table II. Clinicopathological factors and Iba1 expressions in enrolled cases. 
 
                                         Total         % Iba1 Positive cells          p-Value 
 
                                                           <30%              ≥30%                   
 
Mean age (range)                                                             
                                           92             68.2                 63.1               0.04 
Sex                                                                                                         
  Male                                 64             45                    19                  0.41 
  Female                             28             22                      6                       
Fuhrman grade                                                                 
  G1-2                                 55             45                    10                  0.02 
  G3-4                                 37             22                    15                       
T stage                                                                                                   
  T1-2                                 75             53                    22                  0.23 
  T3-4                                 17             14                      3                       
Tumor size (mm)                                                             
  <30                                   52             31                    14                  0.41 
  ≥30                                   40             36                    11                       
CRP                                                                                                        
  <0.07                                34             24                    10                       
  ≥0.07                                58             43                    15                  0.71 
AGP total score                                                               
  0-3                                    50             34                    16                  0.26 
  4-5                                    42             33                      9                       

 
AGP: α1-Acid glycoprotein; CRP: C-reactive protein.



growth and severity. Previous research has shown that α1-
acid glycoprotein (AGP) can induce the expression of PD-
L1, an immune checkpoint molecule, in macrophages, thus 
highlighting its role in TAM-mediated tumor progression 
within the tumor microenvironment (16). 

AGP is primarily produced by hepatocytes but is also 
expressed in various other cell types. Analysis of ccRCC 
cases from the TCGA database revealed a correlation 
between elevated AGP expression and poor prognosis. 
Consequently, we developed an anti-AGP antibody and 
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Figure 3. Single-cell RNA-sequence data of ccRCC cases. (A) UMAP plot of the 137,233 single cells from 30 primary ccRCC tissues. The cells are 
clustered into 17 cell types as indicated in the legend. (B) UMAP plot of the expression of CD14 was presented. (C) UMAP plots of the expression 
of AIF1(Iba-1), CD68, CD163, MSR1(CD204), MRC1(CD206), APOE, C1QA, TREM2, S100A9, FCN1, CD1C, CLEC10A were showed. ccRCC: 
Clear cell renal cell carcinoma.



performed immunohistochemical staining, confirming its 
efficacy. Although AGP expression in renal cell carcinoma 
is generally low, our findings revealed that AGP is frequently 
present in human ccRCC specimens. However, due to the 
recent nature of the cases examined in this study, we were 
unable to assess the relationship between AGP expression 
levels and patient survival rates. 

Previous studies have indicated that AGP-mediated 
induction of PD-L1 and secretion of IL-6 are regulated 
through its binding to CD14, a known co-receptor of TLR4. 
It has been reported that elevated AGP levels in cancer 
promote tumor progression by inducing immune suppression 

and enhancing cancer cell proliferation via CD14/TLR4 
signaling in TAMs. This study further demonstrated that AGP 
contributes to the tumor-promoting activity of TAMs through 
CD14 signaling. AGP receptors include CD14, a marker for 
monocytes and macrophages, as well as TLR4 co-receptor and 
CCR5, a chemokine receptor (16, 22). CD14-neutralizing 
antibodies significantly inhibited STAT1 activation and PD-
L1 expression in AGP-induced macrophages, as well as 
STAT3 activation and IL-6 production, indicating that 
CD14/TLR4 serves as a receptor for AGP and plays a critical 
role in macrophage function. In patients with RCC, CD14 was 
detected on nearly all Iba1/CD68-positive TAMs and 
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Figure 4. The association between Iba-1-positive macrophages and AGP in ccRCC cases. (A) IHC for Iba-1 was conducted on ccRCC tissue, and 
the percentage of Iba1-positive cells among the total cell population was calculated using HALO software. In the HALO software, Iba1-positive 
cells are highlighted in yellow. Representative two cases of IHC for Iba-1 and analysis using HALO software were presented. (C) The relationship 
between the density of Iba1-expressing cells and AGP expression in ccRCC was analyzed. (D) Patients with more than 30% Iba1-positive cells have 
a significantly younger average age. AGP: α1-Acid glycoprotein; ccRCC: clear cell renal cell carcinoma; IHC: immunohistochemical analysis.



monocytes. Although no correlation was observed between the 
density of Iba1/CD68-positive cells and AGP expression, this 
does not account for their activation state, warranting further 
analysis to explore this relationship. 

RCC is a unique cancer compared to other carcinomas, as it 
appears capable of absorbing various molecules from the serum 
into cells. It has been reported that the soluble form of CD163 
is elevated in the cancer microenvironment and can be taken 
up by cancer cells via an unidentified receptor, with sCD163 
subsequently being observed within cancer cells (23). 
Therefore, it is possible that the AGP-positive findings in renal 
cell carcinoma result from the uptake of AGP from the serum, 
and we plan to investigate the relationship between serum AGP 
levels and tumor AGP expression in future research. 

In summary, we successfully developed an anti-AGP 
antibody suitable for immunohistochemistry in paraffin-
embedded sections and evaluated AGP expression in ccRCC. 
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