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Abstract. The present study aimed to investigate the asso‑
ciation between the concentrations of CD68, TGF‑β1, renal 
injury index and prognosis in glomerular diseases. Altogether 
218 patients with glomerular diseases admitted to Weifang 
People's Hospital from January, 2014 to March, 2017 were 
used as the study group. A total of 100 healthy individuals who 
visited Weifang People's Hospital for a physical examination 
during the same time period were used as the control group. 
The levels of CD68 in peripheral blood obtained from the 
2 groups of subjects were detected by flow cytometry, and the 
expression of TGF‑β1 in serum was detected by enzyme‑linked 
immunosorbent assay (ELISA). The concentrations of CD68 
and TGF‑β1 between the 2  groups were compared. The 
correlation between the concentrations of CD68, TGF‑β1 and 
renal injury indexes in the study group was analyzed, as well 
as prognostic significance. The diagnostic value of CD68 and 
TGF‑β1 in patients with glomerular disease was analyzed 
using a ROC curve, and the recovery of the patients was 
observed. The serum concentrations of CD68 and TGF‑β1 in 
the study group were higher than those in the control group 
(P<0.05). The concentrations of CD68 and TGF‑β1 in the 
study group positively correlated with the renal injury indexes, 
such as blood urea nitrogen (BUN), serum creatinine (SCR), 
uric acid (UA) and the 24‑h urinary protein quantity (P<0.05). 
ROC curve analysis revealed that the area under the curve of 
CD68 and TGF‑β1 as regards the diagnostic value in patients 
with glomerular disease was 0.808 and 0.738, respectively, 
while the area under the combined detection curve was 
0.866. Multivariate unconditional logistic regression analysis 
revealed that the clinical classification and the concentrations 
of CD68 and TGF‑β1 were independent prognostic factors 
in the study group. On the whole, the findings of the present 
study demonstrate that clinical classification, and the CD68 
and TGF‑β1 concentrations are independent prognostic factors 

for patients with glomerular disease. CD68 and TGF‑β1 have 
certain value in the diagnosis of glomerular diseases, and may 
thus be used as predictors of the diagnosis and recovery of 
glomerular disease.

Introduction

Glomerular disease affects both kidneys (1), and is mainly 
caused by primary glomerulopathy (2). Glomerular disease 
is the main cause of chronic renal failure, which requires 
dialysis or renal transplantation to improve the quality of 
life in patients with end‑stage renal disease (3). At present, 
renal biopsy is the main strategy used to evaluate glomeru‑
lopathy (4). In very few and specific cases, patients with poor 
renal function and a lower platelet count suffer from severe 
serious bleeding following renal biopsy  (5), and in such 
cases, renal biopsies are not suitable. Thus, the identifica‑
tion of a novel method with which to diagnose glomerular 
disease more conveniently and at an earlier stage is urgently 
required in clinical practice, which may provide information 
for clinical treatment. The current developments in genomics, 
epigenetics, transcriptomics, proteomics and metabolomics 
suggest that the introduction of novel technologies mat aid in 
the identification of novel biomarkers for kidney disease; the 
diagnosis of chronic kidney disease is usually based on the 
levels of blood urea and serum creatinine (sCr); however, it 
has been proven that sCr lacks a high predictive value (6). In 
the study by Ling et al (7), urinary CD80 levels were used as 
non‑invasive diagnostic biomarkers, which is important for the 
early diagnosis of nephrotic syndrome, suggesting that a better 
biological indicator could be found.

Monocytes/macrophages are defense cells which origi‑
nate in mesoblasts and play important roles in immune and 
non‑immune functions (8). When glomerulonephritis occurs, 
mononuclear/macrophage infiltration can be found in renal 
tissue (9), which reflects the degree of glomerular disease 
to a certain extent. CD68 is a cell‑pulp glycoprotein with 
a relative molecular mass of 110,000, which is associated 
with lysosomal particles and is the most reliable marker 
for macrophages  (10). The transforming growth factor‑β 
(TGF‑β) plays an important role in the pathophysiological 
processes of tumor (11) and cardiovascular disease (12) in a 
group of newly discovered TGF‑β superfamily that regulate 
cell growth and differentiation. TGF‑β1 is an important 
cytokine in the process of glomerulosclerosis  (13) and 
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tubule fibrosis (14), which can be regarded as a marker of 
inflammation.

The aim of the present study was to determine whether 
the concentrations of CD68 and TGF‑β1 in patients with 
glomerular disease can be used as clinical diagnostic indexes 
for glomerular diseases, which may provide a reference for the 
diagnosis and treatment of glomerular diseases.

Patients and methods

General materials. A total of 218 patients with glomerulopathy 
diagnosed at Weifang People's Hospital from January, 2014 to 
March, 2017 were used as the study group, including 132 males 
and 86 females, aged 33 to 64 years. In addition, blood was 
collected from 100 healthy individuals who underwent a 
physical examination at the same hospital and during the same 
time period. These healthy individuals were enrolled as the 
control group, and included 66 males and 34 females, aged 
25 to 65 years. The present study was approved by the Ethics 
Committee of Weifang People's Hospital, and all the research 
subjects have signed the informed consent forms.

Inclusion and exclusion criteria. The inclusion criteria were as 
follows: The diagnosis was made was in accordance with the 
criteria for the diagnosis of glomerular disease (15); patients 
were treated at Weifang People's Hospital, and were aged 
between 18 to 70 years; patients were to have had a primary 
school or higher education; patients who cooperated with 
the research protocol; patients had to be without any serious 
diseases in other organs. All subjects or their immediate fami‑
lies signed the informed consent forms. 

The exclusion criteria were as follows: Death during 
treatment; patients with respiratory or blood system diseases; 
patients with mental diseases and speech dysfunction; preg‑
nant or lactating women; patients who had recently been 
treated with immunosuppressive agents and hormone drugs.

Detection of CD68 and TGF‑β1 in serum. Peripheral blood 
samples were collected from the subjects in the 2 groups 
in vacuum blood collection tubes in the morning, and were 
separated into two parts. One part of the blood was separated 
by centrifugation at 1,505 x g at 4˚C for 10 min. The upper 
serum was put into the ‑80˚C refrigerator for testing. The level 
of serum TGF‑β1 was detected by ELISA in strict accordance 
with the kit instructions (SND‑H035; Chuzhou Shinuoda 
Biological Technology Co., Ltd.). 

The other part was for CD68 detection. Following the dilu‑
tion of an equal volume of phosphate‑buffered saline solution, 
peripheral blood mononuclear cells (PBMCs) were obtained 
by density gradient centrifugation using human lymphocyte 
separation solution. The concentration of the cells was adjusted 
to 2x106/ml with RPMI‑1640 medium (cat. no. CDLG‑5404; 
ChunduBio). The cells were inoculated in a 24‑well culture 
plate and then added with the stimulant, phorbol myristate 
acetate (50 µg/l), ionomycin (1 µmol/l) and the protein trans‑
port inhibitor, monensin (50 µg/l). The mixture was mixed 
and cultured in a 5% CO2 cell incubator at 37˚C for 4 h. The 
cells were collected and divided into experimental tubes and 
control tubes equally. This was followed by the addition of 
4  µl FITC‑labeled mouse anti‑human CD68 monoclonal 

antibody (bs‑20402r; Bioss), incubation at 4˚C in the dark for 
30 min, and washing twice with PBS. The fixative was main‑
tained at room temperature for 20 min, and then centrifuged 
at 1,505 x g at 4˚C. The supernatant was then discarded, and 
washed twice with PBS. Subsequently, 1 ml of rupture agent 
(EY‑24882; Shanghai Institute of Biotechnology Co., Ltd.) was 
added to each tube for cell puncturing to facilitate the entry 
of cytokine monoclonal antibody (Shanghai Qunji Biological 
Technology Co., Ltd., MAB11128) into the cells. Following 
centrifugation 1,505 x g at 4˚C for 10 min, the supernatant 
was discarded, and intracellular cytokine staining at 4˚C for 
30 min was performed. CD68‑postivie cells were detected by 
flow cytometry (BD FACSAria™ III sorter; BD Biosciences). 

Observation of renal injury index. The examination of renal 
injury indexes was observed in the 2 groups. The indexes 
of renal injury included blood urea nitrogen (BUN), serum 
creatinine (SCR), glycosylated albumin (GA), glycosylated 
hemoglobin (HbA1c) and 24‑h urinary protein quantity.

Observation index. The clinical data of the patients were 
recorded and analyzed, including renal injury indicators, such 
as blood urea nitrogen (BUN), serum creatinine (SCR), uric 
acid (UA), 24‑h urine protein quantity, white blood cell count 
(WBC) and platelet count (PC).

Statistical analysis. SPSS v24.0 software (Yuchuang Network 
Technology Co., Ltd.) was used to calculate all experimental 
results. Graphpad8 software (Softhead Inc.) was used to plot 
figures and examine the results again. The counting data were 
represented in the form of rate. The Chi‑square test was used 
for comparison between groups. The measurement data are 
expressed as the means ± standard deviation. The t‑test was 
used for comparisons between groups. Repeated measures 
analysis of variance was used for comparisons of multiple 
time points in the group, followed by Bonferroni's correction. 
Correlation analysis was performed using Spearman's correla‑
tion analysis. A value of P<0.050 was considered to indicate a 
statistically significant difference between groups.

Results

General characteristics of the 2 groups. No significant 
differences were observed in age, sex, BMI, medical history, 
marital status, smoking history and alcohol consumption 
history between the study group and the control group 
(P>0.050), which proved that the 2 groups of patients were 
comparable (Table I).

Comparison of the CD68 and TGF‑β1 concentration in serum 
between the 2 groups. Compared with the control group, 
the expression of CD68 in the study group was significantly 
increased (P<0.05). The concentration of TGF‑β1 in the study 
group was 12.36±4.41 pg/ml, which was higher than that in the 
control group (9.25±3.56 pg/ml) (P<0.05; Fig. 1). 

Comparison of the renal injury index concentration between 
the 2 groups. The levels of BUN, SCR and UA and the 24‑h 
urinary protein quantity in the study group were significantly 
higher than those in the control group (P<0.05; Table II).
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Correlation analysis of CD68 and TGF‑β1 with renal injury 
indexes in the study group. The serum levels of CD68 in the 
study group positively correlated with the BUN (r=0.647; 
95% CI, 0.56‑0.72; R2=0.419; P<0.001), SCR (r=0.605; 
95% CI, 0.51‑0.68; R2=0.367; P<0.001) and UA (r=0.497; 

95% CI, 0.39‑0.59; R2=0.247; P<0.001) levels, and with the 
24‑h urinary protein quantity (r=0.697; 95% CI, 0.62‑0.76; 
R2=0.486; P<0.001; Fig. 2).

The level of TGF‑β1 in serum of the study group also posi‑
tively correlated with the BUN (r=0.376, 95% CI, 0.26‑0.48; 
R2=0.142; P<0.001), SCR (r=0.513; 95% CI, 0.41‑0.60; R2=0.263; 
P<0.001) and UA (r=0.534; 95% CI, 0.43‑0.62; R2=0.285; 
P<0.001) levels, and with the 24‑h urinary protein quantity 
(r=0.379; 95% CI, 0.26‑0.49; R2=0.144; P<0.001; Fig. 3).

Diagnostic efficacy of CD68 and TGF‑β1 on glomerular 
diseases. ROC curve analysis revealed that the area under 
the curve of CD68 was 0.808, and the cut‑off value was 
8.606, with a sensitivity of 63.76% and specificity of 89.00%. 
The area under the curve of TGF‑β1 was 0.738, and the 
cut‑off value was 9.881 pg/ml, with a sensitivity of 74.31% 
and specificity of 62.00%. The area under the curve of CD68 
and TGF‑β1 combination was 0.866, and the cut‑off value 
was 0.308, with a sensitivity of 76.15% and specificity of 
84.00% (Fig. 4).

Univariate alysis of the association between patient 
characteristics and renal function. According to the remis‑
sion of renal function, the patients were divided into the 
renal function remission group (139  cases, 63.76%) and 
renal function non‑remission group (79 cases, 36.24%). The 
clinical data of the 2 groups were collected and analyzed 
using by univariate analysis using the Chi‑squared test or 
t‑test. It was found that there was no difference in sex, BMI, 
medical history, smoking history and alcohol consumption 
history between the 2 groups (P>0.05); however, a significant 

Table I. Comparison of the clinical data.

Index	 Study group (n=218)	 Control group (n=100)	 χ2 or test	 P‑value

Age (years)	 47.29±5.38	 46.71±6.17	 0.852	 0.395
Sex, n (%)			   0.867	 0.352
  Male	 132 (60.55)	 66 (66.00)		
  Female	 86 (39.45)	 34 (34.00)		
BMI (kg/m2)	 23.47±1.81	 23.34±1.93	 0.582	 0.561
Medical history, n (%)				  
  Hypertension	 48 (22.02)	 25 (25.00)	 0.347	 0.557
  Diabetes mellitus	 45 (20.64)	 19 (19.00)	 0.009	 0.927
  Hyperlipemia	 37 (16.97)	 17 (17.00)	 0.162	 0.688
Marital status, n (%)			   0.301	 0.583
  Married	 173 (79.36)	 82 (82.00)		
  Unmarried	 45 (20.64)	 18 (18.00)		
Smoking history, n (%)			   0.284	 0.594
  Yes	 129 (59.17)	 56 (56.00)		
  No	 89 (40.83)	 44 (44.00)		
Alcohol consumption, n (%)			   0.341	 0.559
  Yes	 121 (55.50)	 59 (59.00)		
  No	 97 (44.50)	 41 (41.00)		
Leukocytes 1x109/l)	 12.84±4.46	 5.35±1.38	 16.421	 <0.001
Blood platelet count (1x109/l)	 225.17±66.94	 213.38±67.89	 1.452	 0.147

Figure 1. Comparison of CD68 and the TGF‑β1 concentration in serum 
between the 2 groups. (A) Comparison of the concentration of CD68; *P<0.05. 
(B) Comparison of the concentration of TGF‑β1 *P<0.05.
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difference was observed in clinical classification, and in the 
levels of CD68 and TGF‑β1 between the 2 groups (P<0.05; 
Table III).

Multivariate analysis of the prognosis of renal function. 
The indicators with differences in univariate analysis into 
the assignment (the assignment information is presented 
in Table IV). The results of multivariate logistic regression 
analysis with LR revealed that oliguria, clinical classification, 
and the CD68 and TGF‑β1 levels were prognostic factors of 
renal function in patients (P<0.05; Table V).

Discussion

Renal glomerular disease leads to earlier and severer damage 
to glomerular function before it affects renal tubular func‑
tion (16). Glomerular disease has a severe impact on the quality 

of life of patients, and poses a heavy burden on the health 
care system (17). It is generally considered that the immune 
mechanism is the initiating mechanism of glomerulopathy. 
On this basis, inflammatory mediators (18) and complement 
activation (19) function together to induce the occurrence and 
development of the disease. At present, the main methods of 
the clinical diagnosis of glomerulopathy are the observation 
of the clinical manifestations of patients and renal biopsy. 
However, renal biopsy can cause side‑effects, such as pain 
and anxiety (20); thus, it is crucial to evaluate the degree of 
renal injury by evaluating the process of renal disease more 
conveniently and quickly.

The CD68 molecule is an important surface marker of 
macrophages, which is often used for macrophage identifi‑
cation and functional analysis (21). At present, it has been 
confirmed that CD68 is closely related to non‑small cell 
lung cancer  (22) and colorectal adenoma  (23); however, 

Table II. Comparison of the concentrations of renal injury indexes between the two groups.

Index	 Study group (n=218)	 Control group (n=100)	 t value	 P‑value

BUN (mmol/l)	 13.39±3.52	 4.36±2.48	 23.141	 <0.001
SCR (µmmol/l)	 521.49±24.38	 76.29±25.23	 149.521	 <0.001
UA (µmol/l)	 481.46±31.85	 279.39±29.49	 53.753	 <0.001
24‑h urinary protein quantity (mg/24 h)	 190.38±19.48	 76.39±15.49	 51.512	 <0.001

Figure 2. Correlation analysis of CD68 with renal injury indexes in the study group. (A) Correlation analysis of CD68 level and BUN level in the study group. 
(B) Correlation analysis of CD68 and SCR level in the study group. (C) Correlation analysis of CD68 level and UA level in the study group. (D) Correlation 
analysis of CD68 level and 24‑h urinary protein quantity in the study group. BUN, blood urea nitrogen; SCR, serum creatinine; UA, uric acid. 
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there is a lack of research on the correlation between CD68 
and glomerulopathy. In the present study, the concentra‑
tion of CD68 in the serum of the study group and the 

control group revealed that the concentration of CD68 in 
the study group was significantly increased and positively 
correlated with the concentration of renal injury indexes, 

Figure 4. (A) ROC curve of CD68 level in the diagnosis of glomerular disease. (B) ROC curve of the TGF‑β1 level in the diagnosis of glomerular disease. 
(C) ROC curve of CD68 and TGF‑β1 in combination for the diagnosis of glomerular disease.

Figure 3. Correlation analysis of the TGF‑β1 level with renal injury indexes in the study group. (A) Correlation analysis of the TGF‑β1 level and the BUN level 
in the study group. (B) Correlation analysis of the TGF‑β1 level and the SCR level in the study group. (C) Correlation analysis of the TGF‑β1 level and the 
UA level in the study group. (D) Correlation analysis of the TGF‑β1 level and the 24‑h urinary protein quantity in the study group. BUN, blood urea nitrogen; 
SCR, serum creatinine; UA, uric acid. 



SUN et al:  CD68, TGF-β1 AND RENAL INJURY INDEX IN GLOMERULAR DISEASES6

suggesting that CD68 may be related to the occurrence 
of glomerular diseases. Dias et al found that CD68 was 
associated with the progression of chronic kidney disease 
in 50  patients with proliferative LN by immunohisto‑
chemical analysis (24). Guillén‑Gómez et al found that a 
large number of CD68‑positive cells in the kidneys were 
negatively associated with long‑term renal function (25), 
which was consistent with the results of the present study. 
TGF‑β is a 25 kDa homodimer prototype of the protein 
family that regulate cell growth and differentiation, which 

can stimulate and inhibit cell growth, and is considered to 
be the main switch in the pathogenesis of organ fibrosis (26). 
Renal fibrosis is a common pathological feature of almost all 
types of chronic renal diseases, which is closely related to 
the decline of renal function (27). Renal fibrosis is mainly 
caused by the formation of tissue scar by activating TGF‑β1/
Smads signaling pathway  (28). The association between 
TGF‑β1 and the process of glomerular disease is not yet 
clear. In the present study, the concentration of TGF‑β1 in 
patients with glomerular disease was significantly higher 

Table IV. Assignment of factors.

Factor	 Assignment

Oliguresis	 Yes, 1; no, 0
Clinical classification	 Glomerular nephritis, 1; hematuria or proteinuria, 2; nephrotic syndrome, 3
CD68	 Data are continuous variables using the original data analysis
TGF‑β1	 Data are continuous variables using the original data analysis
Remission of renal function	 Remission, 1; non‑remission, 0

Table III. Univariate analysis.

	 Renal function remission	 Renal function non‑remission	
Factor 	 group (n=139)	 group (n=79)	 χ2 or test	 P‑value

Age (years), n (%)			   0.156	 0.693
  ≥55	 86 (61.87)	 51 (64.55)		
  ≥55	 53 (38.13)	 28 (35.44)		
Sex, n (%)			   0.002	 0.962
  Male	 84 (60.43)	 48 (60.76)		
  Female	 55 (39.57)	 31 (39.24)		
BMI (kg/m2)	 23.55±1.34	 23.46±1.50	 0.456	 0.648
Medical history, n (%)				  
  Hypertension	 25 (12.85)	 23 (29.11)	 3.633	 0.057
  Diabetes mellitus	 29 (20.86)	 16 (20.25)	 0.011	 0.915
  Hyperlipemia	 24 (17.26)	 13 (16.46)	 0.023	 0.878
Smoking history, n (%)			   1.486	 0.223
  Yes	 78 (56.12)	 51 (64.56)		
  No	 61 (43.88)	 28 (35.44)		
Alcohol consumption, n (%)			   1.385	 0.239
  Yes	 73 (52.52)	 48 (60.75)		
  No	 66 (47.48)	 31 (39.25)		
Oliguresis 	 15 (10.79)	 48 (60.75)	 61.213	 <0.001
Clinical classification			   44.321	 <0.001
  Glomerular nephritis	 61 (43.89)	 12 (15.99)		
  Hematuria or proteinuria	 49 (5.35)	 15 (18.99)		
  Nephrotic syndrome	 29 (2086)	 52 (65.82)		
Leukocyte (1x109/l)	 12.84±2.31	 13.41±3.19	 1.520	 0.130
Blood platelet count (1x109/l)	 219.57±56.94	 233.39±49.33	 1.806	 0.07
CD68	 7.06±1.48	 8.39±2.70	 4.701	 <0.001
TGF‑β1	 11.09±3.81	 12.78±3.25	 3.315	 <0.001
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than that in healthy individuals and positively correlated 
with the concentration of renal injury indexes, suggesting 
that TGF‑β1 may be a marker for determining the process 
of glomerular diseases. The study by Fukuda  et  al  (29) 
demonstrated that urinary podocytes and TGF‑β1 mRNA 
expression may be used as markers for the progression and 
treatment of anti‑glomerular basement membrane nephritis, 
which to a certain extent supports the present experimental 
results. In the previous study by Ostermann  et  al  (30), 
serum creatinine and urine output were only signs of excre‑
tion function, and the abnormal performance needed to be 
explained in the clinical context. In the case of slow changes 
in creatinine and urine values, misleading or inaccurate 
interpretation occurs, lacking sufficient sensitivity, and 
other tools are required to diagnose acute kidney injury. 
As for the complex pathological mechanisms involved in 
the development and progression of glomerular disease, a 
combination of markers is required to reflect all types of 
changes during this disease process. In the present study, 
through ROC curve analysis, it was found that the area 
under the CD68 curve was 0.808, and the area under the 
TGF‑β1 curve was 0.738. The area under the CD68 and 
TGF‑β1 combination curve was 0.866, and the cut‑off value 
was 0.308, with a sensitivity of 76.15% and specificity of 
84.00%. That indicates that the CD68 and TGF‑β1 combina‑
tion can be used a biomarker for the diagnosis of glomerular 
disease. At the same time, according to the remission of 
renal function, the patients were divided into the remission 
group and non‑remission group. The clinical classification, 
and CD68 and TGF‑β1 levels were shown to be indepen‑
dent risk factors that affect the response of renal function 
through multivariate logistic regression analysis, which 
suggests that the concentrations of CD68 and TGF‑β1 can 
be used as predictive indexes for renal function remission in 
patients with glomerular diseases. Mehta et al (31), analyzed 
the association between the plasma TGF‑β level and chronic 
kidney disease in the elderly by analyzing the data of 1,722 
elderly subjects, and evaluated whether the baseline TGF‑β 
level could predict eGFR. It was found that the level of 
TGF‑β was independently associated with a lower eGFR in 
cross‑section analysis, but not with albuminuria.

In the present study, the subjects were selected strictly 
according to the inclusion and exclusion criteria. No significant 

differences were found in sex, age, BMI and medical history 
between the study group and the control group, which ensured 
the rigor and reliability of the study. In the present study, the 
number of samples was small, and in the analysis of the prog‑
nosis of the patients with glomerular disease, the follow‑up 
was not performed on the patients. The long‑term prognosis 
was unknown, which is a limitation to the present study. In 
future research, it is necessary to extend the research time and 
expand the sample size.

In conclusion, the present study demonstrates that the 
increased concentrations of CD68 and TGF‑β1 in patients with 
glomerular disease are positively correlated with the indicators 
of renal injury, and are expected to become clinical diagnostic 
indicators of glomerular disease.
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