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Abstract

microalbuminuric DN patients, while hs-CRP cannot.

Background: Pentraxin 3 (PTX3), a member of a superfamily of conserved proteins called pentraxins. PTX3 and C-
reactive protein (CRP) are members of this family and play an important role in the innate immune system. PTX3 is
classified as a long pentraxin, while CRP is a short pentraxin. PTX3 is reported to be a vascular inflammatory marker
providing prognostic information of vasculopathy, such as diabetic nephropathy (DN). The purpose of this study is
to evaluate the association between serum PTX3 concentrations and the development and/or progression of DN. A
total number of 66 patients with type 2 diabetes mellitus (T2DM) and 22 healthy subjects were enrolled in this
study. Patients with T2DM were divided, according to the levels of urinary albumin/creatinine ratio (UACR), into
three groups: normoalbuminuric, microalbuminuric, and macroalbuminuric groups. Serum PTX3 and high-sensitivity
C-reactive protein (hs-CRP) concentrations were determined using ELISA kits.

Results: Serum PTX3 and hs-CRP concentrations were significantly higher in patients with T2DM compared with
the controls. Furthermore, serum PTX3 concentrations were significantly higher in macroalbuminuric patients than
in microalbuminuric patients (P < 0.001) and also were significantly higher in microalbuminuric patients than in
normoalbuminuric patients (P < 0.001). However, there were no significant differences between controls and T2DM
patients with normoalbuminuria regarding serum PTX3 concentrations (P > 0.05). Moreover, like PTX3, hs-CRP
concentrations were higher in microalbuminuric patients than in normoalbuminuric patients (P < 0.05), and also,
there were no significant differences between controls and T2DM patients with normoalbuminuria regarding hs-
CRP concentrations (P > 0.05). But, unlike PTX3, there were no significant differences between macroalbuminuric
and microalbuminuric patients regarding hs-CRP concentrations (P > 0.05).

Conclusions: Serum PTX3 is positively associated with DN development and progression, and may be a more
accurate predictor of DN development than hs-CRP as it can discriminate between macroalbuminuric and
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Background

Diabetes mellitus (DM) is a chronic non-communicable
systemic disease characterized by hyperglycemia and
considered as a major public health problem [1]. It is
considered one of the most important causes of in-
creased morbidity and mortality all over the world as it
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has several microvascular and macrovascular complica-
tions [2].

The extent of systemic inflammatory reaction in DM
has been an important cause of its complications [3].
The clinically evident chronic complications are cardiac
disease, nephropathy, neuropathy, retinopathy, and foot
ulcers [2].

One of the most devastating microvascular complica-
tions of DM is DN which can lead to end-stage renal
disease [4]. People with diabetes have a higher risk for
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developing nephropathy than those without diabetes [5].
DN is a clinical syndrome characterized by the occur-
rence of persistent microalbuminuria in concomitance
with insulin- or non-insulin-dependent diabetes. It is
diagnosed by persistent increment of albumin or pro-
tein in urine when there is no any other known renal
disease [6].

In this regard, several studies have reported that
T2DM is associated with increased plasma concentra-
tions of acute-phase biomarkers, including hs-CRP,
which is related to the innate immune response and in-
flammation [7]. There are several studies showing the
relationship between DM and DN, and classical markers
of inflammation like hs-CRP and fibrinogen. But levels
of these markers may be correlated with many factors
other than inflammation. So, there is a need for more
specific markers related to DN [8].

PTX3 is an acute-phase reactant characterized by a cyclic
multimeric structure. PTX3 is a long pentraxin and pro-
duced by peripheral tissues including endothelial cells,
mononuclear phagocytes, dendritic cells, neutrophils, smooth
muscle cells, fibroblasts, adipocytes, renal fibroblasts, and
proximal tubular cells and reflects impaired vascular endo-
thelial function. In contrast, CRP is mainly produced by he-
patocytes and is predominantly under the transcriptional
control of the cytokine interleukin-6 (IL-6) [9].

PTX3 inhibits angiogenesis, promotes restenosis, and
increases advanced atherosclerotic lesions typically by
inhibiting the fibroblast growth factor reaction of angio-
genesis [10]. PTX3 has been shown to be a sensitive bio-
marker of localized inflammatory reactions and innate
immunity of cardiovascular and renal diseases [11].

This study aims to explore the association between
serum PTX3 levels and the development and/or progres-
sion of DN in T2DM patients.

Methods

This retrospective case-control study was carried out in
the outpatient clinic of internal medicine at Ahmed
Maher Teaching Hospital from December 2018 to June
2019. The study included 66 patients with type 2 diabetes
mellitus and 22 healthy individuals aged from 41 to 75
years; the disease duration ranged from 6 to 22 years.

Study design
The selected subjects were divided into three groups:

e Group I (control group): 22 subjects with no history,
clinical symptoms, nor laboratory evidence of DM.

e Group II (diabetic without DN): 22 patients with
T2DM without DN.

e Group III (DN group): 44 patients with T2DM and
DN, who are further subdivided according to UACR
into 2 subgroups:
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e Group III-A: 22 patients with microalbuminuria
(UACR = 30-300 mg albumin/g creatinine).

e Group III-B: 22 patients with macroalbuminuria
(UACR < 300 mg albumin/g creatinine).

Inclusion criteria
All patients had T2DM.

Exclusion criteria

Type 1 DM, primary kidney disease, coronary heart dis-
eases, past history of stroke, past history of malignancy,
end-stage renal failure, chronic liver disease, acute and
chronic viral or bacterial infections, and immunological
disorders.

Methodology
The following was done for patients and control after
consent and explanation of the procedures:

1- Full history taking including the following: name, age,
sex, duration of diabetes, anti-diabetic treatment, car-
diovascular disease, evidence of DN, hypertension
and its treatment, drug history, and smoking.

2- Clinical examination including the following items:
e Assessment of body mass index (BMI).

e Assessment of systolic blood pressure (SBP) and
diastolic blood pressure (DBP).

All patients were informed about the study, and

consents were taken from all patients before taking

the blood samples.

3- Routine investigations:

Fasting blood glucose (FBG), 2 h postprandial blood
glucose (2hPPBG), HbA ¢, total cholesterol,
triglycerides (TGs), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), serum creatinine,
UACR, serum albumin, Alanine transaminase
(ALT), Aspartate transaminase (AST), serum hs-
CRP, and serum PTX3.

Blood samples were obtained at the morning after
8 h fasting for FBG, 2 h after breakfast for 2hPPBG,
and 12 h fasting for estimation of other parameters.
Blood was aspirated into three plastic tubes: the
first contained k-EDTA for HbA;c measurement,
and the second contained no additive for serum
separation. Lipid profile, ALT, AST, and creatinine
were estimated immediately within a suitable time.
Another part of serum stored at — 80 °C until assay
of hs-CRP, the third tube contained K-EDTA cen-
trifuged for 15 min at 1000xg within 30 min of col-
lection, and plasma separated and stored at — 80 °C
until assay of PTX3.

Human PTX3 was estimated by solid-phase
enzyme-linked immunosorbent assay (ELISA) tech-
nique using human pentraxin 3/TSG-14 ELISA kits.
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Statistical methodology
Results were collected, tabulated, and statistically ana-
lyzed by SPSS (Statistical Package for Social Science)
version 22 on a personal computer.

Two types of statistics were done:

1- Descriptive: percentage (%) and mean and standard
deviation (SD).
2- Analytical:

a) Student’s ¢ test: it is a single test used to
collectively indicate the presence of any
significant difference between two groups
for a normally distributed quantitative
variable.

b) ANOVA (F test): a one-way analysis of vari-
ance (ANOVA) is a single test used to col-
lectively indicate the presence of any
significant difference between several groups
for a normally distributed quantitative
variable.

¢) Post hoc test: it is used after one-way ANOVA
(F test) to show any significant difference be-
tween the individual groups.

d) Chi-square (%) test: it is used to compare
between two groups or more regarding one
qualitative variable.

e) Pearson’s correlation coefficient (r): a test that
was used for correlating data.

f) Probability test (P value):

— P value < 0.05 was considered significant.

— P value < 0.001 was considered highly
significant.

— P value > 0.05 was considered non-
significant.

Results
Demographic characteristics of patients with T”2DM and
controls
As presented in Table 1, the mean age for groups I, II,
III-A, and III-B was 52.64 + 6.33, 54.68 + 6.68, 57.36 *
6.71, and 65.95 + 4.24 years, respectively. These results
demonstrate that patients with DN had significantly
higher ages as compared to the control and diabetic
without DN groups. This study also showed that the
mean value of BMI for groups I, II, III-A, and III-B was
24.17 + 144, 25.35 + 1.32, 26.69 + 1.92, and 2742 +
1.84, respectively. These results demonstrate that there
is high significance of BMI in the DN groups than in the
control and diabetic without DN groups (P < 0.001).
Furthermore, the mean values of duration of DM, SBP,
and DBP were significantly different between the four
groups (P < 0.001, P = 0004, and P < 0.001,
respectively).
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However, the gender and smoking were not signifi-
cantly different between the studied groups (P = 0.819
and P = 0.580, respectively).

Laboratory characteristics of patients with T2DM and
controls

This study also revealed that there was a highly signifi-
cant correlation between glycemic control and develop-
ment of DN, as the mean values of HbAlc, FBG, and
2hPPBG were significantly higher in the DN groups than
in the control and diabetic without DN groups. The
mean value of HbAlc for groups I, II, III-A, and III-B
was 5.2 + 0.2, 8.8 £ 1.9, 87 £ 1.7, and 9.4 + 1.4 mg/dl,
respectively. Also, the mean value of FBG for groups I,
II, III-A, and III-B was 83.95 + 11.19, 138.14 + 14.36,
164.68 + 14.34, and 172.91 + 20.83 mg/dl, respectively.
Moreover, the mean value of 2hPPBG for groups I, II,
III-A, and III-B was 127.68 + 6.32, 173.59 + 15.57,
206.73 + 33.32, and 304.86 + 72.88 mg/dl, respectively.

Regarding kidney function, this study showed that
there was a highly significant association between serum
creatinine (P < 0.001) and also UACR (P < 0.001), and
development of DN as they were elevated in the DN
groups more than in the control and diabetic without
DN groups.

According to liver enzymes and serum albumin, there
was a highly significant association between DN and
serum albumin level as albumin was decreased in the
DN groups more than in the control and diabetic with-
out DN groups (P < 0.001). But, there was no association
between liver enzymes and the development of DN, as
there was no significant association between the studied
groups regarding AST (P = 0.439) and ALT (P = 0.248).

Regarding dyslipidemia, this study revealed that there
was a significant correlation between serum triglycerides
and severity of the DN as the mean value of TGs for
groups I, II, III-A, and III-B was 117.5 + 35.0, 152.7 +
29.0, 137.8 + 43.9, and 157.1 + 23.5 mg/dl, respectively.
Moreover, there was no significant association between
the studied groups regarding serum cholesterol (P =
0.082), HDL (P = 0.349), and LDL (P = 0.137).

Association between DN development and values of
serum PTX3 and hs-CRP
As shown in Table 2, the mean value of PTX3 in the DN
groups was significantly higher than in the control and
diabetic without DN groups (P < 0.001). Moreover, serum
PTX3 concentrations in the macroalbuminuric group
were higher than in the microalbuminuric group. But,
there is no significant difference between the control and
diabetic without DN groups (P = 0.13).

As regards serum hs-CRP, the mean value of hs-CRP
in the DN groups was significantly higher than in the
control and diabetic without DN groups (P < 0.001).
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Table 2 Comparison between the studied groups as regards PTX3 and hs-CRP
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Variables Group Group Group Group ANOVA test Post hoc test
I (N = (N = I-A (N I1-B (N
22) 22) =2) = 2) F P value
PTX3 (ng/ml) Mean 1.50 227 815 14.26 282.726 < 0.001 P1 P2 P3
HS 0.13 < 0.001 < 0.001
+SD 035 032 208 253 P4 P5 P6
< 0.001 < 0.001 < 0.001
hs-CRP (mg/l) Mean 261 275 3.14 3.08 12.840 < 0.001 P1 P2 P3
HS 0.16 < 0.001 < 0.001
+SD 034 035 0.28 038 P4 P5 P6
< 0.001 0.002 0.52

But, there is no significant difference between the
macroalbuminuric and microalbuminuric groups (P =
0.52), and also no significant difference between the con-
trol and diabetic without DN groups regarding serum
hs-CRP (P = 0.16).

The association of serum PTX3 concentrations with other
clinical characteristics
Pearson’s correlation test reveals that there is a positive
correlation between serum PTX3 and UACR in all dia-
betic groups (Figs. 1, 2, and 3). Our results also reveal

30

PTX3 vs UACRin group ll
3
L 4
L 4
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22
o
x
-
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L 4
14
1 ]
10 14 18 22 26
UACR
Fig. 1 Positive correlation between PTX3 vs UACR in group |l
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Fig. 2 Positive correlation between PTX3 vs UACR in group III-A
A

that there is a positive correlation between serum PTX3
and serum creatinine and another negative correlation
between serum PTX3 and serum albumin in the DN
groups (groups III-A and III-B).

Discussion

DN represents a major cause of chronic kidney disease
(CKD) all over the world. Thus, there is a need to imple-
ment effective strategies being able to prevent DN and
to identify specific and early predictors. The etiology of
DN is multifactorial, but reported risk factors include in-
creased duration of DM, as well as severity of hyperten-
sion and hyperglycemia [12].

Dyslipidemia is a powerful risk factor for atheroscler-
osis and related disorders such as ischemic heart disease,
cerebrovascular diseases, renal disease, and retinal ath-
erosclerosis [13].

This study showed that patients with DN had signifi-
cantly higher ages as compared to the control group and
the diabetic without DN group. These results are in
agreement with Wang et al. [12], unlike Abu Seman
et al’s [14] study which showed that there was no sig-
nificant age difference between groups.

However, this study also showed that there was no sex
effect on the development of DN in diabetic patients.
These results were observed also by Wang et al. [12] and
Abu Seman et al. [14]. Like Sjoberg et al. [15], this study
also showed that there is no role for smoking in the de-
velopment of DN.

Moreover, this study showed that the DN groups had
higher values of BMI than the control and diabetic with-
out DN groups. This is in agreement with Porrini et al.
[16] who mentioned that obesity with a BMI of > 30 kg/
m? is a major risk factor for DN.



Dawood et al. The Egyptian Journal of Internal Medicine

(2020) 32:3

Page 7 of 9

22

PTX3 vs UACR in group llI-B

20

2 2

18

16

PTX3

14

12

10

250 300 350

UACR

400 450 500

Fig. 3 Positive correlation between PTX3 vs UACR in group IlI-B

This study showed that patients with DN had longer
disease duration than those without DN. Similarly, the
incidence of DN is related primarily to the duration and
control of diabetes [12, 14, 15]. In accordance with Papa-
demetriou et al. [17], this study showed that duration of
DM and coexisting hypertension remain the most sig-
nificant risk factors for DN. Moreover, Takao et al. [18]
mentioned that control of hypertension significantly re-
duced the development and progression of DN.

This study also revealed that there was a highly signifi-
cant correlation between glycemic control (HbA;c) and
development of DN as HbA;c was elevated in the DN
groups more than in the control and diabetic without
DN groups. These results are in accordance with Taka-
shi et al. [8]. In agreement with Wang et al. [12] and
Uzun et al. [9], this study showed that there is a highly
significant correlation between FBG and 2hBBPG, and

the development of DN. These results are against the
observations of Abu Seman et al. [14] who mentioned
that there is no significant correlation between FBG and
2hPPBG, and DN.

Furthermore, regarding dyslipidemia, there was a sig-
nificant correlation between serum TGs and severity of
the DN. This is in accordance with Wang et al. [12] and
Rutledge et al. [19] who stated that there is a significant
association between serum TGs and DN. In contrast to
this study, Takashi et al. [8] mentioned that there is no
association between serum TGs and DN. However, this
study revealed that there was no significant association
between the development of DN with serum total chol-
esterol, HDL, and LDL. Wang et al. [12] and Takashi
et al. [8] mentioned that DN is significantly associated
with serum HDL and not significantly associated with
total cholesterol and LDL. Uzun et al’s [9] study
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mentioned that dyslipidemia has no role on the develop-
ment of DN as there was no significant association be-
tween DN and total cholesterol, TG, HDL, and LDL.

In this study, there was a highly significant association
between serum creatinine and also UACR, and the devel-
opment of DN, as they were elevated in the DN groups
more than in the control and diabetic without DN groups.
These results are in accordance with Uzun et al. [9], Wang
et al. [12], Abu Seman et al. [14], and Sjoberg et al. [15].

Moreover, this study also revealed that there was a
highly significant association between DN and serum al-
bumin level as albumin was decreased in the DN groups
more than in the control and diabetic without DN groups.
This is in agreement with Uzun et al. [9] and Iwasaki et al.
[20]. However, this study revealed that there was no sig-
nificant difference between the studied groups as regards
liver enzyme levels (ALT and AST). This is in agreement
with Uzun et al. [9], Wang et al. [12], Abu Seman et al.
[14], Sjoberg et al. [15], and Iwasaki et al. [20].

Concerning PTX3, this study revealed that there was a
significant increase in its level with the development and
progression of DN. PTX3 is higher in the DN groups more
than in the control and diabetic without DN groups. More-
over, there was a significant difference between the microal-
buminuric and macroalbuminuric groups at a cutoff level
of > 10.6 ng/ml. This is in agreement with Uzun et al. [9],
Wang et al. [12], and Abu Seman et al. [14] who stated that
PTX3 level increases with the development of DN.

According to hs-CRP, this study showed that there
was a highly significant increase in its level with the de-
velopment and progression of DN. hs-CRP was higher in
the nephropathy groups more than in the control and
diabetes without nephropathy groups. This is in agree-
ment with Wang et al. [12] and Abu Seman et al. [14].
Uzun et al. [9] mentioned that there was no significant
difference between the studied groups as regards hs-
CRP. Furthermore, this study revealed that there was no
significant difference, regarding hs-CRP, between DN
with microalbuminuria and DN with macroalbuminuria.
This is in agreement with Uzun et al. [9], Wang et al.
[12], and Abu Seman et al. [14].

So, serum PTX3 can be used as an accurate marker to re-
veal the progression of DN and also can differentiate between
both microalbuminuric and macroalbuminuric patients.

Conclusions

Our data suggest that PTX3 can be used as a specific
diagnostic and prognostic biomarker of DN prior to the
development of overt CKD, and also, it can differentiate
between different stages of DN while other routine tests,
like hs-CRP, are non-specific and cannot differentiate
between different stages of DN. Further studies with a
relatively larger sample size are needed to determine the
clinical relevance of our findings.
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