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Abstract

C1g complamant/tumar nacrosis factor (TNF j—malated protain (CTRP) family comprisas of
15 proteins that possas imponant implications in anangy homeostasis, infection andinflam-
mafion. Howaver, thair rlas in diabates mallitus (DM ) and its vascular complications have
nat bean complataly assessad. This works ams lostudy the association of two CTRPS; 3
and 9, with pra-inflammatory cylokina manocyle chemoattractant protain- 1 (MCP-1), and
biochamical parametars of typa 2 disbates (T2D), dyslipidemia and coranary adary diseasa
(CAD).Methods: Biochemical markars and saum levels of CTRPs and MCP-1 wara maa-
surad in 86 postmenopausal femalas. Subjects weredivided over four groups; 13 apparant
haalthy subjacts as contral (group 1), 29 patiants with CAD (group Il), 29 patiants with T2D
=5 years (group |} and 15 pafients with CAD secondary to T 20 (group V). Serum CTRP3,
CTRPE, MCP-1and insulin were maasurad by ELISA Results: Sarum CTRP3 levels wara
found io be significantly highar in group |11 and IV, wharaas, it was significanty lowarin
group |l on companng to group |. Whila, CTRPS lavals wara significantly dacraasaedin group
I, 1l and IV an companng ta group |. MCP-1 levels were found 1o ba significantly incraasad
in graups [, 111 and IV ancompansan with group |. Bath CTRPS wara significantly nagatvaly
corralated with aach other. Whila MCP- 1 was significantly comalated negativaly to CTRPE.
Conclusion: This study associates the passible role of CTRP3, CTRPS and MCP- 1/CCL2
in the diagnasis/prognogs of CAD complication in T2D pastmenapausal lamales.

Introduction

Diabetes mellitus (DM is a chronic metabolic disease, its development involves several patho-
genic processes [ 1. Collectively all of these processes reanlts in loss of f-cell mass and'or

PLOS ONE | hil pe: fedod org10.1.37 1 Sournal none (208038 Decarmber 17, 2018

1/13




GPLOS |ore

Associabon ol CTRPI, CTRPS and MCP-1wilh CAD and diabeles inwomean

function that are dinically manifested as hyperglycemia [2). The mumber of diabetic patients
in 2015 were edtimated to be around 415 million people and expected to reach 842 million by
the year 2040, which represents an exponential increase mainly in developing countries|[3].

Among the several tﬂ:-em‘fDM, type 2 diabetes (T2D)is a progressive pandemic that
acoounts for mome than % of all cases, representing an indisputahle threat to the public
health([4]. T2D isa complex polygenic disorder whichisa result of the combination of heredi-
tary components and secondary contributing factors which indude; obesity, lifestyle, birth
weight and stress [5].

(thesity represents one of the prominent risk factors for T2D andits complications, it
shows an equivalent increase in its global prevalence [£). Visceral obesity and adipose tissue
causes, metabolic disturbance, leading to vardous obesity asodated co-maorbidities induding;
metabolic syndrome, T2D, hyperlipidemnia and heart diseases (7). In addition, obesity is corre-
lated with T2D through proinflammatory cytokines (adipokines), inmlin senstivity, abnormal
fatty acid metabolism, and intracellular disturbances; mitochondrial dysfunction and ende-
plasmic reticutum stress [8,9).

In 2004, the CTRP super-family emerged as novel anti-inflammatory adipokines with
important metabolic roles [10). The CTRP family is composed of 16 members including adi-
ponectin (APN), ke APN, the CTRP family members were believed to play a vital rolein
energy homeostasis, through altering insulin sensitivity spedﬁxal}:.r in the mmscles and liver, all
of which regulates whole-body energy metabolism thus, CTRPs could be novel pharmacologi-
cal targets in T2D), obedty and inflammatory diseases [11).

A member of the CTRP family and oneof the dosest fundtional homalog of APN with a
l:q:utentanﬁ-lnfam matory, antidiabetic and cardioprotective adipokine is CTEP3 (ako known
as cartonectin, cartducin, CORS-26) [9,10]. Another member is CTRP9, which playsa mle in
lowering blood glucnse levels, with a potent vasorelaxation effect as its vasnactive potency is
about three folds higher than that of APN [12]. However, CTRPS has not been fully investi-
gated in hurman subjects suffering from DM,

The monocyte chemoattractant protein- 1 (MCP-1/CCL2) is 2 member of the C-C chema-
kine family, a potent chemotactic factor for monocytes with potent proinflammatory action
attributing to many inflammation mediated diseases, such 4 T2D and coronary artery disease
(CAD) [13). Interestingly, the proinflammatory action of MCP-1/CCL2 was found to be
blocked by CTRP3 [ 11). However the relationship between the anti-flammatory adipokine
CTRP9 and proinflammatory chemoking MCP-1/CCL2 has not been studied along withits
rolein T2D and CAD.

The current study was designed to develop effective diagnostic and prognoatic strategies
through evaliating the changes in the levels of CTRP3, CTRP9 and MCP-1/CCL2 in females
suffering from either T2D only, CAD anly, and CAD secondary to T2D. In addition, correla-
tion between CTRP3, CTRPS, MCP-1/CCL2 with each other and with ather mutine biochemi-
cal parameters were assessed to explain how these possible markers correlate with the
diagnods/prognasiz of the patients suffering from T20 alone, CAD alone and the develop-
ment of CAD in T2 patients.

Material and methods
Subjects
This study was approved by the Medical ethics committee of Ain shams University, a signed

informed consent was obtained from all subjects prior to particdpation in the smdy. The
study complies with all the regulations and recommendations of the declaration of Helsinld.
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Table 1. inkcal and bbortory charaderist o of the studi=d groups.

Groups Paransetars Group T} Group(Tl ) Group/{TIT} Group{TV}

(n = 13} (n = ) (n= ) (n =15}
Age(Yers) 51152182 561020580 504041 36" 54672163
BMI (kgin®! 26333025 590,10 .50 40 05 30, 4520190
FBG (mgdl) 97461237 45154 1977943 280 159 3554 300
Hhyc% 5154008 5. 176007 HA76 4015 47500
Insulin (praalTy 7 51 +062 SiTEIEE" 15,69 41 280 14 8044076,
Durstionof T2 [pears) R Feyey—— 7R HA A
HOMATR 1 682013 A52e041° a4 62" 700
QUICKT 0.35+001 05040001 * 50440 004 294 oz "
TC (mgidl) 1753843 19 HTESHEE 5769 TE FTLGT AT
TG (mgid) 1456341 42 17926066 ITHS 6] E 191 sh=468 ~5
LDLC (megdl) 99774148 18283 4309% 181144159 191732375 4B
HDL-C (mgdl) 52331178 e Ry HAL40.77 " sl "
LD L CHDL-Cratio 1.92 008 462:000" ATbL 11" [Tk
TCHDL-C ratio 3 300,14 & 00015 " G, 13" 95504, p -
CTRES ng/ml) 1303847 12 B0 31:305" 211344575 186 34034
CTRFS ng/ml) S04 50 1949043 54" 1367 612 95%° 101 402570 “*
MCF-1(pg/ml) 1905446 12 A5 E ET TS E I 676 IT 20 5T A

Valnes are expressed in terms of (Mean £ SEM)

Camomp I Apparent heaalthy control; Group T patients with CATY, Group TTT: Fatients with type 2 dabetes; Gronp TV: patients with CAD sacondary o type 2 diahates
TMAT: body mass index; FIbG: fsting blood ghocoss; Hha I glycated hemaglobin: TG: trigl yeenides; TC- total chioles terol; LD bow densi ty lipoprotein dholesieral;
HDL-z high density i poprotein chol estenal, FOM A -TH: b stasis mode] it Insnltin mesi sance; (UTCF] < quanti@tiwe insohin sensifivity cheds index

* Significan fly d ifferent from comtrol growp [ at pias

®. Signifcantly different fram group 1T atp<ios

“: Signifianfy diffement from gronp Mat pios

Ahbout 86 sibjects were divided into four groups, as follows Group [induded (13) apparent
healthy subjects as control with average body mass index (BMI) { 26.3340.25). Group IT
included (29) patients with CAD with average BMI (29.89:40.10). Group IIT inchided (29)
patients with T2D 3 5 years with average BMI (29.5040.05), group [V inchided (15) patients
with CAD secondary to T2D with average BMI (30.46:40.19). The range of BMI hetween:
18.50-24.99, was classified as normal. While BMI 25-29.99 kg/m” was dasified as overweight
(non obese) subjects, and BMI > 30 kg/m* was dassified as obese subjects| 14). Blood samples
were withdrawn from patients in the National Institute of Diabetes and Endocrinology
(MIDE), (Cairo, Egypt) and the intensive care unit (ICU) of the cardinlogy department of Al-
Hussein Teaching Hospital (Cairo, Egypt). Allthe subjects are postmenopansal fernales. Char-
acteristics of subjects are represented in Table 1.

Medical history was collected from all subjects including; duration of DM (at least 5 years),
familial history of DM, type of CAD, medication list, history of any disease and surgica proce-
dures. All subjects were physically examined. CAD was previously diagnosed using cardiac
angiogram. Alldiabetic patients were treated wsing 500mg metformin twice daily.

The following exclusion criteria were used for all gudy partidpants All patients were free
of chronic liver diseases, type | DM (T1D), acute or chronic renal disease, hyperthyroidism,
disorders in pituitary gland, malignancy, sutaimmune disease, and inflammatory diseases.
Patients were not taking any anti-inflammatory drugs, s well as other medications that may
affect the heart.

PLOS ONE | hiipe: fdod ong 101571 OP0R0GE Decamnber 17, 2018 a3
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Methods

Blood sampling. 'Whaole blood samples were collected after an overnight fast from all 86
subjects. Blond collacted was splitinto three portions; the fist portion was used to measire
fasting plasma ghicose (FPG) and collected in Na fluoride containing vacutainer tubes. The
second portion was collected on EDTA containing vacutainer tubes in order to measure gly-
cated hemoglobin (HbA ¢ %). The third portion of blood was centrifuged to separate serum
for the measurement of: insulin, lipids [trighcerides (T'G), total cholesterol (TC), low density
lipoprotein cholesteral (LDL-C]), high density lipoprotein cholesteral (HDL-C)| and the serum
levels of CTRP3, CTRP? and MCP-1. All routine wark analyses were measured in the same
day of the blood colletion, the remaining samples were stored at -80°C till time of assay for
ingulin, CTRP3, CTRP9 and MCP-1.

Laboratory assessment. Patient s demographics and medical history were obtained fraim
the patients file or during the patients visit. BMI was caloulated using the standard formula
(weight (kg)/height (m")). Insulin level was measure wing BioTina GmbH, Germany ELISA
kit (Cat No: E 2035). Levels of FBG (Cat. No: GL 13 20), Hbg % (Cat. No: k031296) and levels
of TG (Cat. No: TR 20030), TC (Cat. No: CH 12 20), HDLAC {Cat. No: CH 12 30),and LDL-C
[Cat. Mo:CH 12 31) were measured using Biodiagnoic Co., Egypt kits. The homenstasis
mode] assessment of insulin resistance (HOMA-IR) was caloulated using the following equa-
tion: [fasting blood ghicose (mg/dL)| = [fasting blood insulin (pU/mLY405). For caloulating
Cuantitative Insulin Sensitivity Check Index we used the following equation (QUICET: 1/(ln
(insulin)+ln (glucose) ). The serum levels of CTRF3, CTRPS and MCP- 1 were measured using
Aviscera biosciences, USA ELISA kits (Cat. No: SKO0082-07 for CTRP3, SKO0081-02 for
CTRP and SKO0220-01 for MCp-1).

Statistical analysis

All results weme expressed as mean + standard emor of mean (M + SE.M). Analysis of variance
[AMOVA ) was used to compare different groups and to compare individual groups post Hoc
15D was applied. Kolmogorov smirnov test was conducted to ensure the normal distribution
of the data and our data met the null hypothesis of the normal distribution. The correlation
between the parameters was done wing Peason correlation test which is an extended
parametric analysis Simple and multiple linear stepwise regresson analyses were done to study
the assndation between each of CTRP3, CTRP9 and MCP-1 with other binchemical parame-
ters. In the multiple linear stepwise regression analyss, the independent variables included
demnographic factors and other biochemical variables (BMI, age, duration of diabetes, FBG,
Hb, i %, insulin, TC, TG, HDL-C, LDL-C, TC/HDL-C risk ratio, HDL-C /LDL-C risk ratio,
HOMA-IR and QUICKT), all of which were associated with the examined dependent variahle
(CTRP3, CTEP9 and MCP-1/CCL2) in univariate analyds. Windows based SPS5 statistical
package (PSS verion 20.0, 5P55 Inc, Chicago, IL) was used to perform all statistical analyses.
P-values < (.05 were considered significant.

Resulls

The power analysis done to power our study, used CTEP3 level as the primary outcome. The
effect size d = (2.96975) was calculated based upon the results of Chei et al (2012) for the differ-
ence between normal and T2D subjects[ 15). The effect size (d) was converted to effect size

if = 1.4849) usdng effect size converter desiged by Jamie DeCoster (2012) to allow for calculat-
ing sample size for comparison between the four groups becanse there was no elevant studies
to the present study. Using alpha (o) level of (5%) and Beta () level of (20%) Le. power = 80%

PLOSOME | hifps: ol ong 101371 fourmal pone. (808008 Decamber 17, 2018 4713
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the minimum estimated sample size was 12 subjects per group. Sample size cakoulation was
performed using G* Power Version 3.1.9.2.

The clinical characteristics and serum levels of CTRP3, 9 and MCP- Lof the studied groups
are shown in Table | BMT, FBG, Hhasc %, insulin, HOMA-IR, QUICET and all lipids profile
parameters showed higher levels in groups I1, I and [V as compared to contral group except
HDL-C and QUICKL

Serum CTRP3 level was found to be agnificantly higher in group IT and group IV whereas,
it was significantly lower in group 1T when compared to group . In addition, its levels were sig-
nificantly decreased in group IV when compared to group L Moreover, CTRF3 level was fur-
ther elevated significantly in group [T when compared to group IT at p<70.05[Table 1, Fig 1].

Regarding serum CTRP9 level, it was found to be significantly decreased in group II, II1
and TV when compared to group I Meanwhile, its level was significantly decreased in group

PLOSONE | hil pe: fdod ong 101571 fourmal pone (00808  December 17, 2018 5r13
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IV, when compared to group 1T and 1. Moreover, CTRP? level was dgnificantly decreased in
group 1T when compared to group 1Tat p<0.05[Table |, Fig 2).

Regarding sernm MCP-1 level, it was found to be significantly increased in group I, I1Tand
IV when compared to group I Meanwhile, its level was gnificantly increased in group IV,
when compared togroup [T and ITL Moreaver, MCP- 1 level waulgmﬁ.canﬂ:r decreased in
group 11 when compared to group 1T and TV at p< (105 Tahle 1, Fig 3].

O performing dmple linear regression using CTRP3 as the dependent variable and other
hinchemical parameters as the independent variables, CTRP3 was found to be significantly
positively correlated with other independent variables including; FBG, Hb 4 ¢ %, T2D dura-
tion, TC, TCHDL-C, and HOM A-IR while, sigmﬁmnﬂy negatively correlated with age,
HDL-C, QUICKT and CTRP9 at p<0.05 [Table 2, Fig 4]. While, on performing multiple linear
stepwise regression analyss using CTRP3 as dependent variable with other independent
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variables only FBG (B=10.276, P = 0.007), Hbyc % (f= 0413, P=0.002) and T2D duration
(fi=0.384, P'= 0.003), rernained significantly assodated with CTRP3 [Table3).

On performing ample linear regresion using CTRPY as the dependent variable and ather
hiochemical parameters as the independent variables, CTRP9 was found to be significantly
podtively correlated with HDL-C and QUICET while, significantly negatively correlated with
ather independent varishles including; BMI, age, duration of disbetes, FBG, Hhb ¢ %, TC, TG,
[DL-C, TC/HDL-C, HDL-C/LDL-C, HOMA-IR, CTRP3 and MCP-1/0CL2 [ Table 2, Figs 4
and 5. Moreover, on performing multiple linear stepwise regresdon analysis using CTRP9 as
dependent variable with other independent variables only LDL-C (f=-0215, F= 0012}, FBG
(f=-0262, P =0.008), BMI(f= -0243, P =0.004) and T2D duration (f=-0277, P = (.005),
remained sigrificantly associated with CTRPS [Table 3).

On performing simple linear regression using MCP-1 as the dependent variahle and ather
hiochemical parameters as the independent variables, MCP- lwas found to be significantly
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