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Metabolic dysregulation and obesity are associated with many metabolic alterations, including im-
pairment of insulin sensitivity and dyslipidemia. Recent studies highlight the key role of phosphatidylinositol
3,4,5-triphosphate-dependent Rac exchange proteins (PREX proteins) in the pathogenesis of obesity, advo-
cating further elucidation of their potential therapeutic implications. The present study aimed to estimate
the serum level of PREX proteins and its potential association with insulin resistance markers and plasma
lipids level in obese and overweight non-diabetic patients. The study included 30 persons classified as obese,
30 as overweight, and 30 healthy individuals of similar age and gender. The levels of PREX1 and PREX2
were measured using ELISA kits, insulin, fasting glucose, glycosylated hemoglobin and total lipid profile were
determined using appropriate photometric kits. HOMA-IR was used as a measure of insulin sensitivity. Ac-
cording to the obtained results, obese non-diabetic patients had higher serum PREX1 level compared to both
overweight and normal-weight individuals. PREX1 correlated positively with the markers of insulin resistance
and dyslipidemia. PREX2 level was shown to be lower both in obese compared to overweight patients and in
overweight compared to normal-weight individuals. PREX2 correlated negatively with the markers of insulin

resistance but not with the markers of dyslipidemia.
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T he Global Burden of Disease Research GBD
has calculated that the worldwide occurrence
of obesity is 5% in children (equivalent to
108 million individuals) and 12% in adults (equiva-
lent to 604 million individuals). The data indicates
that the age-standardized prevalence of obesity has
doubled in over 70 nations analyzed since 1980, and
there have been consistent rises in the majority of the
other countries [1]. High body mass index BMI is as-
sociated with several well-known health conditions,
including cardiovascular disease (CVD), type 2 dia-
betes mellitus (T2DM), musculoskeletal diseases,
some malignancies, and asthma. These conditions
can result in premature death and a decrease in the
overall quality of life [2-5]. Metabolic dysregulation
and obesity are associated with many metabolic al-
terations, including impairment of insulin sensitivity
and dyslipidemia [6-8]. The PREX protein family,

comprising PREX1 and PREX2, are guanine-nucle-
otide exchange factors GEFs that enhance the activa-
tion of the small G-protein Rac by relying on phos-
phatidylinositol 3,4,5-trisphosphate. They participate
in numerous biological processes in both healthy
and diseased states, including inflammation [9],
endothelial cell function [10, 11], neuronal develop-
ment and neuronal plasticity [12, 13], carcinogenesis
[14], glucose homeostasis, and insulin sensitivity
via modulating insulin signaling and glucose up-
take [15, 16]. Recent research highlights the pivotal
role of phosphatidylinositol-3,4,5-trisphosphate-
dependent Rac exchanger proteins (PREX proteins)
in the pathogenesis of obesity, especially in non-dia-
betic individuals [17]. Additionally, investigations in
China linked genetic polymorphisms in the PREX
gene with increased adiposity and insulin resistance
[18]. In the United States, pharmacological inhibi-
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tion of PREX proteins shows promise in improving
adipose tissue inflammation and insulin sensitivity
in obese nondiabetic mice [19]. These findings un-
derscore the significance of PREX proteins in obe-
sity and advocate for further research to elucidate
their mechanisms and potential therapeutic implica-
tions. The present study aimed to estimate the serum
levels of PREX proteins and investigate the possible
association of these proteins with markers of insulin
resistance and plasma lipids in obese and overweight
non-diabetic Iraqi subjects.

Materials and Methods

Study design. The present cross-sectional study
was conducted at the Obesity Center in Al Imam Al
Sadig Teaching Hospital in Hilla/Babel Governo-
rate, Irag, from November 12, 2020 to February 16,
2021. The research was approved by the University
of Baghdad’s College of Pharmacy’s Ethics Commit-
tee and conducted in accordance with the Declara-
tion of Helsinki [20]. Before obtaining participants’
consent, they were given information about the ob-
jective and expected benefits of the study. The study
included thirty persons who were classified as obese,
thirty individuals who were classified as overweight,
and thirty apparently healthy individuals of similar
age and gender to act as a control group. The cate-
gorization of the participants into the study groups
was according to the American Gastroenterology
Association (AGA) based on the measurement of
BMI under the supervision of a specialist physician.
The participants were obese BMI > 30, overweight
BMI 25-29.9 and normal weight BMI 18.5-24.9
individuals, aged > 18 years, of both genders and on
an unrestricted diet. Individuals with overt diabetes
or any endocrinopathy, restricted physical activity,
renal or hepatic diseases associated with alteration
of lipid or glucose metabolism, and those taking any
medications that may interfere with insulin sensitivi-
ty or lipid metabolism were excluded. Participants
were interviewed separately. Demographic and
medical data were collected and recorded using a
data collection sheet.

Inclusion criteria. For the case groups: Obese
(BMI>30) and overweight (BMI 25-29.9) individuals
aged > 18 years, of both genders, on unrestricted
diet. For the control group: Normal healthy indi-
viduals with BMI 18.5-24.9, of both genders and on
unrestricted diet.

Exclusion criteria. Individuals with overt dia-
betes or any endocrinopathy, restricted physical ac-
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tivity, renal or hepatic diseases associated with al-
teration of lipid or glucose metabolism, and those
taking any medications that may interfere with in-
sulin sensitivity or lipid metabolism, were excluded.

Samples collection. Venous blood specimens
8-10 ml were withdrawn from each participant after
an overnight fast 10-12 h and placed in gel tubes.
Two milliliters of whole blood samples were trans-
ferred to EDTA tubes for glycosylated hemoglobin
HbAlc measurements that were measured within
8 h of sample collection. The remaining blood sam-
ples were allowed to clot at room temperature, then
centrifuged at 4000 rpm for 5 min to obtain sera.
Each serum sample was divided into aliquots in
Eppendorf tubes and stored at -20°C until the time
of analysis. HbAlc was measured using the cor-
responding kit for the D-10™ hemoglobin testing
system (Bio-Rad Laboratories, Inc.; USA). Serum
insulin was estimated using the corresponding kit
for Cobas e411 (Roche, Germany). C-reactive pro-
tein CRP was measured using the corresponding kit
(DIRUI Industrial Co. Ltd., China). Serum glucose,
total cholesterol TC, triglyceride TG, and high-den-
sity lipoprotein cholesterol HDL levels were measu-
red calorimetrically using the corresponding Kits
(BIOLABO SAS; France). Finally, human PREX1
and PREX2 ELISA kits (MyBiosource, Inc.; USA)
were used for the estimation of serum levels of
these proteins. Body mass index was measured by
dividing the weight (kg) by the height squared (m?).
Homeostasis model assessment for insulin resistance
HOMA-IR was used as a measure of insulin sensi-
tivity; HOMA-IR was calculated using equation (1)
[21, 22]:

HOMA-IR = (FILxFGL)/404, @

where FIL - fasting insulin levels, FGL - fasting
glucose levels.

Low-density lipoprotein-cholesterol (LDL) was
estimated using the Friedewald’s equation [23]:

LDL (mg/dl) = (TC-HDL-TG)/5, 2
where (TG/5) represents the VLDL in mg/dl.

Ethical approval. Written illustrative consent
form was signed by all parents/caregivers of the
participating patients. This study was performed
according to the ethical rules for medical research
involving human participants of the Declaration of
Helsinki (1964). Ethical approval was received from
the ethical and research committee of the University
of Baghdad, College of Pharmacy Ethics Commit-
tee, Baghdad, Irag (No. 872 on 06/02/2021).
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Statistical analysis. The statistical analysis
was performed using the statistical package for so-
cial science SPSS, version 25. The Shapiro-Wilk-
Wilk was used to check the uniform distribution of
the data. Continuous variables were presented as
means + SD. The comparisons among groups were
performed using the analysis of variance (ANOVA)
test if there was a significant difference; the post
hoc test was performed to describe differences
among different groups. Categorical variables were
presented as frequency and percentage and were
analyzed by the chi-square x? test. The correlation
between different parameters and PREX proteins
was tested using Pearson’s correlation. P < 0.05 was
considered significant.

Results

The sociodemographic and biochemical charac-
teristics of the participants are shown in Table 1.
The participants’ ages and sexes were similar. When
comparing body mass index (BMI), the three re-
search groups showed statistically significant dif-
ferences. Both the overweight and control groups

had lower body mass indexes than the obese group;
conversely, the control group had the lowest BMI.
Participants in the obese group exhibited markedly
elevated serum insulin levels in comparison to
those in the overweight and control groups. Fur-
thermore, the overweight group exhibited markedly
elevated serum insulin levels compared to the con-
trol group. Participants in the obese and overweight
groups had considerably higher fasting serum glu-
cose FSG levels compared to those in the control
group. However, there was no significant difference
in FSG levels between participants in the obese
and overweight groups. The FSG levels of all par-
ticipants in the study groups were within the normal
range, indicating that they did not have diabetes.
The levels of glycosylated hemoglobin HbAlc were
significantly higher in participants from the obese
group compared to those in the overweight and con-
trol groups. Furthermore, the group of individuals
who were overweight demonstrated a greater level
of HbAlc in comparison to the control group. The
HbA1c readings of all patients in the study groups
were within the normal range, indicating that they

Table 1. Characteristics of participants: sociodemographic, clinical, and biochemical

Variables \ Obese, n =30 \ Overweight, n = 30 \ Control, n =30 \ P-value
Age, years 39.03+10.34 35.57 £9.63 37.70 £9.50 0.056
Gender
Male 13 (43.3%) 14 (46.7%) 13 (43.3%) 0.063
Female 17 (56.7%) 16 (53.3%) 17 (56.7%) 0.063
BMI, kg/m?) 3790 £ 6.19? 27.79 + 1.26° 22.62 + 213 <0.001*
Fasting insulin, pU/ml 22.92 £ 19.15 15.56 +14.83" 7.63 £ 3.52¢ <0.001*
FSG, mg/di 103.93 + 17.18? 98.60 + 18.01° 89.53 + 14.13° 0.004*
HbAlc, % 5.22 + 0.66° 490 +047° 4.49 + 0.48° <0.001*
HOMA-IR 6.01 £ 5.56° 3.27 £2.47° 170 £ 0.83" <0.001*
CRP, mg/dl 7.57 £5.90° 2.95 + 2,54 2.27+123 <0.001*
TC, mg/di 178.81 + 44.69 161.16 £ 50.39 162.32 £ 43.70 0.262
TG, mg/dl 184.40 + 95.83¢ 139.01 + 70.71° 111.47 £ 56.87° 0.002*
HDL, mg/dI 32.86 + 7.91 33.06 + 6.14 3455+6.14 0.576
LDL, mg/dl 110.43 + 36.92 105.07 £ 47.53 105.48 + 38.74 0.856
VLDL, mg/dl 36.87 £ 19.16° 26.66 + 14.44° 22.29 + 11.37° 0.001*

Note. BMI — body mass index; WHR — weight to hip ratio; FSG - fasting serum glucose; HbAlc — glycated hemoglobin;
HOMA-IR — homeostatic model assessment for insulin resistance; CRP — C-reactive protein; TC — total cholesterol;
TG - triglyceride; HDL — high density lipoprotein; LDL — low density lipoprotein; VLDL — very low-density lipopro-
tein. *Refers to significant difference, and superscripts (a, b, ¢c) among different groups refer to the difference among
groups, such that (a) means the level is significantly higher than the level in (b) and the last is significantly higher than

the level in (c)
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did not have diabetes. The obese group exhibited
significantly elevated HOMA-IR levels compared to
both the overweight and control groups. However,
there was no notable disparity in HOMA-IR levels
between participants in the overweight group and
the control group. Similarly, individuals in the obese
group exhibited markedly higher levels of CRP com-
pared to those in the overweight and control groups.
Nevertheless, no substantial disparity in CRP levels
was observed among participants in the overweight
group and the control group. Finally, serum levels
of TC, LDL, and HDL did not show any significant
difference among participants in the study groups.
However, participants in the obese group had sig-
nificantly elevated serum TG and VLDL levels
compared to those in the overweight and control
groups. However, there was no significant differen-
ce in TG and VLDL levels between participants in
the overweight and control groups. Table 2 displays
the serum levels of PREX1 and PREX2 proteins in
the participants. The obese group had significantly
elevated serum levels of PREX1 protein compared
to both the overweight and control groups. Howe-
ver, there was no significant difference in PREX1
protein levels between the overweight and control
groups. On the other hand, participants in the obese
group exhibited considerably reduced blood levels of
PREX2 protein compared to both the overweight and
control groups. Additionally, the overweight group
had significantly lower serum levels of PREX2 pro-
tein compared to the control group.

Table 3 displays the connection between the
levels of blood PREX1 and PREX2 proteins and the
factors examined in the entire sample of participants
n = 90. There was a direct association between se-
rum PREX1 protein levels and BMI, insulin, HbAlc,
HOMA-IR, TC, TG, and VLDL. However, Obesity,
fasting serum glucose, haemoglobin Alc, C-reactive
protein, and HOMA-IR levels were inversely related
to blood PREX1 protein levels.

Figure shows that the levels of the PREX1 and
PREX2 proteins in the serum were negatively cor-
related r = -0.229, P = 0.03.

Discussion

The current analysis suggests that the glu-
cose regulation in obese and overweight patients
is impaired compared to the control participants.
Individuals classified as obese or overweight demon-
strated elevated levels of fasting blood glucose FSG,
glycated hemoglobin HbAlc, and homeostatic model
assessment of insulin resistance HOMA-IR. It is im-
portant to mention that both FSG and HbA1c values
remained within the normal range for those who
do not have diabetes. Nevertheless, the HOMA-IR
value fell within the range, indicating insulin resist-
ance [24,25]. Furthermore, the obese individuals had
elevated levels of HbAlc and HOMA-IR compared
to the overweight individuals, showing that glucose
metabolism decreased with increasing body mass
index. Extensive research demonstrated that insu-
lin resistance plays a pivotal role in the disruption
of glucose regulation that occurs in obesity [26-28].
Obese people develop insulin resistance as a result of
increased production of adipokines and proinflam-
matory cytokines, together with reduced production
of adiponectin. As a result, leukocytes build up in
adipose tissue, leading to persistent, mild inflam-
mation. Moreover, there is an atypical accumulation
of adipose tissue in the liver and skeletal muscles,
which hinders the liver’s ability to release glucose
and interferes with insulin signaling, the occurrence
was noted in 2013 [29-32]. Our findings concerning
CRP, an inflammatory marker, are in agreement
with this finding. As can be seen in Table 1, there
was a statistically significant rise among the obese
when contrasted with the overweight and control
groups. There is a clear and direct relationship be-
tween levels of C-reactive protein CRP and insulin

Table 2.Serum PREX1 and PREX2 proteins levels in participants

Variables Obese, n =30 \ Overweight, n = 30 \ Control, n =30 P-value
PREXZ, ng/ml 473177 3.69 + 1.44° 3.32+ 153 0.003*
PREX2, pg/ml 912.20 + 273.63° 1192.60 + 330.93°  1442.20 + 469.58° <0.001*

Note. PREX1, Phosphatidylinositol (3,4,5)-trisphosphate (PIP3)-dependent Rac exchanger 1 is referred to as PREX1,
whereas Phosphatidylinositol (3,4,5)-trisphosphate (PIP3)-dependent Rac exchanger 2 is referred to as PREX2. *Refers
to significant difference, The use of superscripts (a, b, ¢) inside separate groups indicates substantial differences between
the groups. Specifically, (a) denotes a significantly higher level compared to (b), while the last group has a significantly
higher level than (c)
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Table 3. The relationship between the serum levels of PREX1 and PREX2 proteins and the variables
evaluated in all subjects was examined

PREX1 (ng/ml), n =90

PREX2 (pg/ml), n =90

Variables

r \ P-value r \ P-value
Age, years 0.189 0.074 -0.150 0.157
BMI, kg/m? 0.368 <0.001* -0.445 <0.001*
Insulin, pU/ml 0.289 0.006* -0.171 0.107
FSG, mg/di 0.13 0.222 -0.207 0.05*
HbAlc, % 0.455 <0.001* -0.397 <0.001*
HOMA-IR 0.376 <0.001* -0.209 0.048*
CRP, mg/dl 0.199 0.06 -0.212 0.045%*
TC, mg/di 0.296 0.005* 0.046 0.668
TG, mg/dl 0.30 0.004* -0.025 0.814
HDL, mg/dI 0.029 0.789 0.083 0.437
LDL, mg/dl 0.204 0.054 0.015 0.891
VLDL, mg/dl 0.301 0.004* -0.033 0.76

Note. BMI — body mass index; FSG — fasting serum glucose; HbAlc — glycated hemoglobin; HOMA-IR — homeostatic
model assessment for insulin resistance; CRP — C-reactive protein; TC — total cholesterol; TG — triglyceride level,
HDL - high density lipoprotein; LDL — low density lipoprotein; VLDL — very low-density lipoprotein; PREX1 — Phos-
phatidylinositol (3,4,5)-trisphosphate (P1P3)-dependent Rac exchanger 1; PREX2 — Phosphatidylinositol (3,4,5)-trispho-

sphate (PIP3)-dependent Rac exchanger 2. *Refers to significant correlation

2500.00

2000.00

PREX 2, pg/ml

500.00

1500.00

1000.00

Fig. A scatter plot showing the correlation between serum PREX1 and PREX2 levels

resistance [33]. Elevated levels of high-sensitivity
CRP was suggested to indicate future insulin resist-
ance in individuals without diabetes [34]. In addition
to being produced by the liver and pancreas during
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inflammation, CRP has also been observed to be cre-
ated and secreted by adipocytes [35, 36]. A favora-
ble correlation has been shown between CRP levels
and BMI in both healthy persons and those who are
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fat or overweight [37]. There is evidence that both
healthy individuals and women with RA experience
higher C-reactive protein levels when they are over-
weight. Most importantly, this correlation holds true
irrespective of how bad the disease gets [38]. The
current study found that compared to the overweight
and control groups, the obese group had significantly
higher levels of serum triglyceride TG and very low-
density lipoprotein VLDL. Nevertheless, Neither the
overweight nor the control group showed a signifi-
cantly different pattern of triglyceride TG or very
low-density lipoprotein VLDL levels. Similarly, the
control and overweight groups had lower levels of
HDL, whereas the obese group had higher levels of
all other lipid profile markers; however, this differen-
ce was not statistically significant, the lipid profile
levels were within the typical reference ranges. Lipid
profile abnormalities are common in obese patients
[39, 40]. Factors contributing to the dysregulation
of lipid levels in obese people include an upregu-
lation of lipid breakdown in adipose tissue, which
releases free fatty acids that the liver uses to make
cholesterol-rich particles, an increase in the produc-
tion of very low-density lipoproteins VLDL by the
liver, and a decrease in the breakdown of triglyceri-
des TG in the bloodstream. Another factor is the im-
paired removal of free fatty acids from the circula-
tion. Many of these mechanisms are greatly aided by
insulin resistance [41]. The study found that obese
individuals had greater levels of serum PREX1 com-
pared to both overweight and normal-weight indi-
viduals. Obese individuals had lower levels of serum
PREX2 compared to overweight individuals, while
overweight individuals had lower levels compared
to individuals with normal weight. Moreover, se-
rum PREX1 levels were positively correlated, and
serum PREX2 levels were negatively correlated with
markers of poor glucose homeostasis and insulin
resistance. These results occur in accordance with
growing evidence of the metabolic effects of PREX
proteins. Both PREX1 and PREX2 were shown to
be involved in insulin signaling in in vitro and in
vivo studies [42]. PREX1 studies have demonstrated
that it plays a part in the release of insulin from pan-
creatic B cells in response to glucose stimulation.
Additionally, it is involved in the movement of the
glucose transporter, GLUT4, to the outer surface of
adipocytes, which is dependent on insulin suggested
that PREX2 gene deletion in mice is associated with
reduced insulin signaling and thus reduced glucose
uptake in liver and adipose tissue. Also, reduced
PREX2 expression in the adipose tissue of humans
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with insulin resistance was reported [43]. In the pre-
sent study, serum levels of PREX1 were negatively
correlated with those of PREX2 that mostly reflects
their levels of tissue expression.

Conclusions. Obese individuals from Iraq who
do not have diabetes exhibited elevated levels of
PREX1 in their bloodstream compared to both over-
weight and normal-weight individuals. In contrast,
the obese subjects had lower levels of serum PREX2
compared to the overweight subjects, and the over-
weight subjects had lower levels than the normal-
weight subjects. PREX1 correlated positively with
the markers of insulin resistance and dyslipidemia,
while PREX2 correlated negatively with the mark-
ers of insulin resistance but not with the markers of
dyslipidemia.
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MetaboiuHi HOpyHIEHHS Ta  OXHUPIHHSA
MOB’s13aHi 3 OaraTbMa METaOOMIYHUMU
3MiHaMHM, 30KpeMa, 3 IMOPYIIEHHSIM 4YyTIUBOCTI
n0  iHCymiHy ~Ta  gucinimigemiero.  OcrtanHHI
JOCHIJIKEHHSI  HIJKPECHIOITh  KJIIOUOBY  POJIb
¢docharuamininosuron  3.4,5-tpudocdar-zanex-
Hux mpoteiHiB oominy Rac (PREX-mporeiniB) y
MaTOreHe31 OKMPIHHS, L0 CIOHYKa€ 0 MOJAjb-
Ioro 3’ACyBaHHS iX MNOTEHUIHHUX TepamneBTuY-
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HuX e(pekTiB. MeTow MaHOro JOCIiKeHHS Oyiio
ouinutu piBerb npoteiniB PREX y cuposarmi
KpOBI Ta MOro MOTCHIIINHUN 3B$30K 13 Mapkepa-
MU 1HCYJIHOPE3UCTEHTHOCTI Ta PiBHEM JIiIi/IiB
y TIUIa3Mi KpOBI TAIl€EHTIB 13 OXHUPIHHSIM Ta
HaJAMIpHOIO Baroro, siKi He XBOPIIOTh Ha IIYKPOBHM
niabet. Y pociipkeHHI B3suik ydyacTh 30 oci0 i3
oxupinusm, 30 — 3 HagMipHOrO Barorw i 30 3mopo-
BUX oci0 ananoriunoro Biky i crari. PiBHi PREX1
1 PREX2 BusHawamm 3a gomomororo FELISA.
PiBHi  iHCyNiHYy, TJIIOKO3W, TJIIKO3MIBOBAHOT'O
reMoryio0iHy, 3arajJibHOro JIIiJHOTO MPOQiT0
BU3HAYaJIM 3a JOIOMOTOK BIiJNOBIIHUX (OTOME-
TpUYHUX HAOOPiB. SIK TOKa3HWUK UYTIUBOCTI IO
iHCyniHy BukopucroByBanu iHAekc HOMA-IR.
[lokazaHo, 110 MAIiEHTH 3 OKUPIHHSAM Oe3 miadery
Manu Bummi piBeHb PREXI y cupoBarmi kposi
MOPIBHSIHO 3 0CO0aMH 3 HAJIMIPHOKO Ta HOPMallb-
Hoto Baroio. PREX1 mo3uTUBHO KOpETIOBaB i3 Map-
KepaMH 1HCYJIHOPE3UCTEHTHOCTI Ta TUCIIITIAeMil.
Piers PREX?2 BUSBUBCS HIDKUNM SIK Y TIAIIIEHTIB 13
OKUPIHHSIM MOPIBHSAHO 3 MALIEHTaMHU 3 HAAMIPHOIO
Barolo, Tak 1 y MAaIi€HTIB i3 HagMIpHOIO Barolo
MOPIBHSHO 3 0co0aMH 3 HOPMaJbHOI Barolo.
PREX2 wneratruBHO KOpenoBaB i3 MapKepaMmu
IHCYJIIHOPE3UCTEHTHOCTI, aje He 3 MapKepaMu
IUCHimigeMii.

KniogoBi cmoBa: mporeinm PREX,
OXKHUpIHHS, HaJIMipHa Bara, IHCYJIHOPE3HCTEH-
THICTD, JUCIIIIIAEMIS.
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