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Introduction: Insulin resistance in obesity and type 2 diabetes mellitus (T2DM) is asso-
ciated with cardiovascular complications such as atherosclerosis. On the other hand, the
reduction of apoptosis in macrophages has been linked with accelerated atherosclerosis.
Apoptosis is controlled by a different family of proteins including Bcl-2 and caspases.

Methods: To examine apoptosis in insulin resistance, we assessed the mRNA expression by
-8, and —9 in
peripheral blood mononuclear cells (PBMCs) isolated from lean, obese, diabetic, and

qRT-PCR of several Bcl-2 family members, as well as caspase-3, —7,

diabetic on metformin individuals.

Results: PBMCs of diabetic individuals exhibited reduced expression of caspase-7 and
increased expression of Bcl-10, Bad, Bax, Bid, and caspase-3. T2DM on metformin group
had significantly higher Bad, Bax, and caspase-7 expression.

Discussion: The moderate up-regulation of pro-apoptotic Bcl-10, Bax, Bad, Bid, and the
effector caspase-3 coupled with inhibition of caspase-7 in circulating PBMCs of T2DM
could be the result of increased inflammation in T2DM. Metformin treatment significantly
inhibited the expression of Bcl-10, Bid, and caspase-3 and upregulated Bad/Bax/caspase-7
pathway suggesting the activation of Bad/Bax/caspase-7 apoptotic pathway. Further studies
are warranted to elicit the underlying apoptotic pathways of PBMCs in T2DM and following
metformin treatment.

Keywords: apoptosis, T2DM, peripheral blood mononuclear cells, PBMC, caspase, BCI-10,
BCl1-2

Introduction

T2DM is a multifactorial metabolic and inflammatory disorder characterized by
hyperglycemia.' The incidence of T2DM has increased four-fold globally making it
the ninth major cause of mortality.” Atherosclerosis has been seen to prevail in
diseases such as T2DM, as a result of increased inflammatory, and oxidative
stress.” > Atherosclerosis is a complex process involving a focal accumulation of
lipid, leucocytes, smooth muscle cells, and extracellular matrix in the intima of
large arteries. Adherence of circulating monocytes and lymphocytes to the arterial
endothelial lining is one of the earliest detectable events in both human and
experimental atherosclerosis.® These adherent cells subsequently transmigrate,

accumulate in the intima, transform into lipid-engorged “foam cells”, and secrete
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cytokines and growth factors for the initiation and progres-
sion of atherosclerotic plaques.”® Apoptosis in athero-
sclerotic lesions has been studied in the last few years.
Reduced Apoptosis in macrophages has been linked with
accelerated atherosclerosis in mice.”

The apoptotic intrinsic pathway is regulated by a balance
of pro-and anti-apoptotic Bcl-2 family members.'” The Bcl-2
protein family comprises inhibitor of apoptosis (Bcl-2, Bel-
w, Bel-xL, Mcl-1, and Bcl-2 related protein A1), BH3-only
proteins that bind and regulate the anti-apoptotic Bcl-2 pro-
teins (Bad, Bik/Nbk, Bid, Bim, Hrk/DP5, Blk, Bmf), and
activators of apoptosis (Bak, Bax, Bcl-rambo, Bcl-xg, and
Bok/Mtd). Bcl-2 proteins tend to regulate the mitochondrial
pathway, glucose metabolism, B-cell homeostasis, and
apoptosis.'' Cytochrome C release is directly promoted by
the pro-apoptotic members (Bax and Bak) leading to the
activation of initiator caspases such as caspase-9.'>"
APAF-1 is a multidomain adapter protein containing an
N-terminal caspase recruitment domain (CARD) that inter-
acts with Bcl-2 family members. The binding of cytochrome
C to APAF-1 and procaspase 9 generates the formation of
a complex (the apoptosome) which then leads to the initiation
of the caspase cascade, leading to irreversible cell death.'

Apoptosis can affect all major cell types in atherosclerotic
lesions (e.g. endothelial and vascular smooth muscle cells, as
well as inflammatory cells, such as T-lymphocytes and macro-
phages). Apoptosis is mediated through extrinsic (death-
receptor induced) and intrinsic (B-cell lymphoma 2 [Bcl-2]
regulated or mitochondrial) pathways.'> Caspases are evolu-
tionarily conserved cysteine-aspartyl-specific  proteases
involved in apoptosis and cytokine activation.'® Caspase-8
and —9 are upstream caspases whereas caspase-3 and —7 are
downstream effector caspases of both pathways. '7 The extrin-
sic pathway is mediated by cell death-receptors like Fas and the
pro-inflammatory mediator tumor necrosis factor-alpha (TNF-
0).'> NF-kB activation pathways include the classical pathway
triggered in response to microbial infections or exposure to
proinflammatory cytokines that activate the kB kinase com-
plex (IKK) and the alternative pathway triggered by members
of the TNF cytokine family. The classical pathway is respon-
sible for the inhibition of programmed cell death under most
conditions, while the alternative pathway is important for the
survival of premature B cells and the development of second-
ary lymphoid organs.'® The prosurvival NF-kB transcription
factor has been reported to be induced in human PBMCs of
obese and diabetic individuals, a phenomenon that could lead
to inhibition of PBMCs apoptosis and thus increased

19-21

atherosclerosis. The proapoptotic Bcl-10 functions

through CARD. On the other hand, Bcl-10 is involved in the
formation of complexes that antagonize apoptosis and contri-
bute to cell survival after DNA damage.”* NF-xB and Bcl-10
have special significance since they can determine if the cell
commits to or aborts apoptosis. Bcl-10 activates NF-kB via
NF-kB-inducing kinase (NIK) and IKK.**

In this study, the expression of several apoptotic proteins in
PBMCs of obese and diabetic individuals was studied to
examine the effect of insulin resistance on apoptosis. We
hypothesize that insulin resistance and hyperglycemia in
T2DM are associated with decreased apoptotic proteins in
PBMC:s and thus increased atherogenicity. Additionally, we
investigated the effect of metformin, a prominent biguanide
class of anti-diabetic drug, with documented protective cardi-
ovascular diseases (CVD) effect, on the expression of apopto-
tic genes in PBMCs of diabetic individuals.

Materials and Methods
Study Participants

Thirty lean (group I), 30 obese with normal glucose and on
no medications (group II), 30 obese newly diagnosed with
T2DM (group III), and 30 obese T2DM on metformin
(group IV) adult volunteers, were recruited for the study.
The duration of metformin treatment for group IV ranged
between 9 months and 15 years. Most metformin regimen
were 1000-2000 mg. However, 5 patients had dosages of
100-500 mg daily, and 3 had 3000-4500 mg daily. Only 5
subjects from group IV were on insulin therapy. The study
with the Helsinki
Declaration and was approved by the IRB at King
Abdullah  International Medical Research Center
(Protocol NO. SP19/474/R). All study participants signed
written consent forms.

was conducted in accordance

Isolation of PBMC

Blood samples were collected in Na EDTA as an antic-
oagulant as described previously.** Briefly, 3.5 mL of antic-
oagulated blood sample was layered carefully over 3.5 mL
of PMN medium (Robbins Scientific Corp, Sunnyvale, CA).
Samples were centrifuged and by the end of the centrifuga-
tion, two bands separated at the top of the RBC. The top
band consisted of PBMC while the bottom consisted of
PMN. The bands were harvested, repeatedly washed with
Hank’s balanced salt solution (HBSS). This method provides
a yield greater than 95% pure PBMC suspension. Qiagen
RNALater solution (Qiagen Inc., CA, USA) was added to
the pellet, and samples were frozen at —80°C.
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Quantitative Real-Time Polymerase Chain
Reaction (QRT-PCR) Analysis

Total RNA isolation was carried using an Ambion isolation
kit according to the manufacturer’s instructions (Ambion).
One pg of isolated total RNA was reverse transcribed into
cDNA using Advantage RT-for-PCR kit following the man-
ufacturer standard (Clontech, CA). qRT-PCR was performed
using Applied Biosystems 7900HT analyzer (Applied
Biosystems, USA) in which 2 pL cDNA, 10 pL
Sybergreen Master mix [150 mM Tris, pH 9.2, 40 mM
(NH4),SO4, 5 mM MgCl,, 0.02% Tween-20, 0.4 mM
dNTPs, 1.25 Units 7aq Polymerase, 1 X Sybergreen] along
with 0.5 uL of 20 uM gene-specific primers (Table 1).
Theoretical optimal conditions of primers including melting
temperature, annealing temperature, CG content, cross
homology, and secondary structure were considered when
designing primers of interest. The specificity and size of the
PCR products were tested by adding a melt curve at the end
of the amplification, followed by band analysis on a 2%
agarose gel. The reaction protocol consisted of one activation
cycle of 50°C for 2 min followed by 95°C for 15
s. Subsequently, 40 cycles of denaturation at 95°C for 15 s,
and 60°C annealing/extension for 2 min were performed. All
values were normalized to housekeeping genes RPL13,

Table | Primer Sequences for All Primers Used in RT-qPCR

ubiquitin C, and cyclophilin A expressions. Although nor-
malization to RPL13 and Ubiquitin C showed similar trends,
all values were normalized to cyclophilin A. The 2744¢T
method was used for relative quantification for qRT-PCR

experiments.*

Statistical Analysis

SigmaStat software ver. 3.0 (Jandel Scientific, San Rafael,
CA) was utilized for statistical analysis. One Way ANOVA
comparing the four independent groups followed by (Holm-
Sidak method) for pairwise comparisons were applied to
analyze the calculated fold change of mRNA expression
from gRT-PCR experiments. Upon failure of normality dis-
tribution, One Way ANOVA on Ranks was employed and
trailed by Dunn’s test for pairwise comparisons. P-value <
0.05 was considered significant for all statistical analyses.
Results were presented as mean =+ standard error of the mean
(S.EM.).

Results

Demographic Data

Despite significant differences in the mean age among the
four groups (Table 2), there was no correlation between
mRNA levels of the measured apoptotic markers and age.

Primers Sense (5" — 3') Anti-Sense (5' — 3') Accession
Bcl-2 TCCGCATCAGGAAGGCTAGA AGGACCAGGCCTCCAAGCT NM_000633.3
Bcl-10 GTGAAGAAGGACGCCTTAGAAA TCAACAAGGGTGTCCAGACCT NM_003921.5,
Bid CCTTGCTCCGTGATGTCTTTC GTAGGTGCGTAGGTTCTGGT NM_197966.3
Bad CCCAGAGTTTGAGCCGAGTG CCCATCCCTTCGTCGTCCT NM_004322.3
Bim ATCCCCGCTTTTCATCTTTA AGGACTTGGGGTTTGTGTTG NM_138621.5
Bax CCCGAGAGGTCTTTTTCCGAG CCAGCCCATGATGGTTCTGAT NM_001291428.2
Bak ATGGTCACCTTACCTCTGCAA TCATAGCGTCGGTTGATGTCG NM_001188.4
Apafl AAGGTGGAGTACCACAGAGG TCCATGTATGGTGACCCATCC NM_013229.3
Caspase-3 AGAACTGGACTGTGGCATTGAG GCTTGTCGGCATACTGTTTCAG NM_004346.4
Caspase-7 AGTGACAGGTATGGGCGTTCG GCATCTATCCCCCCTAAAGTGG NM_001227.5
Caspase-8 CATCCAGTCACTTTGCCAGA GCATCTGTTTCCCCATGTTT NM_001372051.1
Caspase-9 TTCCCAGGTTTTGTTTCCTG CCTTTCACCGAAACAGCATT NM_001229.5
Ubiquitin C ACTACAACATCCAGAAAGAG CCAGTCAGGGTCTTCACGAAG NM_021009.
RPLI3 AACAAGTTGAAGTACCTGGCTTTC TGGTTTTGTGGGGCAGCATA NM_000977.3
Cyclophilin A CCCACCGTGTTCTTCGACAT TTTCTGCTGTCTTTGGGACCT NM_021130.4
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Figure I mRNA expression of Bcl-2 in PBMC of lean, obese, T2DM, and T2DM on
metformin. Results are presented as mean + S.EM.

Moreover, a preliminary analysis was conducted after
excluding 5 individuals in group IV who were on insulin
therapy. However, the gene expression levels measured
from those individuals did not affect the results, therefore
they were included in the final analysis.

mRNA Expression Analysis of Bcl-2

Family Members

No significant difference in the expression level of Bcl-2
was observed among the four studied groups (Figure 1).
Similarly, there was no significant difference in Bak
expression (Figure 2A). Conversely, we found significant
up-regulation of Bax and Bcl-10 genes in the diabetic
groups III and IV (Figure 2B and C) in comparison to
the non-diabetic groups I and II. Indeed, Bax mRNA
transcripts were absent in most non-diabetic PBMCs (Cr
< 40) but were highly detected in the diabetic groups
(P<0.001; Figure 2B). On the other hand, Bcl-10 mRNA
expression was significantly higher in T2DM in compar-
ison to T2DM on metformin group (P<0.01; Figure 2C).
Furthermore, the expression of Bad gene was elevated in
diabetics, with a more pronounced increase in T2DM on
metformin (P<0.001; Figure 3A). Conversely, Bid expres-
sion was significantly increased in T2DM but was reverted
to normal following metformin (group IV) treatment
(P<0.01; Figure 3B). In sharp contrast, Bim expression
was only inhibited in the T2DM group (P<0.05;
Figure 3C).

Expression Analysis of Caspases

Caspase-3 expression level was not significantly differ-
ent between lean and obese groups (Figure 4A).
However, significant up-regulation was observed in the
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Figure 2 mRNA expression of three members of the Bcl-2 family that promote
apoptosis in PBMC of lean, obese, T2DM, and T2DM on metformin: (A) Bak; (B)
Bax; and (C) Bcl-10. Results are presented as mean * S.E.M. *P < 0.05 vs lean
subjects; oP < 0.05 vs obese subjects; 3P < 0.05 vs T2DM subjects.

T2DM group (P<0.05; Figure 4A). Metformin treatment
reduced caspase-3 expression in T2DM on the metfor-
min group.

On the other hand, the expression level of caspase-7
was significantly inhibited in T2DM compared to the non-

diabetic groups. Interestingly, metformin was associated
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Figure 3 mRNA expression of three members of apoptotic BH3 domain-only
proteins that bind and regulate the anti-apoptotic Bcl-2 proteins in PBMC of lean,
obese, T2DM, and T2DM on metformin: (A) Bad; (B) Bid; and (C) Bim. Results are
presented as mean  S.E.M. *P < 0.05 vs lean subjects; 6P < 0.05 vs obese subjects;
OP < 0.05 vs T2DM subjects.

with a significant increase in caspase-7 expression in
PBMCs of T2DM on metformin (P<0.05; Figure 4B).

In contrast, the expression levels of caspase-8 and —9 did
not differ significantly between the 4 groups (Figure 4C and
D). Similarly, the expression levels of APAF-1 did not differ
significantly between the studied groups (Figure 5).
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Discussion

Given the complexity of atherosclerotic plaque, apoptosis in
leukocytes, endothelial, and smooth muscle cells may play
different roles in atherogenesis.”®*’ Two different pathways
for apoptosis have been identified, the mitochondrial pathway

where multidomain Bcl-2 family members play pivotal roles
and the death receptor pathway.28 Activation of Bax is essential
to mitochondrial dysfunction and cell death.”>° Bax is pre-
dominantly a cytosolic monomer, and stimulation of Bax
results in conformational changes and translocation to the
outer mitochondrial membrane or endoplasmic reticulum
where it oligomerizes.>'*? Activation of Bax and other related
apoptotic proteins have been reported in human atherosclerotic
plaques, resulting from uptake of free cholesterol by macro-
phages or after treatment of macrophages with cytotoxic oxy-
sterols components of LDL.*77 Activation of Bax in
atherosclerotic plaques increases the susceptibility of macro-
phages and smooth muscle cells to undergo apoptosis. Bax is
assumed to exert at least part of its apoptosis-inducing function
by facilitating mitochondrial permeability transition pore
opening, a process that is supposedly antagonized by Bcl-2
and Bel-xL.*® Bax activation is induced through cleavage and
mitochondrial translocation of Bid which represents an inte-
gration of two apoptotic pathways on mitochondria. Truncated
Bid (tBid) interacts with pro-apoptotic (Bax, Bak) or anti-
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apoptotic members (Bcl-2, Bcl-xL) of Bel-2 family proteins
and stimulates cytochrome C release from mitochondria.*
However, a non-apoptotic role of Bid in inflammation and
innate immunity has been reported.*’ Similarly, the pro-
apoptotic protein Bad has been reported to play a role in
atherosclerosis.*'*** Bad competes for the binding to Bcl-2,
Bcl-xL, and Bcl-W, thereby affecting the level of heterodimer-
ization of these proteins with Bax.** Bad can be either pro-
apoptotic or pro-survival depending on the phosphorylation
state of three specific serine residues.** Expression analysis
comparison among the four different groups studied (lean,
obese, T2DM, and T2DM on metformin) showed the associa-
tion of T2DM with increased expression levels of Bad, Bax,
Bid, and caspase-3 and lower caspase-7 expression in PBMCs
of T2DM patients. These results are consistent with the pre-
viously reported higher levels of caspase-3 cleavage in PBMC
from T2DM individuals.*> Bad/Bax/Bid/caspase-3 cascade
upregulation in T2DM may result from increased inflamma-
tion present in T2DM and could indicate a proinflammatory
role, possibly linked to Bcl-10/NF-kB pathway. Higher expres-
sion of Bax in regulatory T cells has been reported to increase
vascular inflammation and Bid plays a role in inflammation
and innate immunity.***® On the other hand, the anti-
inflammatory metformin reverted Bid, Bcl-10, and caspase-3
expressions to normal while it was associated with upregula-
tion of Bax, Bad and caspase-7 expressions. These data are
consistent with the hypothesis that macrophage apoptosis sup-
presses the development of atherosclerosis as macrophages
death may reduce growth factors and inflammatory cytokines
production indicating that macrophage apoptosis provides
self-defense  mechanism in

a critical suppressing

atherosclerosis.*” Metformin anti-inflammatory and anti-
atherosclerotic effect could be a result of reduced proinflam-
matory Bad/Bax/Bid/caspase-3 cascade activation, especially
through Bcl-10/NF-xB and by increased apoptosis of these
inflammatory vascular cells, including PBMCs, by upregula-
tion of the pro-apoptotic Bad/Bax/caspase-7 pathway.

The pro-survival NF-kB transcription factor is activated in
PBMC:s of obese and T2DM and the expression of the pro-
apoptotic Bcl-10 is upregulated in PBMCs of T2DM.'* ! Bcl-
10 activates NF-kB via NIK and IKK.** Bcl-10 interacts with
MALT1 proteins and CARMA, as part of a signaling complex
(CBM signalosome) that mediates antigen receptor-dependent
NF-«B activation.** CARMA3-containing CBM signalosome
can operate in cells outside the hematopoietic system and
mediate NF-kB activation machinery in endothelial and vas-
cular smooth muscle cells, thereby contributing to pro-

inflammatory signaling within the vessel wall. Bcl-107"

mice are reported to be protected from developing both Ang I1-
dependent atherosclerotic lesions and Ang II-dependent
abdominal aortic aneurysms.*’ Bcl-107" mouse showed also
better glucose control in glucose tolerance test as compared to
wild type surprisingly with less insulin production.’® Thus,
Bcl-10 induces vascular inflammation possibly by mediating
NF-kB activation machinery. Several reports demonstrated the
cardioprotective effects of metformin.>">? Metformin inhibits
NF-kB pathway in vascular wall cells and experimental ather-
ogenesis of rabbits.>>* In this study, metformin treatment
reduced expression levels of pro-apoptotic gene Bcl-10
which is also consistent with its inhibitory effect of the NF-
kB pathway reported previously.?'>*

Bim has been reported to increase in atherosclerosis.*' Bim
serves a pivotal role in regulating endothelial cell apoptosis
induced by oxidative stress which is an early event in the
development of atherosclerosis.”®> However, leukocyte Bim
deficiency in /dlr '~ mice results in increased activated T-cell
content in circulation, lymphoid organs, and atherosclerotic
lesions.”® Urokinase-type plasminogen activator (uPA) has
been reported to stimulate the differentiation of monocytes
into macrophages and attenuates ox-LDL-induced macro-
phage apoptotic death via Bim downregulation.”” These data
are consistent with our data, as Bim expression levels in
PBMCs were inhibited in T2DM while metformin reverted
Bim expression levels to normal.

The observed increase in expression of pro-apoptotic genes
in T2DM patients was associated with the up-regulation of
effector caspase-3 and inhibition of caspase-7 in T2DM
patients only. Once caspase-3 is activated, it will cleave key
structural proteins, cell cycle proteins, and DNase proteins,
such as poly(ADP-ribose) polymerase, and DNA-dependent
kinases.*®>° Moreover, high expression of caspase-3 has been
detected in the absence of apoptosis, indicating that caspase-3
may participate in processes other than apoptosis.®® Caspase-3
may be involved in inflammatory processes by cleaving cyto-
kines like IL-16 and IL-18 and the upregulation of caspase-3 in
T2DM could be a result of the increased inflammation present
in T2DM.®"? Deletion of caspase-3 promotes plaque growth
and plaque necrosis in ApoE "~ mice.® In this study, caspase-3
was the only upregulated caspase among the ones measured
(caspase —3, —7, =8, and —9) in T2DM while caspase-7 was
downregulated. Previous reports demonstrated that caspase-3,
—7, and —9 have distinct roles during intrinsic apoptosis and
that caspase-3 and —7 functions are not limited to apoptosis,
with  their linked to
differentiation.***> Metformin reduced the expression levels

activation proliferation  or

of caspase-3 seen in T2DM, possibly due to its anti-
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Figure 6 This figure schematizes steps in the proposed effect of metformin on apoptotic proteins in PBMCs examined in this study. The steps are depicted in a sequence
proceeding from right to left. Hyperglycaemia presents in diabetes induces NF-kB pathway by reactive oxygen species (ROS). The low to moderate up-regulation of
inflammatory Bcl-10, Bax, Bad, Bid, and the effector caspase-3 coupled with inhibition of caspase-7 in circulating PBMCs of T2DM could be a result of activated NF-xB

pathway in T2DM.

inflammatory effect, while induced caspase-7 expression
levels, possibly due to its pro-apoptotic properties. The
increased caspase-7 mediated apoptosis could be a defensive
mechanism to reduce inflammation present in T2DM.
Although metformin reduces cardiovascular complications
in patients with diabetes,* this protective mechanism remains
poorly understood. Metformin is known to inhibit macrophage
apoptosis induced by ox-LDL and reduces mitochondrial frag-
mentation which are critical integrators of apoptosis.’”*® In
addition, metformin inhibits cardiac remodeling such as inhi-
biting cardiomyocytes apoptosis and cardiac fibrosis.*’
Moreover, endoplasmic reticulum (ER) stress that is prolonged
or severe can lead to apoptosis. Metformin differentially

activates ER stress signaling pathways without inducing
apoptosis.”” On the other hand, metformin exerted pro-
apoptotic properties in several preclinical studies. It reduced
cell proliferation, caused cell cycle arrest, reduced incidence
and growth of experimental tumors, and induced
apoptosis.”"’* Since reduced apoptosis in macrophages has
been linked with accelerated atherosclerosis and metformin
has anti-atherosclerotic properties, we could infer that metfor-
min induces apoptosis, possibly through Bax/Bad/caspase-7
mediated pathway.” Bax/Bad/caspase-7 mediated apoptosis
could be a defensive mechanism that targets activated leuco-
cytes to hamper inflammation. This would require further

investigation.
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PBMCs represent a mixture of cells (monocytes,
B cells, and T cells). This heterogeneity of cells uti-
lized in this study represents a significant shortcoming
in this study and purified monocytes could be a better
approach to examine the expression of apoptotic pro-
teins in monocytes, B cells, and T cells. However,
purification of monocytes could activate monocytes
resulting in changes in the expression of apoptotic
proteins.

In conclusion, the moderate up-regulation of pro-
apoptotic Bcl-10, Bax, Bad, Bid, and the effector cas-
pase-3 coupled with inhibition of caspase-7 in circulating
PBMCs of T2DM could be the result of increased inflam-
mation in T2DM. Metformin treatment significantly
inhibited the expression of Bcl-10, Bid, and caspase-3
and upregulated Bad/Bax/caspase-7 pathway (Figure 6).
Future studies are warranted to understand the underlying
signaling network associated with diabetes-apoptotic
pathways in PBMCs.
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