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Abstract: Background: Adiponectin (AQ) plays a role in regulating immune responses. Previous research indicates 
that B cells can affect T cell transmigration via the adiponectin-induced peptide PEPITEM in Caucasians. This study 
explores whether this mechanism is also applicable to Saudi populations, considering potential ethnic variations in 
immune response. Methods: We conducted unbiased peptidomic screen on B cells, NK cells, and monocytes iso-
lated from the peripheral blood of male healthy Saudi donors. The cells were stimulated with AQ, and the secretion 
of PEPITEM and other peptides was assessed using liquid chromatography-mass spectrometry (LC-MS/MS). Flow 
cytometry was utilized to confirm the purity of isolated cell populations and to verify the expression of adiponectin 
receptors AR1 and AR2. Results: PEPITEM was not detected in the supernatants of AQ-stimulated B cells, NK cells, 
or monocytes. All three cell populations were isolated and purified with high purity, confirmed by flow cytometry 
showing AR1 and AR2 expression on the surface of these cells. Specifically, less than 47% of B cells expressed 
ARs, with AR1 at 12% and AR2 at 17%. AQ stimulation increased the number of identified peptides in B cells and 
monocytes but decreased peptide numbers in NK cells. Dimensionality reduction analysis demonstrated clear seg-
regation of cell types, with strong reproducibility across technical replicates. Conclusion: The inability of B cells to 
release PEPITEM in response to AQ stimulation is an interesting finding and it needs more confirmatory tests and 
experiments, however; a hypothesis about the impact of predisposing factors, such as ethnicity could be formulated 
and tested in the future.
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Introduction

The immune cell interface has various environ-
mental conditions, which in some cases affect 
their metabolic regulation, leading to potential 
transcriptional reprogramming of immune cells; 

however, when reprogramming is impaired, the 
risk of autoimmune disorder development is 
increased [1].

Immune cell activation results in the acquisi-
tion of new immune functions, such as cytokine 
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production or proliferation, and immune cells 
are required to provide continuous metabolic 
adaptation to meet bioenergetics demands [2]. 
One of the activating molecules of immune 
cells is adiponectin (AQ), which stimulates B 
cells to release a naturally occurring mediator 
peptide, called PEPtide inhibitor of transendo-
thelial migration (PEPITEM) that controls the 
recruitment of immune cells to inflamed tis-
sues [3]. The role of cellular metabolism in 
immune cell function and differentiation has 
recently attracted a lot of attention. It has been 
shown that the treatment of NK cells with inter-
leukin-2 and interleukin-15 increases glycolysis 
and oxidative phosphorylation (OXPHOS) path-
ways to improve their function [4]. There is high-
ly regulated integration and interaction between 
the immune system and metabolism, as evi-
dent from accumulating data. For example, 
recent data indicate that T cell proliferation is 
influenced by nutrient uptake and utilization 
[5]. One mechanism by which immune cells 
respond to activating and proliferating signals 
is by modulating their metabolic activity; for 
example, T cells undergo metabolic reprogram-
ming that leads to glucose and amino acid 
upregulation to improve their immune response 
[6, 7]. However, the mechanisms of intracellu-
lar metabolism and how these metabolic path-
ways modify the phenotype and activation of 
immune cells are poorly understood. The only 
aim of cellular metabolic reactions and path-
ways is biosynthesis and generation of ATP; 
however, recent discoveries and insights have 
shown that these reactions and pathways con-
trol and regulate immune cell function by meta-
bolic reprogramming mechanisms [8].

Controlling leukocyte recruitment and transmi-
gration plays a crucial role in inflammatory 
response initiation and resolution. In some 
cases, inappropriate leukocyte recruitment is 
prolonged, eventually leading to pathological 
conditions, such as diabetes, autoimmune dis-
eases, and atherosclerosis [9-11]. Our previous 
work showed that B cells stimulated by AQ 
secrete PEPITEM, which effectively inhibits 
inappropriate and prolonged T cell transmigra-
tion, ameliorates the symptoms, and inhibits 
disease progression [3]. Moreover, exogenous 
treatment with PEPITEM restored PEPITEM con-
trol of T cell trafficking and inhibited T cell 
recruitment into inflamed tissues in animal 
models [3]. During pathological conditions, for 

many various cellular metabolic modifications, 
the B cell-AQ stimulation pathway could become 
dysregulated, which in turn leads to the inability 
to release PEPITEM and subsequently leads to 
prolonged and unwanted T cell transmigration, 
which has been supported by strong evidence 
[3, 9-11]. AQ is the most abundant hormone 
derived from adipocytes, and recent data have 
shed some light on its homeostatic function in 
immune cells or metabolic cells through its 
immunomodulatory effects [12]. AQ plays a key 
role in the progression of inflammation and 
metabolic disorders. Therefore, the role of AQ 
in immune modulation and disease progress  
is important for our understanding of disease 
progression and normal homeostasis. Innate 
immunity mediators, such as natural killer (NK) 
cells and monocytes, have been suggested to 
mediate cellular metabolic pathways, such as 
the regulation of energy and glucose homeo-
stasis. Additionally, the literature suggests that 
AQ exerts its effects on energy consumption 
and insulin sensitivity through a dependent 
innate immune response [13].

Studying the effect of predisposing factors, 
such as racial and ethnic backgrounds, will 
help clarify the role of causative factors, such 
as genetics or environment, as well as evaluate 
the efficacy of novel drugs and optimize dosing 
for a certain population. The impact of racial 
differences in disease development has been 
increasingly supported by many studies; for 
example, the US database analysis has shown 
that the progression of chronic kidney disease 
at advanced stages in black people is four 
times faster than that in Caucasians [14, 15]. 
Moreover, racial differences are an important 
factor in evaluating drug response in clinical tri-
als. Aggarwal et al. studied the impact of eth-
nicity on the tolerability of PI3K/mTOR inhibi-
tors and concluded that the drug has a higher 
metabolic impact on Asian patients and that 
these patients need more studies to optimize 
their doses [15]. In autoimmune diseases, 
another study has shown that gender and eth-
nic differences play a significant role in the 
development of autoimmune diseases; never-
theless, the underlying mechanism remains 
unclear [16]. Another retrospective study in the 
UK, a cohort study of 4.4 million subjects, con-
cluded that ethnicity has a significant impact 
on the development of allergic diseases and 
autoimmune disorders [17].
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Here, we aimed to investigate the ability of B 
cells, NK cells, and monocytes to release 
PEPITEM in response to AQ stimulation. Such 
findings could lead to the determination of 
novel therapeutic strategies in inflammation 
modulation, both in the context of vascular biol-
ogy and classical clinical immunology.

Methods and materials

Cell preparation and isolation protocol for dif-
ferent cell types were optimized to one work-
flow to control any variability related to different 
isolation methods specific to each peripheral 
blood mononuclear cells (PBMCs) subtype.

Human subjects: sample collection

Fresh blood was collected from male Saudi 
healthy donors (20-35 years old and BMI < 25) 
recruited from the College of Medicine at King 
Saud bin Abdulaziz University for Health 
Sciences (KSAU-HS), Riyadh, KSA. This study 
was approved by the institutional review board 
(RC18/004/R). The phlebotomy procedure was 
performed by a certified phlebotomist, and 
donors were asked to fill out a mandatory con-
sent form. Fresh blood was used for isolation 
and purification protocols, whereas serum 
samples were collected and stored at -80°C for 
enzyme-linked immunosorbent assay (ELISA). 
The sample size is guided by the variance from 
our published work, where we determined the 
right dosage of adiponectin and the proper 
incubation time [3]. Moreover, Randomization 
was not required for this study. 

Three blood samples were obtained from 3 dif-
ferent donors and from each sample three 
experimental samples (B cells, NK cells, and 
monocytes) were isolated. Thereafter, two sets 
from each experimental sample (AQ stimulated 
and non-AQ stimulated) were prepared. Finally, 
from each set, two analytical replicates.

Isolation kits and AQ stimulation

B cells, NK cells, and monocytes were isolated 
from fresh blood using immunomagnetic nega-
tive selection kits for B cells, NK cells, and 
monocytes (EasySep™ Human B Cell Isolation 
Kit (Cat 19674)), EasySep™ Human NK Cell 
Isolation Kit (Cat 19665), EasySep™ Human 
Monocytes Isolation Kit (Cat 19669), (ST- 
EMCELL Technologies, Vancouver, Canada), 

according to the manufacturer’s protocols. In 
summary, undesired cells were labeled with 
antibodies and easySep direct rapidSpheres 
particles and were separated using an EasySep 
magnet. Briefly, 7 mL of heparinized fresh blood 
was collected and added to 14 mL Falcon® 
round-bottom tubes (Cat 38008). Next, isola-
tion cocktails and RapidSpheres (50 µL/mL 
sample) were vortexed and transferred into 
Falcon tubes and incubated for 5 min at ro- 
om temperature (RT). D-phosphate-buffered 
saline-free Ca++ and Mg++ (Cat 37350) were 
then transferred to the top of the tube with  
gentle pipetting. The tube was then placed into 
the big easy magnet (STEMCELL Technologies 
(Cat 18001)) without a lid and incubated for 5 
min. After incubation, only RapidSpheres were 
added, and the tubes were again placed in the 
magnet. Finally, a third separation step was 
performed, and the cell population was purified 
and stored until use. The NK cell and monocyte 
isolation methods were similar to the previously 
mentioned steps, with the only difference being 
that the isolation cocktail varied based on the 
isolation kit used. Another difference is the 
monocyte isolation kit, which recommends 
using 1-3 mL of fresh blood and phosphate-
buffered saline containing 1 mM EDTA medium. 
For AQ stimulation, the isolated populations, 
approximately 2-5 × 105 B cells, NK cells, and 
monocytes were incubated in the presence or 
absence of AQ at 15 μg/mL for 1 h under agita-
tion. The mixture was then centrifuged at 1,800 
rpm for 8 min, and the supernatant was stored 
for mass spectrometry analysis.

Flow cytometry

To analyze the purity of the isolated popula-
tions, flow cytometry was performed. PBMCs 
(1.5 × 106) were washed with phosphate-buff-
ered saline by centrifugation at 1,500 rpm for 7 
min, followed by the addition of 2 µL of FcR 
blocking reagent (Miltenyi Biotec, (Cat 130-
059-901)) to prevent non-specific binding of 
antibodies, and the conjugated markers CD19 
for B cells, CD56 for NK cells, and CD14 for 
monocytes (Thermo Fisher Scientific, Waltham, 
MA USA) (25-0199-42, 12-0567-42, 17-0149-
42). An additional experiment was performed 
to measure the surface expression of AQ recep-
tors 1 and 2 (AR1 and AR2, respectively) in 
each population (phoenix pharmaceuticals, Cat 
G-001-23, G-001-44). After incubation for 30 
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min at 4°C, the samples were washed twice 
and resuspended in 300 µL flow cytometry 
staining buffer (STEMCELL Technologies, Van- 
couver, Canada).

Mass spectrometry analysis

We used an unbiased peptidomics screen to 
detect PEPITEM in the supernatant of purified 
isolated subsets following stimulation with or 
without AQ. After B cells, NK cells, and mono-
cytes were incubated with AQ, the peptides 
were purified from the supernatant. Purification 
was performed using a C18 solid-phase ex- 
traction (SPE) column (Supelco, DSC-18/Sigma 
Aldrich Darmstadt, Germany (Cat 52602-U)) as 
previously published [18]. The columns were 
preconditioned with 1 mL 0.1% trifluoroacetic 
acid (TFA) in acetonitrile and allowed to flow 
under gravity. Subsequently, the column was 
equilibrated with 0.1% TFA/water and the sam-
ple, adjusted to 0.1% TFA, was added to the  
column. Finally, the column was washed with 1 
mL of 0.1% TFA/water, and the peptides were 
eluted using 0.1% TFA/acetonitrile (1 mL). The 
eluted peptide samples were analyzed using a 
nano LC-MS/MS (nano liquid chromatography-
tandem mass spectrometry) as previously 
described (35). Briefly, the samples were inject-
ed into an Ekspert nano LC 425 (Eksigent, 
Dublin, CA, USA) coupled with a TripleTOF 5600 
(Sciex, Concord, Canada). Peptide separation 
was achieved using a C18 nano LC column 
(3C18-CL, 75 µm × 15 cm, Eksigent, USA) with 
an elution gradient, 0-1 min, 5% B; 1-60 min, 
5-30% B; 60-66 min, 30-80% B; 66-74 min, 
80% B; 74-85 min, 80-5% B; and 85-100 min, 
5% B using mobile phase A (0.1% HCOOH in 
water) and mobile phase B (0.1% HCOOH in 
Acetonitrile). Data-dependent acquisition was 
used to acquire the MS and MS/MS spectra. 
Peptide data processing for peptide identifica-
tion was performed using ProteinPilot Software 
(v. 4.5, Sciex). MS2 data files were searched 
using the UniProt Proteome Humans database 
(downloaded on October 29, 2019).

Dimensionality reduction using peptide binary 
profile data

Once the peptides were identified by MS analy-
sis of different cell types from different sub-
jects, we created a binary (0: absent; 1: pres-
ent) matrix for the set of unique peptides across 
different samples. Peptides with > 1.3 “unused 

score” were considered for further analysis. 
The purpose of this study was to examine pep-
tide profiles across different samples under dif-
ferent treatment conditions. Principal compo-
nent analysis (PCA) of such binary data is 
known as logistic PCA. We used the R package 
“logisticPCA” to analyze the peptide presence/
absence profiles across different samples. We 
chose the rank 3 solution (k = 3) because it pro-
vided a better separation of different subjects.

ELISA

Human total AQ levels were measured in the 
serum using the Quantikine ELISA kit (R/D 
Systems) according to the manufacturer’s pro-
tocol. Fresh blood was collected in yellow top 
chemistry tubes and spun at 2,500 rpm for 15 
min. The serum was then separated from the 
blood using a pasture pipette, and the concen-
tration was measured according to the manu-
facturer’s protocol. All reagents, working stan-
dards, and samples were prepared according 
to the manufacturer’s protocol. Briefly, 100 µL 
of the assay diluent RD1W was added to each 
well. Then, 50 µL of each standard, control, or 
sample was added to the designated well, and 
an adhesive strip was used to cover the plate 
and incubated for 2 h at RT, as previously men-
tioned. The wells were then washed three times 
before 200 µL of human AQ conjugate was 
added to each well. An adhesive strip was used 
to cover the plate, which was then incubated for 
2 h at RT. After that, three washing steps were 
performed before adding 200 µL of substrate 
solution to each well, followed by incubation for 
30 min at RT in the dark. Finally, 50 µL of stop 
solution was added to each well, followed by 
plate reading using a microplate reader, where 
the optical density was measured and AQ 
serum level was measured against a calibra-
tion curve.

Statistical analysis

All experiments were repeated three times, 
independently from a minimum of three biologi-
cal replicates. Data are means ± SEM (N = 3), 
and the differences between groups were 
determined by using an independent sample 
t-test with a Bonferroni post hoc test. P-value 
less than 0.05 were considered significant. 
Probability values of less than 0.05 were con-
sidered significant (*P ≤ 0.05, **P ≤ 0.01, ***P 
≤ 0.001).
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Results

Here, we aimed to determine whether there 
were any alterations in the responses of B cells, 
NK cells, and monocytes to AQ stimulation. 
Specifically, we investigated the release of 
PEPITEM from B cells following AQ stimulation. 
An experimental workflow was employed to 
assess PEPITEM release after AQ stimulation. 
The workflow involved stimulating these cells 
with adiponectin (AQ) and measuring their abil-
ity to release PEPITEM. A schematic of the 
workflow is shown in Figure 1. B cells, NK cells, 
and monocytes were isolated from fresh periph-
eral blood of three healthy Saudi donors using 
immune-magnetic negative selection. Flow 
cytometry was used to validate the purity of the 
isolated populations. The results showed that 
all three cell populations were isolated and 
purified with high purity, as determined by the 
expression of specific cell surface markers 

(Figure S1). Additionally, flow cytometry was 
used to detect the expression of AR1 and AR2 
on the surface of isolated cells. The analysis 
confirmed the expression of ARs as shown in 
Figures 2A, 2B, and 3, respectively. The unbi-
ased peptidomic analysis was employed. 
However, prior to this, the identity of the AQ pro-
tein standard that would be utilized for stimula-
tion must be verified. This was performed by 
injecting the AQ protein standard into liquid 
chromatography-mass spectrometry (LC-MS/
MS). The results of this analysis validated the 
identity of the AQ protein standard (Figure S2).

Next, the validity of the LC-MS/MS method 
used to detect PEPITEM was assessed. This 
was done by pooling all three cell samples into 
one, spiking with the PEPITEM standard as a 
positive control sample, and injecting into 
LC-MS/MS. The resulting MS1 spectrum exhib-
ited PEPITEM (m/z 774.37) with a retention 

Figure 1. Overview of the experimental design. B cell, NK cell, and monocyte were isolated from fresh peripheral 
blood using immunomagnetic negative selection. Flow cytometry was use to Validate the purity of isolated popula-
tions. For mass spectrometry analysis, supernatant of purified B cells, NK cells, and monocytes were stimulated 
with or without adiponectin and then purified using solid phase extraction (SPE). Peptides samples were then sub-
jected to Nano LC-MS/MS. Peptides identification was generated using ProteinPilot software and data analysis was 
performed using R package.
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time of 29 min as shown in Figure 4. Moreover, 
the MS2 spectrum, which shows the fragment 
ions for PEPITEM, confirmed this detection. The 
results are presented in Figure S3. Sub- 
sequently, unbiased peptidomics analysis was 
performed on each cell sample. The results 
showed that the number of identified peptides 
in each cell sample varied (Table 1). The data-
set that contained all peptides identification 
information including peptide sequences and 
confidence score can be found in Table S1. AQ 
stimulation was found to increase the number 
of identified peptides in B cells and monocytes, 
but decreased the number of peptides in NK 
cells.

Interestingly, PEPITEM was not present in any 
of the supernatants of the subsets. Then, we 

investigated the number of unique peptides in 
each cell type in at least two subjects and 
found that each cell type has a unique peptide 
signature, as shown in Table S2.

Comparative analysis and dimensionality re- 
duction were conducted using peptide binary 
profile data across different subjects, diffe- 
rent cell types, stimulated or unstimulated  
by AQLogistic principal component analysis 
revealed cell-type specific signature of unique 
peptides after merging the biological and  
technical replicates, as shown in Figure 5. 
However, with all biological samples (S1, S2, 
S3) and technical replicates (R1 and R2), the 
logisticPCA produced similar segration plot 
showing different cell-types segregated (Figure 
S4). Furthermore, this figure is demonstrating a 

Figure 2. Flow cytometry analysis. A. Representative dot plots of surface expression of adiponectin receptors 1 
(AR1). Flow cytometry analysis was performed to measure the surface expression of AR1 in B cells, NK cells, and 
monocytes. AR1 was measured based on the isotype control for each subset. PBLs were isolated from fresh blood 
samples, stained, and gated on their forward/side scatter profile. A CD19 antibody was used to identify B cells, 
CD56+ for natural killer (NK) cells, and CD14+ for monocytes (Mono). B. Representative dot plots of surface expres-
sion of adiponectin receptors 2 (AR2). Flow cytometry analysis was performed to measure the surface expression 
of AR2 in B cells, NK cells, and monocytes. PBLs were isolated from fresh blood samples, stained, and gated on 
their forward/side scatter profile. A CD19 antibody was used to identify B cells, CD56+ for natural killer (NK) cells, 
and CD14+ for monocytes. Data are means ± SEM (N = 3), and the differences between groups were determined 
by using an independent sample t-test. Probability values of less than 0.05 were considered significant (*P ≤ 0.05, 
**P ≤ 0.01, ***P ≤ 0.001).

http://www.ajcei.us/files/ajcei0159055suppltab1.xlsx
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good reproducibility as the technical replicates 
are close on the two-dimensional plot.

Discussion

The interaction of AQ and immune cells is 
essential for our understanding of the disea- 
se progression, normal homeostasis, and in 
immune modulation. Our previous work shown 
that B cell, upon AQ stimulation, secrets 
PEPITEM which modulates T cell transmigration 
[3]. Here we wanted to check if there are any 
alterations in the response of B cell, NK cell, 
and monocyte to AQ stimulation; specifically, 
we aimed to investigate the release of PEPITEM 
from B cell after AQ stimulation. Based on the 
same rational, since NK cell and Monocyte 
express ARs on their surface just like B cells, 
we want to check if PEPITEM or other novel 
peptides will be released from them after AQ 
stimulation using unbiased peptidomic analy-
sis to identify any secretomes from the purified 
subsets.

After excluding all possible technical issues, 
the inability to release PEPITEM could be attrib-
uted to immunometabolic alterations in B cells. 
Immune responses, such as B cell activation 
and proliferation, are heavily linked to dynamic 
modifications of cellular metabolism in B cells; 
hence, any noticeable changes in response, 
such as the inability to release PEPITEM, could 

be attributed to changes in cellular metabo-
lism, which has been supported by the litera-
ture [19-22]. Additionally, advances in immuno-
metabolic research in the last decade have 
suggested a strong relationship between in- 
flammation and metabolism, and the regula-
tion of immune cell functions by intracellular 
metabolism [20]. Moreover, due to environmen-
tal factors such as intracellular signals or cyto-
kines, immune cells endure intense reprogram-
ming, which could lead to the dysregulation of 
immune cell functions in diseases [22]. B cells 
are known to be key players in the AQ-PEPITEM 
pathway because of PEPITEM release after AQ 
stimulation; therefore, they exhibit anti-inflam-
matory properties, which is supported by the 
identification of regulatory B cells character-
ized by their anti-inflammatory properties [23]. 
Based on our findings, the lack of PEPITEM 
release could indicate that B cells underwent 
cellular metabolic modifications that led to the 
exhibition of pro-inflammatory properties, such 
as the absence of PEPITEM release in response 
to AQ stimulation. Literature suggests that the 
cytokine microenvironment and intracellular 
and extracellular metabolic signals determine 
the fate of B cells with anti-inflammatory and 
pro-inflammatory properties [23]. Two well-
known B cell metabolic pathways are linked to 
adipocyte immune cell inflammation, which can 
be further investigated: glycolysis, which is 
essential for growth, and clonal expansion 
mediated by B cell antigen receptors [24]. The 
second mechanism is OXPHOS, which is impor-
tant for B-cell differentiation and growth [24, 
25]. Furthermore, Keppel et al. discovered that 
the activation signal of IFN-γ changes the meta-
bolic requirements of immune cells [26]. In con-
clusion, AQ stimulation could provide another 
activation signal, and as a result, the metabolic 
requirement of stimulated B cells would change.

As mentioned earlier, PEPITEM inhibits T-cell 
transmigration, which ameliorates disease pro-
gression [3]. Therefore, if PEPITEM is not 
released for any reason, prolonged T-cell trans-
migration would eventually lead to a chronic 
inflammation state. This hypothesis can explain 
the soaring epidemic of diabetes in Saudi 
Arabia, which is ranked as the second highest 
rate of diabetes in the Middle East and the sev-
enth highest in the world by the World Health 
Organization [27]. Further research and re- 
plication studies are required to confirm this 
hypothesis.

Figure 3. Percentage of the surface expression of 
adiponectin receptors 1 and 2 (AR1, AR2) on B cells, 
NK cells, and monocytes. AR1 was measured based 
on the isotype control for each subset. PBLs were iso-
lated from fresh blood samples, stained, and gated 
on their forward/side scatter profile. A CD19 anti-
body was used to identify B cells, CD56+ for natural 
killer (NK) cells, and CD14+ for monocytes (Mono). 
Data are means ± SEM (N = 3), and the differences 
between groups were determined by using an inde-
pendent sample t-test. Probability values of less than 
0.05 were considered significant (*P ≤ 0.05, **P ≤ 
0.01, ***P ≤ 0.001).
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The unbiased peptidomic screen for any secre-
tomes released from NK cells or monocytes 
after AQ stimulation showed that neither 
PEPITEM nor novel peptides were identified; 
however, known peptides were identified after 
AQ stimulation, but without relevant signifi-
cance. As suggested earlier, the same OXPHOS 
and glycolysis pathways play a role in the 
immune function of both NK cells and mono-

cytes, which change their metabolic require-
ments after AQ stimulation [4, 26, 28].

Another potential explanation for the inability of 
B cells to release PEPITEM is ethnicity, which 
may affect AQ stimulation efficacy. AQ is mainly 
produced by adipose tissue and has recently 
attracted attention for its role in systemic 
inflammation. However, the mechanisms un- 
derlying these effects are poorly understood 
[29-31]. The SWAN study, which investigated 
differences in the secretory profile of adipose 
tissue across different ethnicities, concluded 
that there is a significant racial difference  
in the levels of circulating adipokines [32]. 
Nevertheless, more confirmatory experiments 
are required.

We also hypothesized that a potential lack of 
serum AQ might trigger cell resistance to acute 
stimulation, which explains the inability of B 
cells to release PEPITEM. To address this ques-
tion, circulating serum level of AQ was mea-

Figure 4. Extracted-ion chromatogram (XIC) and MS1 spectrum shows the mass of PEPITEM (m/z 774.37) in pooled 
sample (B cells, NK cells, monocytes) spiked with/without PEPITEM standard. Data generated using PeakView 
software.

Table 1. Summary of the number of identified 
peptides in each PBMCs subsets including; B 
cells, NK Cells, and monocyte

PBMCs subsets
Number of identified peptides

Unstimulated Stimulated with 
Adiponectin

B cells 587 829
NK cells 847 668
Monocyte 492 605
All cells were stimulated with or without adiponectin and 
then subjected to LC-MS/MS and then identified using 
ProteinPilot Software.
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sured in all subjects, as shown in Figure S5 and 
the level was 7 μg/mL. However, the lack of 
Saudi Arabian-based data on serum adipokine 
levels did not allow us to determine normal  
circulating AQ levels in the Saudi Arabian popu-
lation. Nevertheless, the literature suggests 
that AQ serum levels below 4 μg/mL are indica-
tive of hypoadiponectinemia, which was not 
observed in the studied subjects [33]. Addi- 
tionally, a study by Gardner et al. (2013) show- 
ed that AQ serum levels among black people 
and Hispanics were lower than those among 
Caucasian people [34]. This suggests that 
race-ethnic differences in circulating adipokine 
levels may have affected the ability of AQ to 
stimulate B cells to release PEPITEM in the 
Saudi population.

One limitation of this study is the small sample 
size, which may affect the generalizability of the 
findings. To confirm these results, future stud-
ies should include a larger and more ethnically 
diverse cohort. Additionally, further research 
should focus on validating and quantifying 
PEPITEM in circulation using sensitive tech-
niques such as ELISA or LC-SRM

Conclusion

The inability of B cells to release PEPITEM after 
AQ stimulation is intriguing and suggests poten-
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Figure S1. Representative dot plots of purity of isolated populations. Flow cytometry analysis was performed to 
characterize the isolated population. PBLs were isolated from fresh blood samples, stained, and gated on their 
forward/side scatter profile. A CD19 antibody was used to identify B cells, CD56+ for natural killer (NK) cells, and 
CD14+ for monocytes. Data are means ± SEM (N = 3) and the differences between groups were determined by us-
ing an independent sample t-test. Probability values of less than 0.05 were considered significant (*P ≤ 0.05, **P 
≤ 0.01, ***P ≤ 0.001).
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Figure S2. The identification of Adiponectin (AQ) by LC-MS/MS. Screenshot from ProteinPilot Software.

Figure S3. Screenshot form Peakview software shows MS2 spectrum, the fragments ions of PEPITEM and Frag-
ments mapping in pooled sample (B cells, NK cells, monocytes) spiked with PEPITEM standard. Data generated 
using Peak-View software.
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Table S2. Unique peptides identified in at least two biological subjects in B, Monocytes, and NK cells 
B Cells Monocytes NK cells

Unstimulated KVSFLSALEEYTKKLNT
AMFKVGPEADKYRLTYAY

GSAGHWTSESSVSG AHKSEVAHRFKDLGEENFKALVLIA
QVLPWLKEKLQDEDLGFL

EEAGARVQQNVPSGTDTGD
Stimulated AGHWTSESSV

AGPTGTGESKCPLMVKVLD HKSEVAHRFKDLGEENFKAL
PDPAKSAPAPKKGSKK STGKTFPGFFSPMLGEFVSETESRGS HKSEVAHRFK

SEAEDASLLSFM WESASLL
GEYKFQNA

Table S1. Peptides identification in all cells samples including biological and technical replicates, 
provided as separate Excel sheet
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Figure S4. Logistic principal component analysis (PCA) (using “logsvd” function) of unique peptide binary profile 
data across different samples. “Logsvd” model converged at 510 iterations and explained 53.9% of deviance with a 
solution of rank 3. The samples with the same shape and color and size are technical replicates.

Figure S5. Circulating serum adiponectin concentration μg/ml. Acrp30 Quantikine ELISA kit was used to measure 
the Human Total Adiponectin serum concertation. Serum collected in in yellow top chemistry tubes was isolated 
from fresh blood samples. Data are means ± SEM (N = 3). Data are means ± SEM (N = 3), and the differences 
between groups were determined by using an independent sample t-test. Probability values of less than 0.05 were 
considered significant (*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001).


