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Free fatty acids and peripheral blood D
mononuclear cells (PBMC) are correlated
with chronic inflammation in obesity

Su Ligiang', Li Fang-Hui?, Quan Minghu#®, Yang Yanan' and Chen Haichun*"

Abstract Obesity-related chronic inflammation is closely related to the ability of immune cells to adapt to the
body’s needs, research has shown that excess FAs can further activate pro-inflammatory transcription factors in the
nucleus by interacting with various receptors such as CD36 and TLR4, thereby affecting the inflammatory state of
cells. However, how the profile of various fatty acids in the blood of obese individuals is associated with chronic
inflammation remains unclear.

Objective The biomarkers associated with obesity were identified from 40 fatty acids (FAs) in the blood, and analyze
the relationship between the biomarkers and chronic inflammation. Furthermore, by analyzing the difference in the
expression of CD36, TLR4 and NF-kB p65 in peripheral blood mononuclear cells (PBMC) between obese and standard
weight people, understand that immunophenotype PBMC is associated with chronic inflammation.

Methods This study is a cross-sectional study. Participants were recruited from the Yangzhou Lipan weight loss
training camp from May 2020 to July 2020. The sample size was 52 individuals, including 25 in the normal weight
group and 27 in the obesity group. Individuals with obesity and controls of normal weight were recruited to identify
biomarkers associated with obesity from 40 fatty acids in the blood; correlation analysis was conducted between the
screened potential biomarkers FAs and the chronic inflammation index hs-CRP to identify FA biomarkers associated
with chronic inflammation. Changes in the fatty acid receptor CD36, inflammatory receptor TLR4, and inflammatory
nuclear transcription factor NF-kB p65 in PBMC subsets were used to further test the relationship between fatty acids
and the inflammatory state in individuals with obesity.

Results 23 potential FA biomarkers for obesity were screened, eleven of the potential obesity biomarkers were also
significantly related to hs-CRP. Compared to the control group, in monocytes the obesity group expressed higher
TLR4, CD36, and NF-kB p65 in lymphocytes, the obesity group expressed higher TLR4 and CD36; and in granulocytes
the obesity group expressed higher CD36.

Conclusion Blood FAs are associated with obesity and are associated with chronic inflammation through increased
CD36, TLR4, and NF-kB p65 in monocytes.
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Introduction

In the past 40 years, obesity and related diseases have
increased dramatically, and 39% and 13% of adults world-
wide are now overweight and obese [1]. Obesity is related
to the risk of type 2 diabetes, nonalcoholic fatty liver,
cardiovascular disease, tumors, and other diseases [2,
3]. Chronic inflammation plays a key role in the occur-
rence and development of obesity-related diseases [4,
5]. Understanding the mechanisms involved in obesity-
related chronic inflammation is critical for prevention of
obesity-related diseases.

Chronic inflammation is closely related to the ability of
immune cells to adapt to the body’s needs [6, 7]. When
nutrition is sufficient or energy is in surplus, the body
accumulates energy, and immune cells react to this by
altering their activity [8]. Thus, energy accumulation is
closely related to obesity-related chronic inflammation.
From the perspective of energy accumulation, excess
energy is readily converted into fatty acids (FAs), which
are synthesized into triglycerides and stored in adipose
tissue. Despite the fact that fatty tissue has the capability
to store triglycerides, its capacity to do so is constrained.
The adipose tissue of obese individuals contains exces-
sive triglycerides, resulting in a limited ability to absorb
further FAs, resulting in an “overflow” into the blood,
and higher concentrations of circulating FAs [9]. These
FA changes not only offer potential biomarkers but also
modulate the body’s immune function.

High concentrations of FAs in the blood cause ecto-
pic fat accumulation in non-fat organs that harm health
and trigger chronic inflammation by stimulating immune
cells [10]. There are many kinds of FAs in the blood,
including saturated FAs, monounsaturated FAs, polyun-
saturated FAs, and others. FAs have different functions
that are related to their chemical structure. For example,
long-chain saturated FAs can cause an inflammatory acti-
vation in cultured mononuclear macrophages [11], while
polyunsaturated FAs have anti-inflammatory effects [12].
Changes in the content of various blood FAs affect the
physiological function of the body [13]. However, how
the profile of various fatty acids in the blood of obese
individuals is associated with chronic inflammation
remains unclear [14]. Understanding these relationships
would help guide the development of targeted interven-
tions for obesity-related chronic inflammation and the
subsequent prevention of related diseases.

This study hypothesized that high concentrations of
FAs in the blood are related to chronic inflammation,
and immunophenotype peripheral of PBMC involved
in obesity related chronic inflammation. The biomark-
ers associated with obesity were identified from 40 fatty
acids in the blood, and analyze the relationship between
the biomarkers and chronic inflammation. Furthermore,
by analyzing the difference in the expression of CD36,
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TLR4 and NF-kB p65 in PBMC between obese and stan-
dard weight people, understand that immunophenotype
PBMC is associated with chronic inflammation.

Materials and methods

Participants

Participants were recruited from the Yangzhou Lipan
weight loss training camp from May 2020 to July 2020.
Participants were divided into a normal weight group or
obesity group. All participants were aged 18-45 years.
Individuals in the normal weight group were required
to have a BMI of 18.5-23.9, while the obesity group had
a BMI of 228 (The Chinese BMI criteria [15, 16]). We
excluded individuals with inflammatory events, infec-
tious diseases, long-term medication, hypertension,
diabetes, professional physical training, and sports con-
traindications. During training, the health records of the
participants were obtained. This study was approved by
Fujian Normal University with clinical trial registration
number ChiCTR2200058959. The participants signed an
informed consent form.

Outcome measures

We collected basic demographic information (name,
gender, age, height, weight, and health history [physical
examination, disease, medication, and sports injury]),
BM]I, blood lipid and chronic inflammation indicators,
blood fatty acid content, and the expression of PBMC
subsets surface receptor CD36, inflammatory receptor
TLR4, and inflammatory transcription factor NF-kB p65.

The blood lipids of interested included total cholesterol
(TC), total glyceride (TG), high-density lipoprotein cho-
lesterol (HDLC), and Low-density lipoprotein cholesterol
(LDLC). We also measured high-sensitivity C-reactive
protein (hs-CRP) as a marker of chronic inflammation.
Blood was collected from volunteers on an empty stom-
ach at 7:00—8:00 in the morning the day after they joined
the camp (fasting from 22:00). 5ml of blood was collected
from a vein in the antecubital fossa using a vacuum tube
containing a serum gel separator. The blood coagu-
lated at room temperature for 30 min, was centrifuged
at 3000 rpm for 5 min, and extract supernatant (serum)
was stored in Sterile centrifuge tube, stored at 4 °C. The
serum samples were submitted to Nanjing Aidikang
Medical Laboratory Center on the same day for analyses
of TC, TG, HDLC, LDLC, and hs-CRP.

The concentrations of C4:0, C6:0, C8:0, C10:0,
C11:0, C12:0, C13:0, C14:0, C14:1N5, C15:1N5, C15:0,
C16:1N7, C16:0, C17:1N7, C17:0, C18:1TN9, C18:1N9,
C18:2TTN6, C18:3N6, C18:3N3, C18:0, C20:1N9,
C20:2N6. C20:0, C20:3N6, C20:4N6, C20:3N3, C21:0,
C22:0, C23:0, C24:0, C20:5N3, C22:2N6, C22:1N9,
C22:4N6, C22:5N6, C22:5N3, C22:6N3, C24:1N9 (The
fatty acids corresponding to the abbreviations are shown
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in Supplementary Table 1) in the serum samples were
tested by an Agilent 7890/5975 C gas mass spectrometer
(Agilent, USA). Total saturated fatty acids (SFA) were the
sum of SFAs. Total monounsaturated fatty acid (MUFA)
was the sum of MUFAs. Total polyunsaturated fatty acid
(PUFA) was the sum of PUFAs. Total-N3 was the sum of
N3PUFAs. Total-N6 was the sum of N6PUFAs. FA con-
centrations were determined by Applied Protein Tech-
nology (APTBIO).

CD36, TLR4, and NF-kB p65 in PBMC subsets were
tested by flow cytometry. The volunteers provided fasting
blood as outlined previously into a heparin sodium tube,
this was preserved at 4 °C, and PBMCs were extracted
within 2 h.

CD36, TLR4, and NF-«B p65 staining and flow cytom-
etry was as follows. NF-kB p65 Fluorescent labeled anti-
body was purchased from CST, NF-kB p65 (D14E12) XP
Rabbit mAb (Alexa Fluor 488 Conjugate), CD36 fluores-
cent labeled antibody was purchased from Biogene (APC
anti human CD36 Antibody), TLR4 was purchased from
BD bioscience (Hu TLR4 (CD284) PE TF901), and eryth-
rocyte lysate, permeabilizing buffer, and fixative were
purchased from Shanghai Yisheng Biotechnology Co.,
Ltd.

CD36 and TLR4 were stained in 100 pL of cell suspen-
sion with 5uL of fluorescent-labeled antibody in the dark
at 4 °C for 15 min, centrifuged 5 min at 500 g, washed
with PBS once, and resuspended in PBS for analysis.
NF-kB p65 was stained in the fixed and permeabilized
cell suspension (350uL of 4 °C fixative buffer, washed
and centrifuged as above, 1ml of permeabilizing buffer at
room temperature for 10 min, washed) in 70 ul of perme-
abilizing buffer with 1.5 pl of NF-kB p65 antibody in the
dark for 30 min, washed and resuspended as above. Data
were acquired on a BD FACS Aria III (APC on FL4, PE on
FL2, and NF- «kB-FITC on FL1) and analyzed with Flowjo
10.6.2 software. Gating was for single cells (forward scat-
ter, FSC and side scatter, SSC), then using FSC-a vs. FSC-
h, the mononuclear cells were selected while doublets
were excluded. Based on cell size and granularity, the
granulocytes, lymphocytes, and monocytes were gated
[17]. Subgrouped cell populations were then tested for
TLR4-PE, CD36-APC, and NF-kB p65-FITC signals, with
gating for positive expression being set above unstained
control cells, and percentages of negative and positive
populations were then recorded. The percentage of CD36
or TLR4, or NF-«B p65 positive cells was determined by
calculating the difference between the percentage of pos-
itive cells in the test vial and that in the control vial.

Statistical analysis

The screening of potential biomarkers of obesity was
completed by SIMCA-P 14.1 software. The fatty acid
content data matrix was imported into SIMCA-P 14.1

Page 3 of 9

software for unsupervised principal components analy-
sis (PCA) and supervised orthogonal partial least squares
discriminant analysis (OPLS-DA) [18]; the principal
component with the largest contribution to inter-group
variability was identified through the OPLS-DA model.
The permutation experiment and CV-ANOVA method
further verified the validity of the model. If the R*Y and
Q? values of the model after random permutation were
both less than the model values, the actual model was
deemed to be valid. The CV-ANOVA gain at P<0.05
indicated that the model was established successfully. The
variable importance in projection (VIP) of each fatty acid
variable was obtained according to the OPLS-DA model
analysis, and the potential biomarkers were screened
by using VIP>1.0 as the standard [19]. The VIP of fatty
acid>1.0, and the mean comparison of fatty acid content
between the obesity group and the normal weight group
(P<0.05) were used as the criteria for screening potential
biomarkers of obesity.

Data are expressed as meanztstandard deviation and
compared by independent samples t-tests. Statisti-
cal Package R (The R Foundation, version 3.1.2) and
Empower (R) were used for these analyses. P<0.05 and
p<0.01 indicate statistically significant differences.

Evaluation of sample size

The discriminant analysis model was used to estimate the
required study sample size. We determined that at n=50,
the specificity and sensitivity of discrimination could
reach 0.85 [20]. The actual sample size was 52 individu-
als, including 25 (male:60%) in the normal weight group
and 27 (male: 59.26%) in the obesity group, which meets
the sample size requirements.

Results

Study population characteristics

25 control individuals (normal weight group) and 27
obese individuals (Obesity group) were enrolled. Study
participant clinical characteristics are shown in Table 1.
There were no significant differences in age or height
between the normal weight and the obesity group. There
were significant differences in weight, BMI, TC, TG,
HDLC, LDLC, and hs-CRP between the two groups.

Fatty acid concentrations in blood

The concentration of fatty acids is shown in Table 2. This
study found no compared differences in serum C10:0,
C12:0, C18:3N6, C20:0, C22:1N9, C22:2N6, C23:0, or
C24:0 between the two groups, but the concentration of
other 31 FAs, total SFA, total MUFA, total PUFA, total
N3, and total N6 were higher in the obesity group com-
pared to the normal weigh group.
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Table 1 Participant characteristics by study group. Significant
differences are indicated in bold

Normal weight  Obesity P

N=25 N=27
female 10 (40.00%) 11 (40.74%) 0.956
male 15 (60.00%) 16 (59.26%)
Age (years) 2740+6.55 30.19£5.71 0.108
Height (cm) 167.08+£6.93 170.19+£8.32 0.152
Weight (kg) 62.10+558 102.69+21.97 <0.001
BMI (kg/m?2) 2222+153 35.11+£5.05 <0.001
TC(mmol/L) 432+0.58 4.96+1.00 0.007
TG(mmol/L) 0.99+047 1.78+1.17 0.003
HDLC(mmol/L) 133£0.16 1.19+0.22 0.011
LDLC(mmol/L) 2.50+0.51 3.08+0.70 0.001
hs-CRP(mag/L) 1.64+0.69 4.87+1.96 <0.001

Obesity accompanied by high concentrations of free fatty
acids in blood

Potential biomarkers of obesity were screened. The FAs
in the two groups were analyzed by PCA. It can be seen
from the PCA score chart that FAs in the obese and nor-
mal weight groups were well differentiated in the chart
(Supplementary Fig. 1-a), suggesting that there were
variations in the profiles of fatty acids between the two
groups.

By analyzing the score plot of the OPLS-DA model
(Supplementary Fig. 1-b), it can be seen that the FA
scores of the obese and normal weight groups are clus-
tered, with perfect separation, no overlap, and almost no
crossover, Q2=0.49>0.4, R2Y=0.713, which shows that
the model has good goodness of fit and predictive power.

The CV-ANOVA analysis results showed that the
OPLS-DA model was significant (P<0.01). The random
array experiment carried out 200 array experiments on
the model [21]. After the random array, the R2Y and
Q2 values of the OPLS-DA model were smaller than
the actual model values (Supplementary Fig. 1-c), which
shows that the model was effective.

The VIP value of each FA obtained by the OPLS-
DA model and the difference test results of the average
fatty acid content between the two groups are shown
in Table 2. Among many FAs, the following conditions
were required when screening potential biomarkers of
obesity: in the OPLS-DA model, the contribution index
VIP of fatty acid evaluation and discrimination effective-
ness is >1.0 and there is a significant difference in the
mean value of fatty acid content between the two groups.
In this study, C17:1N7, C15:0, C17:0, C14:0, C18:2N6,
C20:2N6, C18:1N9, C16:0, C16:1N7, C20:5N3, C15:1N5,
C18:0, C22:0, C22:5N3, C13:0, C24:1N9, C22:6N3,
C22:4N6, C20:1N9, total PUFA, total SFA, total MUFA,
and total N3 all met these requirements.
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The relationship between potential biomarkers and
chronic inflammation

This study used hs-CRP as an indicator of chronic inflam-
mation and analyzed its relationship with FAs, found that
C20:4N6, C15:1N5, C18:1N9, C11:0, C20:5N3, C16:0,
total SFA, total-N6, C13:0, C18:0, C24:1N9, C21:0, C22:0,
C22:4N6, C17:1N7, and C24:0 significantly related to hs-
CRP (Table 3).

Based on these data, this study found that C17:1N7,
C18:1N9, C16:0, C20:5N3, C15:1N5, C18:0, C22:0, C13:0,
C24:1N9, C22:4N6, and total SFA are possible bridges
that connect obesity and chronic inflammation (Fig. 1).

Expression of CD36, TLR4, and NF-kB p65 in PBMC subsets
To further understand the relationship between FAs and
chronic inflammation, nine individuals from the normal
weight group and the obesity group were respectively
randomly selected for exploratory research. Peripheral
blood was collected to obtain PBMCs, and the expression
of CD36, TLR4 (Fig. 2), and NF-kB p65 (Supplementary
Fig. 2) in PBMC subsets (monocytes, lymphocytes, and
granulocytes) was analyzed by flow cytometry.

This study found that (Table 4), compared to the nor-
mal weight group, the obesity group expressed higher
TLR4, CD36, and NF-«kB p65 in monocytes; the obesity
group expressed higher TLR4 and CD36 in lympho-
cytes; and the obesity group expressed higher CD36 in
granulocytes.

Discussion

Chronic inflammation severity is related to higher blood
FAs in obese individuals

FAs provide a sensitive index of disordered lipid metab-
olism [22]. Blood FAs include non-esterified FAs and
esterified FAs bound to triglycerides. Blood FAs are com-
posed of exogenous FAs from dietary sources and endog-
enous FAs synthesized in the body. Many diseases, such
as cardiovascular diseases, tumors, and metabolic dis-
eases, can show abnormal FAs profiles in the blood [23—
25]. Our study shows that 31 FAs, total SFA, total PUFA,
total MUFA, total N3, and total N6 are higher in obese
individuals (Table 2). With the high fat and energy intake,
once FAs are utilized to maintain physiological function,
the surplus remains in the circulation resulting in higher
measurable FA concentrations. As such, blood FAs are
potential biomarkers of obesity.

We utilized Agilent 7890/5975 C gas mass spectrom-
eter (Agilent, USA) to detect 39 out of our target 40
FAs (C4:0 was not detected) in serum. Potential bio-
markers associated with obesity were identified includ-
ing C17:1N7, C15:0, C17:0, C14:0, C18:2N6, C20:2N6,
C18:1N9, C16:0, C16:1N7, C20:5N3, C15:1N5, C18:0,
C22:0, C22:5N3, C13:0, C24:1N9, C22:6N3 C22:4N6,
C20:1N9, total PUFA, total SFA, total MUFA, and
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Table 2 Comparison of blood FAs by group. Significant differences, VIP > 1 are indicated in bold and reflect potential obesity

biomarkers

Fatty acid Normal weigh(N=25) Obesity P viP Potential biomarkers
(pg/ml) (N=27)

Total-SFA 423.22+75.96 619.78+228.77 <0.001 1.294 Yes
Ce6:0 0.00+£0.00 0.01+0.00 0.007 0.961

8.0 026+0.11 049+0.38 0.005 0.985

C10:0 0.74+0.39 0.81+0.46 0.562 0.562

C11:0 0.00+0.00 0.01+0.00 0.003 0.945

C12:.0 0.44+0.35 0.60+0.57 0.244 0.669

C13:.0 0.01+£0.00 0.03+£0.02 0.002 1.101 Yes
C14:.0 429+3.09 11.29+£12.51 0.009 1.100 Yes
C15:0 123+£048 2.00+£0.98 <0.001 1.180 Yes
c1e:.0 285.51£53.32 428.24+15792 <0.001 1.304 Yes
C17:.0 2.26+0.80 349+1.60 0.001 1.106 Yes
c180 109.16 £ 24.02 151.24+54.64 <0.001 1.140 Yes
C20:0 0.74+0.32 0.95+0.63 0.143 0.637

C21:.0 0.12+0.03 0.17+0.07 0.008 0.995

C22:0 9.25+3.50 15.61+£8.03 <0.001 1.137 Yes
€230 0.05+0.01 0.07+0.03 0.074 0.700

C24:.0 0.27+£0.09 0.34+0.20 0.088 0.619

Total-MUFA 283.69+85.00 487.26+227.64 <0.001 1.268 Yes
C14:1N5 0.13£0.15 0.69+0.79 <0.001 0.965

C15:1N5 039+0.28 0.77+0.43 <0.001 1.145 Yes
C16:1N7 13.37+6.15 36.47+27.30 <0.001 1.247 Yes
C17:IN7 0.85+0.35 200+1.24 <0.001 1.298 Yes
C18:1TN9 032+0.13 045+0.21 0.014 0.753

C18:1N9 21634+57.46 393.59+185.98 <0.001 1.306 Yes
C20:1N9 2.17+0.56 335+1.64 0.001 1.020 Yes
C22:1N9 0.98+0.64 1.21+£0.94 0305 0.591

C24:1N9 3044+10.19 4564+18.03 <0.001 1.048 Yes
Total-PUFA 643.26+151.60 795.67 £254.27 0.012 1.016 Yes
Total-N3 28.88+7.77 40.92+19.09 0.005 1.126 Yes
C18:3N3 943+4.61 14.47 £6.90 0.003 0.982

C20:3N3 091+£0.27 1.07+£0.40 0.104 0.809

C20:5N3 0.24+0.07 040+0.21 <0.001 1.167 Yes
C22:5N3 845+222 12.34+£4.82 <0.001 1.122 Yes
C22:6N3 840+2.65 11.12+4.04 0.006 1.046 Yes
Total-N6 614.37+146.87 754.75+237.08 0.014 0.997

C18:2TTN6 0.06+0.03 0.11+£0.09 0.022 0.676

C18:2N6 392.81+86.37 51729417812 0.003 1.098 Yes
C18:3N6 10.08£11.95 542+2.76 0.055 0.554

C20:2N6 504141 6.60+2.66 0.012 1.034 Yes
C20:3N6 2295+11.17 32.75+£15.90 0.014 0921

C20:4N6 137.72+42.51 179.85+57.52 0.004 0.894

C22:2N6 0.18+0.07 0.23+0.20 0.179 0.597

C22:4N6 490+1.13 6.57+2.40 0.003 1.028 Yes
C22:5N6 483+£1.23 5.89+2.02 0.029 0.775

total-N3, through PCA and OPLS-DA statistical strate-
gies. These markers include SFAs, MUFAs, and PUFAs.
When basic physiological requirements are fulfilled,
excess energy is stored in the form of fat that ultimately
increases body size and weight. We show that both pro-
tective and harmful FA concentrations are increased in

obese individuals. This suggests that during energy sur-
plus, FAs are stored without preference for their func-
tion and their abundance is reflected in a higher blood FA
concentration. In addition to reflecting the energy sur-
plus, high blood FA concentrations also play other roles,
specifically in chronic inflammation.
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Table 3 Correlation between fatty acids and hs-CRP

Fatty acid R P Fatty acid R P Fatty acid R P
C20:4N6 03768 0.0059 C20:1N9 0.2678 0.0549 C14.0 0.1828 0.1946
C15:1N5 0.3582 0.0091 C16:1N7 0.2666 0.0561 C20:3N6 0.1648 0.2429
C18:1N9 03510 0.0107 C6:0 0.2572 0.0657 C18:1TN9 0.1533 0.2779
C11:0 03303 0.0168 C23:0 0.2536 0.0697 C22:1N9 0.1521 0.2818
C20:5N3 0.3298 0.0170 C8:.0 0.2415 0.0845 C18:3N6 -0.1457 0.3027
c1e:.0 0.3264 0.0182 C22:5N3 0.2414 0.0847 C20:2N6 0.1346 0.3413
Total-SFA 03152 0.0229 C22:6N3 0.2357 0.0925 C22:2N6 0.1337 0.3448
Total-N6 03128 0.024 C18:2N6 0.2330 0.0964 C20:0 0.1223 0.3878
C13:0 03123 0.0242 C14:IN5 0.2306 0.1000 C20:3N3 0.1120 04292
c180 0.3051 0.0278 C17:0 0.2269 0.1057 C18:2TTN6 0.0573 0.6868
C24:1N9 0.3036 0.0287 C15:0 0.2242 0.1100 C10:0 -0.0419 0.768
C21:0 0.2883 0.0382 C22:5N6 0.2200 0.1172 C12:0 0.0232 0.8703
C22:0 0.2881 0.0383 Total-PUFA 02137 0.1282

C22:4N6 0.2878 0.0385 C18:3N3 02134 0.1288

C17:1N7 0.2839 0.0414 Total-N3 0.2116 0.1321

C24:.0 0.2753 0.0482 Total-MUFA 02110 0.1333

correlation coefficient: R

Related to chronic
inflammation

Potential biomarker
of obesity

—

C17:1N7
C18:1N9
Cl16:0
C20:5N3
CI15:1N5
C18:0
C22:0
C13:0
C24:1N9
(C22:4N6
Total-SFA

—

Fig. 1 Intersection between potential biomarkers of obesity and fatty
acids related to chronic inflammation

This study screened FAs as a potential biomarker of
obesity and correlated them with hs-CRP, a chronic
inflammatory marker, found that C17:1N7, C18:1NY,
C16:0, C20:5N3, C15:1N5, C18:0, C22:0, C13:0, C24:1N09,
C22:4N6, and total SFA were both potential biomark-
ers of obesity and significantly associated with chronic
inflammation. These FAs may partly explain the relation-
ship between obesity and chronic inflammation. Obese
individuals have rich fat stores. When excess fat can-
not enter lipid droplets, it results in a chronic increase
in blood FAs. The correlation between FAs and chronic
inflammation can be analyzed from the fatty acid recep-
tors on the surface of cells and inflammatory transcrip-
tion factors in the nucleus [26]. Research has shown that
excess FAs can further activate pro-inflammatory tran-
scription factors in the nucleus by interacting with vari-
ous receptors such as CD36 [27] and TLR4 [28], thereby
affecting the inflammatory state of cells. However, the
influence of FAs on cellular inflammatory pathways may
differ among different cells [7]. This study starts with the
inflammatory phenotype of PBMC cell subpopulations
and analyzes the impact of fatty acids on cellular inflam-
matory signaling pathways.

Increased FAs were associated with increased CD36, TLR4,
and NF-kB p65 in monocytes in obese individuals

The proinflammatory effects of blood FAs can be deter-
mined by assessing for immune cell phenotype differ-
ences. The entry of FAs, especially long-chain FAs, into
cells requires the coordination of cell surface receptors.
CD36 is a scavenger receptor with a high affinity for
long-chain FAs, which can help cell internalization of
FAs. Increases in its expression are closely related to high
concentrations of FAs [29-31]. Moreover, CD36 has a
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Fig. 2 Gating strategy. (a and b) Gating for single cells, (c) identification of PBMC subsets based on size and granularity, (d) quantification of CD36, TLR4
signals in each cell subtype with positivity determined based on an unstained sample, and (e) proportion of TLR4 and CD36 positive monocytes in obesity
and standard weight, red: obesity group, green: normal weight group

Table 4 The percentage of CD36 or TLR4, or NF-kB p65 positive
cells in PBMC subset (%)

PBMC subsets Normal weigh Obesity P
(N=9, (N=9,
male:55.56%) male:55.56%)
Monocytes CD36 428+06.3 759+11.1 <0.001
TLR4 50.5+07.6 674123 0.003
NF-kB 9.1+70 2124128 0.027
p65
Lymphocytes CD36 11.5+43 18.0+6.6 0.024
TLR4 33+13 65+26 0.004
NF-kB 22+25 27+18 0.627
p65
Granulocytes CD36 239+120 55.0+235 0.003
TLR4 56+33 39+18 0.206
NF-xB 2154199 2954232 0.456
p65

variety of ligands and signal transduction capabilities and
can participate in inflammation [32, 33].

TLR4 is an immune-related cell surface receptor that
can link excess nutrition with inflammation. CD36 par-
ticipates in TLR4-dependent inflammatory responses
induced by various ligands [34-36]. CD36 plays an
important role in helping TLR4 recognize LPS, ox
LDLC, long-chain fatty acids, and other ligands to trans-
mit signals to cells [37]. When TLR4 recognizes ligand

transmission signals on the cell surface, CD36 can form
a polymer with TLR4 through tyrosine kinase to amplify
the downstream proinflammatory signal pathway [38,
39]. MyD88, TRIF downstream of TLR4 is activated to
promote the expression and secretion of the NF-kB p65
inflammatory pathway [40, 41]. Changes in CD36, TLR4,
and NF-«B p65 expression are related to high concentra-
tions of extracellular FAs.

This study showed that the blood concentrations of FAs
were higher in the obesity group and that this was related
to chronic inflammatory. However, the relationship
between the pro-inflammatory effect of fatty acid recep-
tors on immune cells and obesity requires further investi-
gation. In this study, we randomly selected 9 participants
to explore the differences in PBMC inflammatory phe-
notypes between obese and non-obesity group, find that
CD36 and TLR4 were increased on the surface of lym-
phocytes and granulocytes in the obesity group, but this
was not associated with changes in intracellular NF-xB
p65. On the other hand, in monocytes, increases in CD36
and TLR4 were associated with increased NF-kB p65 in
the cells. Changes in CD36 and TLR4 on monocytes may
lead to the secondary signal transductions that activate
NE-kB p65, increasing the expression of downstream
inflammatory genes, a pro-inflammatory cell phenotype,
the promotion of chronic inflammation.
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The mechanisms of obesity-associated chronic inflam-
mation are complex, and currently tissue hypoxia, oxi-
dative stress, endoplasmic reticulum stress, insulin
resistance, and gut microbial changes are among the
pathways that can explain obesity-associated chronic
inflammation [42]. This study synthesized multiple
mechanisms mentioned above and found that most of
them are related to energy metabolism and immune cell
function. Therefore, the relationship between changes
in energy metabolism and the pro-inflammatory state of
immune cells in obese individuals may be an important
idea to understand the mechanisms of obesity-associated
chronic inflammation [43]. This study found that high
concentrations of fatty acids, potential markers of obe-
sity, in the blood of obese individuals may be responsible
for chronic inflammation, while different immune phe-
notypes of PBMC cell subpopulations may be a potential
mechanism chronic inflammation induced by obesity.
The present study analyzed the potential mechanism
from the perspective of the relationship between energy
accumulation and immune cells, however, its molecular
mechanism needs to be investigated in depth.

Comparisons with other studies and what does the current
work add to the existing knowledge

Among the 23 potential biomarkers of obesity, 11 bio-
markers were also significantly associated with chronic
inflammation, including C17:1N7, C18:1N9, C16:0,
C20:5N3, C15:1N5, C18:0, C22:0, C13:0, C24:1N9,
C22:4N6, and total SFA.

Study strengths and limitations

This pilot study’s strength lies in its novel and interest-
ing findings, but its main limitation is the small sample
size. Since the study is observational, it’s only possible to
establish a correlation between fatty acids, immune phe-
notypes of PBMC and chronic inflammation based on
correlation analyses or difference comparisons. There-
fore, it’s essential to conduct larger prospective trials in
the future to establish potential causality.

Conclusions

23 potential biomarkers of obesity were identified by
screening for serum fatty acids. These biomarkers were
more highly concentrated in obese individuals. Within
a certain range, the concentrations of these potential
biomarkers were associated with increases in obesity.
Among the 23 potential biomarkers of obesity, 11 bio-
markers were also significantly associated with chronic
inflammation. The high expression of CD36, TLR4, and
NF-kB p65 in monocytes may be involved in chronic
inflammation caused by obesity. In the future, additional
studies must be conducted in larger populations, with
primary endpoints based on clinical events, to determine
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whether estimated blood lipid profiles and immune phe-
notypes of PBMC subsets can be used widely in the clini-
cal care of patients with obesity.
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