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Background: Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a serine protease and a secreted
protein which increases cholesterol levels in plasma via inducing degradation of low-density lipoprotein
receptor (LDLR). Cluster of differentiation 36 (CD36) is a member of a family of cell surface proteins in
many cells. CD36 is known as fatty acid translocase (FAT) because it imports fatty acids inside cells and
participate in triglyceride storage. It has been suggested that PCSK9 regulates CD36 in some tissues.
Methods: Data and serum levels of TSH, FT4, lipid profile and PCSK9 and the expression of CD36 on
monocytes from 40 new untreated patients with subclinical hypothyroidism (SH) and 40 age- sex- and
BMI-matched euthyroid controls were analyzed in a cross-sectional study. Then the relationships be-
tween these parameters were examined.
Results: Patients with SH had higher TSH, FT4, total cholesterol (TC) and triglyceride (TG) Low-density
lipoprotein (LDL) and PCSK9 levels than controls. There were significant and positive correlations be-
tween serum TSH levels and lipid parameters except HDL-C. PCSK9 had a significant and negative cor-
relation with FT4. No significant correlation could be found in relation to PCSK9 and CD36.
Conclusions: PCSK9 inhibitors are used to reduce blood cholesterol levels as drugs. If it will be proven
that PCSK9 can induce CD36 degradation, taking these drugs may have unwanted side effects. This study
showed that serum PCSK9 and lipid profile levels increase in patients with subclinical hypothyroidism
and there is no relationship between PCSK9 and CD36 in these patients.
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1. Introduction serum have been investigated in several studies over the last 20 yr,

the associations between SH and lipid status are still under debate

Thyroid hormone (TH) has an important role in regulation of a
wide array of metabolic parameters. The association between TH and
lipid metabolism has been well established [1]. Overt hypothyroid-
ism is associated with hypercholesterolemia by alterating lipoprotein
metabolism and is recognized as an important risk factor for
atherosclerosis and cardiovascular disease (CVD) [2]. Subclinical
hypothyroidism (SH) characterized by the finding of elevated serum
thyroid stimulating hormone (TSH) concentrations with normal
levels of free thyroxine (FT4) and free triiodothyronine (FT3). This
condition is more common than overt hypothyroidism, nevertheless
the nature and etiology of SH and overt hypothyroidism are identical
[3,4]. Although the relationships between SH and lipid profile in
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[5]. Some research have shown that lipid profile is significantly
increased in SH patients [6,7], and other studies reported contra-
dictory results in the alteration of serum lipid profile under SH [8,9].

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a
secreted protein and enzyme which is expressed mainly in liver,
kidney, intestine, and central nervous system. PCSK9 induces low-
density lipoprotein receptor (LDLR) degradation and reduced LDLR
levels on the plasma membrane. The catalytic domain of circulating
PCSK9 binds to the epidermal growth factor precursor homology
domain-A (EGF-A) of the LDLR in a calcium dependent manner and
after internalization of this complex PCSK9 prevents LDL-R recy-
cling to the cell surface and then inhibits low-density lipoprotein-
cholesterol (LDL-C) clearance from plasma. So PCSK9 serum levels
correlate positively with the plasma LDL-C [10]. Some studies have
been suggested that thyroid function may regulate cholesterol
metabolism via PCSK9, because a positive correlation between TSH
and PCSK9 levels has been reported [11].
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Cluster of differentiation 36 (CD36; scavenger receptor class B
type 3 (SRB3)) is a member of the scavenger receptor, class B, type |
(SRBI), a family of cell surface proteins in many cells like monocytes,
macrophages, hepatocytes, and adipocytes that binds ligands
including thrombospondin (TSP-1), oxidized LDL and collagen.
CD36 is also known as fatty acid translocase (FAT) because it im-
ports fatty acids inside cells [12]. Therefore CD36 involves in
regulation of lipid metabolism by facilitating cellular uptake of fatty
acids and participating in triglyceride storage. It has been suggested
that PCSK9 regulates CD36 in some tissues [13].

It is established that high lipid profile is a risk factor of coronary
heart disease (CHD) [14], and investigating the association between
SH and lipid profile is important to prevent CHD in SH patients.
Therefore, the aim of this study was to investigate the association of
SH with cholesterol and lipoprotein metabolism in human and the
correlation between PCSK9 and CD36 expression in this disease.

2. Subjects and methods
2.1. Subject selection

Forty new untreated patients (8 men and 32 women; age,
39.4 + 14.8 yr; range, 17—61 yr; body mass index (BMI), 26.7 + 5.2
(kg/m?)) with SH were studied. Patients were selected among the
subjects referred to the clinic of Rafsanjan hospital for the first
medical examination in spring 2018. SH was diagnosed by
biochemical findings. SH patients had normal FT4 and increased
TSH concentrations (>6.3 mlIU/1). The cause of SH was autoimmune
lymphocytic thyroiditis (Hashimoto's thyroiditis) and autoanti-
bodies to thyroid peroxidase (anti TPO) were positive in patients.
Forty euthyroid subjects matched to the patients group for sex (8
men, 32 women), age (39.0 + 11.8 yr, range 18—63 yr), and BMI
(25.3 + 3.4 kg/m?) were used as controls. FT4 and TSH concentra-
tions were normal in controls. None of the participants were taking
drugs known to affect lipid metabolism or had diseases (e.g. dys-
lipidemia, diabetes mellitus, renal and hepatic failure, or other
systemic diseases). All study subjects signed the consent sheet,
which was approved by the institutional ethical committee.

2.2. Laboratory analysis

Blood was collected in the morning between 08-00 and 09-00
a.m. after an overnight fasting for the determination of serum TSH
(normal range 0.36—6.3 plU/ml), FT4 (normal range 0.8—2 ng/dl)
and PCSK9 by enzyme-linked immunosorbent assay (ELISA) on a
Biotek analyzer (Biochemistry Laboratory, Medical University, Raf-
sanjan). TSH and PCSK9 ELISA assay was performed using sandwich
ELISA. In sandwich ELISA the wells are coated with specific
monoclonal antibodies for the analyte (PCSK9, TSH). Analyte is
attached to the antibody at the bottom of the well and then the
second antibody attached to a peroxidase enzyme (HRP) is added to
the well and capture the sample analyte in solution. After washing,
3,3/,5,5'-Tetramethylbenzidine (TMB) containing chromogen that is
a substrate for peroxidase is added to the wells and generate blue
coloration. By adding stop solution this reaction will stop and color
change from blue to yellow that can be read at 450 nm. For FreeT4,
ELISA is analyzed in a competitive manner. In competitive methods,
the basis for assessing is the competition between two antigens
(one of which is labeled) for ligand binding [15]. Anti-thyroid
peroxidase (TPO) antibodies were analyzed for patients in the
same way as before (Hormon Laboratory, Rafsanjan hospital).
Antibody levels were considered negative when they were below
100 IU/ml.

Triglyceride (TG) and total cholesterol (TC) were analyzed by
glycerol oxidase enzymatic and cholesterol oxidase enzymatic

methods, respectively. Cholesterol enzymatic methods analyze
cholesterol directly in plasma or serum through a series of re-
actions. Initially, cholesterol ester converts into cholesterol by
cholesterol esterase. Then Cholesterol Oxidase catalyzes the
oxidation of 3-OH group of cholesterol and one of reaction products
is hydrogen peroxide (H202) that is quantified enzymatically and
created color was detected by spectrophotometer at 540—570 nm
[16]. The method has been used to evaluate plasma triglycerides is
based on the hydrolysis of triglycerides and evaluation of glycerol
that is released in reaction. Glycerophosphate that is formed by
glycerokinase reaction is oxidase and resulting H202 is analyzed as
described previously in cholesterol method [17]. HDL-C was eval-
uated directly after precipitation of apolipoprotein B-containing
lipoproteins with magnesium chloride and dextran sulfate and
then the cholesterol of HDL is analyzed by cholesterol assay [18]. All
these analyses were performed on the serum and by autoanalyser
(Mindray) (Biochemistry Laboratory, Rafsanjan hospital). Low
density lipoprotein-cholesterol (LDL-C) was calculated using the
Friedewald formula; TC — (HDL-C + TG/5) [19].

Quantification of CD36 expression on monocytes was done by
flow cytometry. At first Whole-blood samples with citrate were
immediately moved to the lab and processed. Red blood cells lysed
after adding Lysis Buffer. Fluorescein isothiocyanate (FITC) conju-
gated CD14 antibody was used to identify monocytes and phyco-
erythrin (PE) conjugated CD36 antibody to identify CD36 receptor
on the monocyte surface. For isotype matched negative controls we
used FITC conjugated mouse IgG1 and PE conjugated mouse IgM
(BioLegend, USA). Then the remaining white blood cells were
washed twice with phosphate-buffered saline [20]. We used a
FACSCalibur cytometer (Partec, Germany) to determine the surface
intensity of antigens on peripheral blood monocytes and the dot
plot (the two-dimensional histogram that show two parameters)
was used for evaluating FACS data (Fig. 1).

2.3. Statistical analysis

Data were analyzed using SPSS 21.0 software. Numeric variables
are presented as the mean + standard deviation (SD). Independent-
samples t-test was used to compare age, BMI, thyroid function and
lipid profile between SH patients and controls. p-value of 0.05 or
lower was assumed to be statistical significance. Comparisons
among two groups were carried out by using Pearson's correlation
coefficients.
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Fig. 1. Assay for CD36 expression on monocytes. Q4 region represents cells that have
been tagged with FITC (monocytes). Cells that have CD36 receptor on their surface and
marked with PE are located in the Q1 region. The cells stained by both antibody
markers (Monocytes that express CD36 receptor on their surface) are placed in Q3
region. The Q4 region refers to cells that have been negative for both PE and FITC.
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3. Results

Table 1 summarizes the baseline characteristics in patients with
SH disease and control subjects. TSH levels were significantly
higher in SH patients than controls (p <0-001). FT4 levels in pa-
tients were within the normal range but significantly lower than
controls (p<0-001). TC, LDL-C and TG levels were significantly
higher in patients with SH compared with control group
(p<0-001). HDLC levels in SH patients were not different from the
controls (p = 0.651). PCSK9 was also significantly higher in patients
(p<0-001). No differences could be found in CD36 expression
between SH patients and control subjects (p = 0.533).

The correlation coefficients between thyroid function, lipid
profile, PCSK9 and CD36 are shown in Table 2. TSH levels positively
correlated with serum TC (r=0.425; p <0-001), LDL-C (r =0.391,
p<0-001) and TG (r=0.323; p=0.004). FT4 levels negatively
correlated with TC (r = —-0.552; p<0-001), and LDL-C (r = —0.502,
p<0-001) and TG (r = —0.527, p < 0-001) but there was no statis-
tically significant correlation between TSH, FT4 and HDL
(r=-0.013, p=0.906 and r = 0.069, p = 0.544, respectively). There
were significant correlations between serum TSH, FT4 values and
lipoprotein ratios (TC/HDL and LDL/HDL). PCSK9 was correlated
with TSH positively and with FT4 negatively (r =0.324; p =0.003
and r=-0.593, p<0-001).

PCSK9 had a significant correlation with lipid profile that these
results are available in Table 3, but there were no important cor-
relation between PCSK9 and CD36 (r = 0.006; p = 0.960).

4. Discussion

SH is the most common thyroid disorder with prevalence
ranging from 3% to 15% of adult populations [21]. It increases with
age and is more prevalent in women than men [22]. One of the
most common thyroid diseases that cause thyroid dysfunctions is
Hashimoto thyroiditis [23]. Overt hypothyroidism influences serum
cholesterol and LDL levels in different ways such as decreasing
LDLR, which mediates cholesterol uptake from the circulation and
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase,
which regulates cholesterol biosynthesis, and cholesterol 7-hy-
droxylase (CYP7AI) that participates in the synthesis of the bile
acids [24—26]. In some reports no differences found between SH
patients and euthyroid controls in LDL levels [27,28]. In our study
and several cross-sectional studies, SH was found to be associated
with increase in TC and LDL-C [29,30]. There are more contradictory
results about the effects of SH on TG and HDL-C. Some articles
believe that SH has an effect on TG level [31,32], Higher serum TG
may be observed in hypothyroid patients because of their lower
lipoprotein lipase activity [33]. Vice versa some studies suggested
that the level of TG does not change in patients with SH [34]. In our

Table 1
Basal characteristics of subjects.
Control (n=40) Patient (n = 40) p-Value

Age (yr) 39.0+11.8 394 +148 0.888
BMI (kg/m?) 253+34 26.7 +5.2 0.146
TSH (ulU/ml) 24+0.8 31.5+224 <0-001
FT4 (ng/dl) 1.5+0.1 09+0.1 <0-001
TC (mg/dl) 152.6 +15.7 203.8+42.4 <0-001
HDLc (mg/dl) 44.7+99 43.6+125 0.651
LDLc (mg/dl) 89.0+16.1 1249 +36.0 <0-001
TG (mg/dl) 84.1+42.7 227.5+113.7 <0-001
TC/HDL 3.5+0.6 49+15 <0-001
LDL/HDL 20+04 3.0+1.1 <0-001
PCSK9(ng/ml) 176.5+14.1 202.0+19.5 <0-001
CD36 (%) 0.18+0.11 0.16+0.13 0.533

Table 2
Spearman's correlation coefficient (rho) between TSH, FT4, lipid profile, PCSK9 and
CD36 for all subjects.

TSH FT4

r p-Value r p-Value
TC 0.425** <0-001 —0.552** <0-001
LDL-C 0.391* <0-001 —0.502** <0-001
HDL-C -0.013 0.906 0.069 0.544
TG 0.323** 0.004 —0.527** <0-001
TC/HDL 0.386** <0-001 —0.500** <0-001
LDL/HDL 0.395** <0-001 —0.498** <0-001
PCSK9 0.324** 0.003 —0.593** <0-001
CD36 -0.135 0.233 0.139 0.218

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Table 3
Spearman's correlation coefficient (rho) between PCSK9 levels and lipid profile.
PCSK9
r p-Value
TC 0.338** 0.002
LDL-C 0.344** 0.002
HDL-C —0.243* 0.030
TG 0.478** <0-001
TC/HDL 0.502** <0-001
LDL/HDL 0.505** <0-001

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

study there was a significant different in serum TG levels between
SH patients and controls. HDL-C was not significantly different
between two groups, and there are articles that have achieved
similar results [35,36]. While some researchers have reached the
opposite findings [37] and they have been suggested that decreased
plasma CETP concentrations and hepatic lipase activity in hypo-
thyroidism may lead to alterations in serum HDL-C concentration
[33]. In our study the average of TSH was statistically significantly
elevated in SH patients and There is general consensus that in-
dividuals with serum TSH values greater than 10 mlIU/liter have
higher lipid levels [38].

Though thyroid hormones have various targets in organ sys-
tems, they can have significant effects on the cardiovascular system.
Reports of cardiac disorders are different in patients with SH. The
results of some studies show that myocardial infarction has
increased [39], but some reported no change [40]. To predict
vascular risk we used two lipoprotein ratios (total cholesterol/HDL
cholesterol and LDL/HDL cholesterol ratios) that are important in-
dicators for cardiovascular risk [41]. In our study serum TSH and
PCSK9 levels had significant positive correlations with lipoprotein
ratios (TC/HDL and LDL/HDL). These relationships may be a ten-
dency to arterial stiffness and potentially increase the risk of
atherosclerosis and coronary artery disease in SH patients. So
screening for SH patients is worthwhile for because they have an
increased risk of developing CHD.

Sterol regulatory element-binding protein-2 (SREBP-2) has been
well established as a TH target. SREBP-2 stimulates intracellular
cholesterol synthesis and promotes LDLR gene expression [42] and
is also able to upregulate PCSK9 [43]. This makes it possible to
postulate that thyroid function could play a role in PCSK9 regula-
tion [11]. Some findings in euthyroid non-obese subjects and
euthyroid subjects with stable CHD suggest that thyroid function
status is a regulator for PCSK9 and also there is a negative associ-
ation between TH and PCSK9 levels and a positive correlation be-
tween TSH and PCSK9 levels [11,44]. In contrast, in a study on



M. Fazaeli et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 312—316 315

hyperthyroid patients although it has been suggested that TH
reduced circulating PCSK9, there was no significant correlation
between serum PCSK9 and TH levels [45]. The results of this study
confirm that PCSK9 was significantly higher in patients than con-
trols and PCSK9 had a positive correlation with TSH and a negative
with FT4.

So far, in vitro studies have been done on the effects of PCSK9 on
CD36 receptors and the results were different in various cell lines
[46,47]. In a study on intestinal epithelial cells, the author
concluded that with the increasing of PCSK9 activity, CD36 also
increases to compensate for the reduction of LDLR [46]. On the
other hand, an article suggested that PCSK9 induces the degrada-
tion of CD36, like its effect on LDLR. This is the result of the study on
the liver and kidney cell lines and PCSK9 knockout mice [47]. In this
study we intended to examine the effects of PCSK9 on CD36
expression on monocytes. Ultimately, we found no correlation be-
tween PCSK9 and the percentage of CD36 presence on the mono-
cytes surface.

5. Limitations

We did not analyze serum lipoprotein (a). Anti-TPO antibody
was not carried out for controls. The effects of L-thyroxine therapy
was not investigated in patients. The expression of PCSK9 and CD36
genes were not evaluated in the monocytes of the subjects.

6. Conclusion

Our data indicated that PCSK9 levels are affected by thyroid
function in subclinical hypothyroidism and CD36 expression does
not correlate with the PCSK9 level in these patients. Serum TC, LDL-
C and TG levels increase in subclinical hypothyroidism. Therefore,
there is a potential association between subclinical hypothyroidism
and atherosclerosis.
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