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Abstract

Background and aims: Endothelial microparticles (EMPs) thought to play a key role related to endothelial dysfunction. Carotid intima-media thickness (cIMT)
is an early indicator of atherosclerosis. The aim of our study is to investigate the levels of cIMT, EMP which are indicative of susceptibility to atherosclerosis and
endothelial dysfunction in adolescents with deficiency of vitamin B12.

Methods: Adolescent with age ranging between 11-17 years age eighty-eight patients were enrolled 50 patients of vitamin B12 deficiency (B12<130 pg/ml) and 38
healthy controls (B12>200 pg/ml) were included in the study. In all cases number of EMPs (CD144+EMP, CD146+EMP, CD105+EMP) were measured in the
flow cytometry. The cIMT were assessed using high-resolution echocardiography.

Results: Both plasma levels of CD144+EMP, CD146+EMP and cIMT (mm) were significantly higher in vitamin B12 deficiency group than control group.
Correlation analysis showed vitamin B12 was significant negative correlation with homocysteine, CD144+EMP, CD146+EMP and cIMT (p<0.05).

Conclusions: Vitamin B12 deficient adolescents had higher plasma EMP levels and ¢cIMT values than the controls, reflecting the presence of subclinical
atherosclerosis. Vitamin B12 deficiency may also contribute endothelial dysfunction and atherosclerosis. CD144+ and CD146+ EMP may be used as markers for

predicting atherosclerosis and endothelial dysfunction in adolescents with vitamin B12 deficiency.

Introduction

Vitamin B12 deficiency leads to a decrease in methylene-
tetrahydro-folate reductase (MTHFR) activity that reduces synthesis
of methionine and occurs accumulation of homocysteine [1]. Elevated
levels of plasma homocysteine are an independent risk factor for
affecting atherosclerosis and coronary artery disease [2,3].

Oxidative stress refers to the imbalance between oxidant products
and antioxidant defense mechanisms. Reactive oxygen radicals
stimulate proliferation in vascular smooth muscle cells and release of
proinflammatory cytokines by reducing NO levels [4,5]. Microparticles
are small (0.2-2 pm) vesicles released by cellular stress and activation
by many eukaryotic cells such as platelets, leukocytes and endothelial
cells [6].

In recent years, these microparticles have been shown to be useful
markers in pathological conditions such as vascular inflammation,
coagulation, and tumoral diseases [7]. Circulating endothelial
microparticles (EMPs) are considered to reflect the endothelial injury
and vascular inflammation. The number of EMP circulating in the
peripheral blood are associated with atherosclerosis and several
cardiovascular risk factors [8].

Carotid intima media thickness (cIMT) is a noninvasive,
simple method of predicting future vascular risk factors such as
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atherosclerosis, coronary artery disease [9]. Determination of the
cIMT by echocardiography is a simple, inexpensive, noninvasive and
correlated technique [10].

In this study, we aimed to investigate the predisposition of
endothelial dysfunction and atherosclerosis, to examine the relationship
between EMP and cIMT in adolescents with vitamin B12 deficiency.

Material and methods

This case-control study included 50 vitamin B12 deficient
adolescents and 38 healthy subjects aged between 11 and 18 years. The
diagnosis of severe vitamin B12 deficiency was based on serum vitamin
B12 level of <130 pg/mL and a normal level of folic acid [11,12]. The
control group vitamin B12 level greater than 200 pg/ml. The local
institutional ethics committee approved the study protocol. Informed
consent was obtained from all subjects.
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Blood samples were taken after 8 hours fasting from all cases.
CBC, vitamine B12, folic acid, ferritin, homocysteine, triglyceride,
total cholesterol, HDL-cholesterol, LDL-cholesterol, LDH, iron and
iron binding capacity were immediately studied in the blood samples
taken from the blood samples. The blood samples were drawn in 0.129
mol/l sodium citrate tubes. Platelet free plasma (PFP) was prepared as
previously described [13]. The samples were centrifuged for 15 min at
1500 g and plasma was then harvested and centrifuged for 2 min at
13000 g. PFP was stored at —80°C until used.

A special program, Vivid 7 / Vivid i IMT Package, was used in
the echocardiography device to measure the cIMT. This measurement
procedure is not operator-dependent and automatically measures the
mean cIMT after the device has detected the carotid artery.

CD144+EMP is endothelial specific and CD146+ EMP is released
from endothelial and activated T lymphocytes. EMPs were conjugated
with 3 different antibodies and isotypes and analyzed at rates below
10000 events / second in the Flow cytometry device and 1.000.000
events were collected in the microparticle door (Figure 1).

Statistical analysis

All tests were performed using SPSS for Windows 22.0 and Sigma
Stat 3.1. First, the distributions of all parameters were determined by
using the Shapiro-Wilk test. The parameters with normal distribution
were expressed as mean * SD, and the parameters with abnormal
distribution were expressed as median (25th percentile-75th
percentile). Comparisons of means were performed with Student’s
t-test. Comparisons of medians were performed with the Mann-
Whitney U-test. Correlations were calculated with the Pearson product
moment or Spearman rank order, as determined by the normalcy
of data distribution. Two multiple regression analyse and binary
logistic regression were performed. A P-value 0f<0.05 was accepted as
statistically significant.

Results

The epidemiological and biochemical characteristics, EMPs results,
and vascular measurements of the study groups are shown in Table 1.
There were no statistical differences between the both groups regarding
age and gender distribution. Vitamin B12 levels were statistically lower
in the patient’s group than in the control group (p < 0.05, Table 1).
Homocysteine were statistically higher in the patient’s group than in the
control group (p < 0.05, Table 1). The median number of CD 144+ EMP
and CD146 + EMP were significantly higher in children with vitamin
B12 deficiency children than healthy controls. There was no statistically
significant difference between patients and control groups in terms of
CD105 + EMP. cIMT was statistically higher in the patient’s group than
in the control group (p<0.05, Table 1).
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Figure 1. Flow cytometry EMP measurement: The plasma of each patient was evaluated
with isotype and the negative states were accurately identified
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Table 1. Demographic and biochemical characteristics, EMPs results, and vascular
measurements of study groups. Data are given as mean £SD and as median (Q1-Q3)

Vitamin B12
. Control

Parameters Deficiency (n=38) P

(n=50)
Gender, male/female 20/30 15/23 >0.05
Age, years 144+1.72 13.4+1.86 >0.05
Vitamin B12 (pg/ml) 100 (85-115) 238 (210-277) <0.05
Homocysteine (mmol / L) |21 + 8.06 10 +£2.54 <0.05

CD144+EMP (n/<0.05L) 16.26 (8.91-34.72) 9.51(5.01-19.34) |<0.05

CD146+EMP (n/pL) 48.11 (22.12-137.03) 21.44 (10.43-33.6) | <0.001
CD105+EMP (n/pL) 107.6 (50.9-314,4) 83.61 (50.4-145.2) |>0.05
¢IMT (mm) 0.87 (0.69-1.21) 0.68 (0.52-0.80) | <0.001

The study showed an inverse relation between vitamin B12 value
and homocysteine, cIMT, CD144+EMP and CD146+EMP numbers (p
<0.001, Table 2).

The binarylogistic regression analysis and the backward elimination
method showed that cIMT,and homocystein have a linear relationship
with vitamine B12 deficiency (p<0.05, Table 3).

There was positive relation between cIMT and homocysteine,
CDI144+EMP and CD146+ EMP (p<0.05). In addition, an inverse
relation between cIMT and vitamin B12 (p<0.05, Table 2). The multiple
regression analysis between cIMT and homocystein and LDH, vitamin
B12 showed a relationship between cIMT and homocystein (Table 4).

Discussion

The main findings of our preliminary study can be summarized as
follows: 1) increased EMP and homocystein levels were observed in
adolescents with vitamin B12 deficiency, 2) In addition, vitamin B12
deficient adolescents have increased cIMT, 3) the levels of circulating
CD 105+ EMP in patients with vitamin B12 deficiency and those
without were similar.

Vitamin B12 deficiency and elevated homocysteine affects
endothelial dysfunction, vascular wall changes and leads to
cardiovascular and atherogenic risk (3). The most important factor
determining homocysteine as vitamin B12 and vitamin B12 deficiency
had adverse effects on cardiovascular disease.

Vitamin B12 supplementation should be used to reduce the risk
of cardiovascular disease [14]. According to the study by Harker, et
al. [15], homocysteine is a reactive amino acid and initiates premature
atherosclerosis and endothelial dysfunction as early as 4 years. Because of
their close relationship homocysteine levels can be an indirect indication
of a vitamin B12 deficiency. Elevated homocysteine levels, also known
as homocysteinemia, is often an indication of a B12 deficiency [16]. In
the present study, we observed increased homocystein in children with
vitamin B12 deficiency. Therefore, an increased homocystein level may
reflect endothelial dysfunction in vitamin B12 deficiency.

In many experimental and cross-sectional studies, cIMT has been
reported as an early indicator of atherosclerosis [17]. Pignoli et al.
[18] reported that changes in the cIMT may be helpful in predicting
cardiovascular events. Libetta et al. [19] showed patients with high
homocysteine levels undergoing renal transplantation found that cIMT
was significantly higher than normal population. We found that vitamin
B12 deficient adolescents have significantly higher cIMT (Table 1). If
the increase in cIMT is considered a marker of atherosclerosis, it can
be assumed that atherosclerotic changes have begun with a decrease
in vitamin B12. In this study, we performed binary logistic regression
analyses by designating vitamin B12 deficiency as a dependent variable
and EMP level, cIMT and homocystein as the independent variables
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Table 2. Correlation between vitamin B12, cIMT and other variables

Variables Vitamin B12 cIMT
r r p
Homocysteine (mmol / L) -0.58 <0.001 0.50 <0.001
CD144+EMP (n/pL) -0.24 0.23 <0.05
CD146+EMP (n/pL) -0.31 0.29 <0.05
CD105+ EMP (n/pL) -0.06 0.02 >0.05
Folate (ng/ml) 0.24 0.38 >0.05
HDL (mg/dl) 0.29 <0.05 0.21 >0.05
Vitamine B12 (pg/mL) - -0.27 <0.05
Table 3. Binary logistic regression analysis between vitamin B12 deficiency and other variables (OR: Odd’s Ratio, CI: Confidence Interval)
Dependent variable vitamin B12 deficiency
. Univarite Logistic Multiple Logistic
(Independent variables)
OR (%95 CI) P OR (%95 CI) P
CD144+EMP 1.00 (1.00-1.01) 0.57 - -
CD146+EMP 1.02 (1.01-1.03) 0.008 - -
CD105+ EMP 1.01 (1.0-1.04) 0.92 - -
ciMT 31.79 (4.53-222) <0.001 16.17 (1.00-266) <0.05
Homocystein 1.53 (1.26-1.87) <0.001 1.59 (1.4-2.02) <0.001
TRIGLISERIT 1.008 (1.00-1.016) 0.50 1.01 (1.0-1.02) <0.05
HDL 0.92 (0.88-0.97) 0.002 0.9 (0.82-0.99) <0.05
LDH 0.98 (0.97-1.00) 0.05 - -
Table 4. Multiple regression analysis between cIMT and other parameters
cIMT (n=88)
Parameters Coefficient
T P F Model (P) R?
B S. error
Constant 1.11 0.3 4.82 <0.001
Homocysteine 0.01 0.005 2.39 0.01
LDH -0.002 -0.001 -1.62 0.10
4.45 0.003 0.17
B12 -0.001 0.001 -1.5 0.13
CD 144+ EMP -0.27 0.32 -0.83 0.40
CD 146+ EMP -0,32 0.25 -0,78 0.38

(Tables 3). After the backward stepwise elimination, we detected that
an increased cIMT, homocysteine has a linear relationship with vitamin
B12 deficiency.

Studies and standardizations on EMPs are important in terms of its
utility in vascular health, atherosclerosis and endothelial dysfunction
and a new noninvasive test [13]. Bruyndonckx, et al. [20] measured the
circulating level of CD42b + and CD144+EMP in obese children. They
found that the circulating levels of these markers in obese children were
significantly higher than those in the healthy controls. In another study,
Suhara, et al. [21] hyperhomocysteinemia increase EMPs by increasing
apoptosis in Fas ligand-mediated endothelial cells. Additionally, Sekula,
et al. [22] found that CD31 and annexinV EMPs were significantly
higher in patients MTHFR polymorphism with homocysteine increase.

There are no current data on EMPs in adolescents with vitamin B12
deficiency. In our study, it was found that the CD144 + EMP and CD146
+ EMP number were higher in vitamin B12 deficient adolescents than in
the control group. There was no difference in CD105 + EMPs between
groups (Table 1). Therefore, we think that high circulating CD144 +
EMP and CD146 + EMP levels may be correlated with endothelial
dysfunction and atherosclerosis. EMPs are long term centrifuges,
marking, placement in tubes and scaling in flow cytometry devices are
difficult and require expertise. Because the dimensions of the EMPs are
very small and flow cytometry is the best method for detecting EMPs.
It would be more useful to have new methods that can detect EMPs
precisely and more easily.
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*Our study has some limitations. First, it will be more useful to
reevaluate patients after vitamin B12 treatment. Second methylmalonic
acid is used as a sensitive test for vitamin B12 deficiency, was not
measured in this study. Finally, multicentric studies should be
performed to use EMP as a determinant in clinical practice.

Conclusion

In conclusion, our results show that vitamin B12 deficient
adolescents have increased circulating CD144 + EMP, CD146 + EMP
showing that endothelial dysfunction. In addition, cIMT increases in
adolescents with vitamin B12 deficiency. EMP may be used as markers
for predicting atherosclerosis and endothelial dysfunction. Vitamine
B12 deficiency may also contribute endothelial dysfunction and
atherosclerosis.
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