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Abstract
Aim: Women are at the highest risk of depression during their childbearing years, and the birth of a child may precipitate a depressive episode in women. Fetal 
microchimerism (FMc), derived from fetal cells that persist after pregnancy, is usually evaluated by tests for male microchimerism (MMc) in women who gave birth 
to sons. We investigated FMc in women with sons and examined correlation with postnatal depression (PND) history, and this is one of the first studies in this area.

Methods: In this study, we performed real-time quantitative PCR to detect and quantify male DNA in whole peripheral blood of 64 women (32 healthy and 32 with 
PND), targeting the Y-chromosome-specific DYS14 gene sequence as a marker for microchimerism (Mc) of fetal origin. 

Results: To verify the role of FMcCs in PND, 32 PND patients and 32 controlswere studied. A total of 32 women were studied of which 3 (9.4%) tested positive for 
MMc, had given birth to at least one son. None of the 32 control healthy women were positive. FMc was found significantly more often in women with PND than 
in healthy women (9.4% versus 0%, respectively) (p=0.005). About 41% of the risk for depression of PND women was familial, and smoking and drug usage habits 
was very high (37.5% and 71.9%, respectively) (p=0.005).

Conclusion: MMc levels were higher in women with PND than in healthy women. Although the biological mechanisms are not precisely known, MMc presence 
in peripheral blood of women can be associated with PND. Genetic factors can also be one of the possible causes of PPD. Continued research on PND is needed to 
broaden the treatment alternatives in affected women.
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Introduction
PND is defined as a nonpsychotic depressive illness of mild-to-

moderate severity occurring in a mother during the first postnatal year, 
with most cases occurring in the first six months after delivery. The 
prevalence of NPD is generally reported as between 10% and 15% [1,2]. 
All women are potential candidates for emotional upheaval during 
the postpartum period and women who are single, primiparous, or 
anxious or depressed during pregnancy, as well as those who have a 
history of mental illness or previous postpartum psychiatric disorders, 
have problems during labour or delivery, or have concurrent personal 
or social stresses, may be at increased risk. Since the effects of PND 
are known to go beyond the mother in that it also affects the partner 
and the child. Too often women disappear into the home postnatally 
and have limited outside contact for the crucial first months. Severe 
forms of depression and puerperal psychosis can lead some women to 
commit suicide to escape their emotions [3]. Low socioeconomic status; 
partner’s habits, such as alcoholism; lack of education; marital conflict; 
unsupportive partner and psychological factors, such as antenatal 
depression, stressful life events or intimate partnerrecent and life events 
violences are all associated with PPD [4]. Depression has been observed 
to be higher in low-income and middle-income countries, ranging 
from 4.9% to 50.8% among mothers at 4–8 weeks post partum [5]. The 
prevalence of depression among Asian women is 23.7%, 16.5% and 
17.4% at 6 weeks, 3 months and 6 months after childbirth, respectively 
[6]. This evidence accumulates a body of knowledge that indicates PND 

is a global public health problem. Such research has been instrumental 
in demonstrating that the burden of morbidity is actually higher for 
low- and middle-income countries.

Whereas efforts to investigate psychosocial and epidemiological 
back ground of PPD have been extensive, the biological mechanisms 
and the genetic risk factors underlying PPD essentially remain 
unknown. However, research into the biological mechanisms of PPD is 
a challenging task. However, research into the biological mechanisms of 
PPD is a challenging task. We are putting forward a new hypothesis that 
will facilitate this challenge, which is not among the above mentioned 
possible causes of the disease. This is Mc. Regarding the characteristics 
and results of natural Mc, medical science needs more knowledge. Mc 
is defined by the presence within an individual of a low level of cells 
or DNA derived from a genetically different individual. Pregnancy is 
the most common and natural cause of chimerism, and bi-directional 
trafficking of hematopoietic cells occurs through the placenta. It is 
now known that during pregnancy, fetal-maternal microchimeric cells 
(F-MMcCs)  can pass through tissues and organs such as peripheral 
blood, bone marrow, thymus, liver, lung, spleen, kidney, skin and brain.
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This manuscript discusses the applicability of Mc research in 
the field of psychiatric studies. The research into Mc, and more 
specifically F-MMc, is still in its infancy. In the literature there is no 
data regarding a connection between psychiatric illnesses and Mc. 
Male DNA, of presumed fetal origin, can be detected in the maternal 
circulation decades after delivery. FMc in maternal blood and tissues is 
typically identified using polymerase chain reaction (PCR) to identify 
Y-chromosome DNA sequences in the mother. Mc does not require the 
fetus to be male, but it is easier to distinguish the Y chromosome as a 
biomarker. The aim of the present study was to examine the presence 
of MMc in PND women using DNA extracted from cells from whole 
blood and report the association with potential sources of male cells.

Patients, materials, and methods
Study subjects: This work was supported by Cukurova University, 

Scientific Research Unit (Number 5369; Protocol 1707), and was 
approved by the University of Cukurova Ethic Board. All patients 
satisfied by Adana City Training and Research Hospital, Department 
of Psychiatry and Bakırkoy Mental and Neurological Hospital, and 
depressive symptoms were assessed with the Edinburgh Postnatal 
Depression Scale (EPDS). The American College of Rheumatology 
criteria for PND. Atotal of 64 women were studied, including 32 healthy 
controls and 32 patients with PND, who gave birth to a boy at their last 
birth, and had given birth to at least one son. Healthy women had no 
clinical or pathologic evidence of psychiatric diseases.

DNA isolation: To prepare samples for the quantitative PCR assay, 
DNA was isolated from patient’s blood samples that by means of a Hıgh 
Pure PCR Template Preparation Kit (Rosche Life Science)

Real-time quantitative PCR: Real-Time reactions were carried out 
by LightCycler 480 Probes Master mix (Rosche Life Science). Reactions 
were performed by Rosche LightCycler 480 Real-Time PCR system. 
Primers used in Real-Time PCR reactions were designed by Primer-
BLAST. DYS14 was used as reference gene. The DYS14 sequence 
(GenBank sequence accession number, X06325) was selected as the 

Figure 1. Positive amplification curves belonging to three patients

Y-chromosome–specific sequence for use in the quantitative PCR 
(QPCR) assay. The reason for this choice was that, while single-copy 
genes, such as the SRY, can be reliably used in developing a QPCR 
assay. The DYS14, on the other hand, is believed to be strictly Y specific. 
Primers were designed and used with the following sequences: DYS14 
forward primer, 5’-CATCCAGAGCGTCCCTGG-3’;and DYS14 reverse 
primer, 5’-TTCCCCTTTGTTCCCCAAA-3’. DYS14-probe sequence 
was 5’-6-FAM-TAAGTAACTGATGGGCAGCTCGGC(TAMRA)-3’. 
PCR cycling condition as follow: for denaturation, 10 min. 95°C. For 
amplication stage (40 cycle); 10 sec. 95°C, 1 min. 56°C, 1 sec. 72°C. For 
melting curve stage; 45 sec. 45°C. For cooling stage 30 sec. 40°C.

Results
Study subjects included 32 healthy women and 32 women with 

PND. A total of 32 PND women were tested for quantitative assessment 
of male DNA. Overall 3 out of 32 PND women (9.4%) positive and 29 
(90.6%) of tested negative (Table 1, Figure 1).The all of healthy women 
who had given birth to a son had no detectable male DNA in the blood 
(Table 2). There was significant difference between women with PND 
and healthy women. MMc prevalence was significantly greater in 
women with PND than control groups (9.4%, 0%, respectively). Three 
healthy women with positive results had given birth to a son. These 
women 2 had given birth to a son and one women had 2 son. Fourteen 
of 32 (43.8%) women with PND had similar psychological disturbances 
in previous pregnancies, and 18(56.3%) of them were found to have 
psychological discomfort in their family history. Twentythree (71.9%) 
and 12(37.5%) of PND women were using drugs and smoking, 
respectively. In the control group, 6 of 32 (18.8%) healthy women had 
psychological discomfort in their family history, and 3 (9.4%) and 3 
(9.4%) women were using drugs and smoking, respectively.

Statistical analysis: Significant differences between the two 
groups were detected using the Chi square test for qualitative variables 
(Fisher exact test) and an unpaired t-test for continuous variables with 
a normal distribution or if not, a non-parametric test and a Mann-
Whitney test. For all tests, statistical significance was defined as p,0.05.
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Control no. Age Total number of 
children

Number of male 
children

Gender of last 
birth Last birth / year Drug use Similar disease 

story in family Smoking FMcCs

1 23 1 1 M 2017 - - + -
2 21 1 1 M 2017 - - - -
3 30 2 2 M 2018 - + - -
4 27 2 1 M 2018 - - - -
5 23 3 1 M 2018 - - - -
6 29 2 1 M 2018 - - - -
7 36 3 3 M 2018 - - - -
8 33 2 1 M 2018 - - - -
9 29 2 1 M 2018 - + - -

10 34 5 2 M 2018 - - - -
11 32 1 1 M 2017 - - - -
12 27 3 1 M 2017 - - - -
13 23 1 1 M 2018 + + + -
14 23 2 1 M 2018 - - - -
15 27 3 1 M 2017 - - - -
16 25 1 1 M 2018 - - - -
17 28 1 1 M 2018 + - - -
18 23 2 2 M 2018 - - - -
19 38 3 3 M 2018 - - - -
20 34 3 2 M 2017 - - - -
21 30 2 2 M 2018 - + - -
22 25 1 1 M 2018 - - - -
23 27 2 2 M 2018 - - - -

Table 2. Shows the distribution according to control women tested negative or positive for male microchimerism

Patient no Age Total number of 
children

Number of male 
children

Gender of last 
birth Last birth / year Drug use Similar disease 

story in family Smoking FMcCs

1 36 1 1 M 2016 + - - -
2 30 3 2 M 2015 - + + -
3 29 1 1 M 2017 + + + -
4 33 1 1 M 2017 - - + -
5 27 1 1 M 2017 - - - +
6 38 1 1 M 2017 - + - -
7 33 1 1 M 2017 + - - -
8 35 1 1 M 2017 + - + -
9 37 1 1 M 2017 - - + +

10 29 5 2 M 2015 + - - +
11 37 2 2 M 2017 + - - -
12 42 3 1 M 2017 + - + -
13 39 1 1 M 2016 + + - -
14 27 1 1 M 2017 + - - -
15 27 1 1 M 2017 - - - -
16 40 4 4 M 2017 - + - -
17 24 1 1 M 2017 + - - -
18 37 2 2 M 2017 + - + -
19 37 2 1 M 2017 + + + -
20 38 1 1 M 2016 + - + -
21 34 1 1 M 2017 + - - -
22 24 2 2 M 2017 - + - -
23 21 3 2 M 2017 + + + -
24 37 1 1 M 2017 + + - -
25 35 3 1 M 2017 + + + -
26 33 2 1 M 2016 - - - -
27 28 2 1 M 2016 + + + -
28 37 3 2 M 2017 + - - -
29 41 3 1 M 2018 + - - -
30 38 2 1 M 2016 + + + -
31 36 1 1 M 2016 + - - -
32 33 1 1 M 2017 + + - -

Table 1. Shows the distribution of male microchimerism according to reproductive, lifestyle and other variables in the women with PND
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24 30 2 1 M 2017 - - - -
25 38 2 1 M 2017 - - - -
26 35 2 1 M 2017 - + + -
27 34 1 1 M 2017 - - -
28 33 5 3 M 2017 - - - -
29 36 2 1 M 2017 - - - -
30 24 2 1 M 2018 - - - -
31 29 3 1 M 2017 + + - -
32 36 1 1 M 2017 - - - -

Discussion
In comparison with the vast epidemiological literature on PND, 

relatively few studies have examined the biological aspects of the 
disorder. However, research into the biological mechanisms of PND 
is a challenging task, and there are significant controversies about the 
disorder, including whether it is a distinct disorder or part of major 
depressive disorder, whether childbirth acts as a specific trigger for the 
onset of depression. Whereas efforts to investigate psychosocial and 
epidemiological background of PND have been extensive, the other 
risk factors underlying PND essentially remain unknown. Despite the 
research on risk factors for PND, understanding of related underlying 
mechanisms has not substantially progressed. The timing of onset of 
PND is an area of intense investigation. 

To our knowledge, we are the first group to study the association 
between Mc and PND. This is one of the first study to quantitate the rate 
of McCs using a quantitative PCR approach. Thus, MMc quantification 
was estimated according to the source of chimerism, pregnancy, and 
compared to results obtained from healthy women in this study. In the 
present study, approximately, 44% of women with PND had similar 
psychological disturbances in previous pregnancies and 56.3% of 
them were also found to have psychological discomfort in their family 
history. The 19% of healthy women had also psychological discomfort 
in their family history. These ratios are quite high when compared 
to the control group (p=0.005). Also, the frequencyof PDN (19%) 
in the family history of healthy women in our study is similar to the 
frequency of PDN (17.5%) in our country [7]. These findings suggest 
that depression in women after birth may be familial or genetic. On 
the other hand, 71.9% and 37.5% of the patients and control group 
were using drugs and smoking, respectively. These ratios are also quite 
high when compared to the control group (p=0.05). The risk factors for 
PND has been identified that includes social, demographic, obstetric, 
biological, hormonal, psychiatric, and genetic features, as well as 
characteristics of the newborn child. It has also been proposed that 
the environmental risk for depression may be moderated by genetic 
factors. Genetic factors have been implicated as one of the probable 
causes of PPD, as determined by familial, twin, and adoption studies. It 
is estimated that about 40% to 50% of the risk for depression is genetic 
[8]. However, the specific mechanisms of genetic causality are not well 
understood [9]. and the relative contribution of various combinations 
of genetic and environmental factors to PND is as yet undetermined.

FMcCs were observed in almost all normal tissues of women 
with sons [10]. Other studies before the present have reported MMc 
prevalences of 43% and 24%, respectively, among healthy women 
[11]. In a study, it assumed Y sequences in blood samples to originate 
from male pregnancies, with 70% of women testing positive [12]. 
Our results suggested higher prevalence and concentration of MMc 
in the blood of women with PND than the blood of women without 
disease. Nevertheless, the male DNA ratio in women with PND was 
found to be relatively low (positive in 9.4% of subjects). But we think it 

might be higher. The presence of microchemical cells was less than we 
expected. We assumed MMc to originate from pregnancies with a male 
fetus. Contrary to what we expected, we found no obvious association 
between the number of live-born boys and detection of MMc. Possible 
explanations include more unrecognized pregnancies, the small 
amount of blood sample taken (DNA at micron level), the duration of 
the postpartum period, personal factors or the employment of a test 
with little improved sensitivity and/or reduced specificity. At the same 
time, differences in technique include whether an assay was qualitative 
or quantitative. Another important reason for the low male DNA level 
in our patients may be the placement of the fetal cells in the mother’s 
brain. For this reason, fewer cells may have been caught in the mother’s 
blood.

A similar absence of association between parity and FMc was also 
recently reported by Gammill et al. [13] However, they also showed 
significantly reduced odds of MMc with increasing parity. In our 
results, although the incidence of male DNA in women with PND is 
low. Even this rate shows that quantitative DNA was related to PND. 
Accumulating date from biology and medicine show that natural 
chimerism is astonishingly frequent and may affect human conditions. 
Presently, the temporality, proportion and the outcome of male 
microchimerism is rarely known.

FMc is a common occurrence across placental mammals, the 
effects of such cells on maternal health remain a topic of fierce debate 
in the biological community. Cells derived from the fetus which can 
persist in maternal tissues for decades after a child is born have been 
associated with both protection and increased susceptibility to a 
range of afflictions, including cancer and autoimmune diseases like 
rheumatoid arthritis. However, it has been suggested that there may be 
a relationship between postpartum disorders and Mc. The etiology of 
the majority of mental illnesses is unknown. McCs have been detected 
in the brain tissue of rats and fetuses and in other tissues and organs as 
well. That McCs can penetrate the human brain and reside in the brain 
was first indicated by murine studies that showed the presence of both 
foreign cells and DNA in mouse brains [14,15]. In a study indicate that 
fetal DNA and likely cells can cross the human blood-brain barrier and 
reside in the brain, and male microchimerism is frequent and widely 
distributed in the human female [16]. 

It is currently not possible to meaningfully compare Mc prevalence 
or concentration in human brain to other tissues. The most likely 
source of MMc in female brain is acquisition of FMc from pregnancy 
with a male fetus. At present, the biological significance of harboring 
Mc in the human brain requires further investigation. The literature 
has not progressed significantly beyond a speculative role for the long-
term existence of fetal cells in women with autoimmune diseases. The 
main basis of this hypothesis Mc, which is known to play an etiological 
role in autoimmune diseases, may also be the causative factor in the 
development of schizophrenia and postpartum psychosis. There is no 
consensus on whether the McCs that migrate from mother to fetus is to 
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repair some pathology in the body or is the cause of any possible future 
pathology.  In the etiological explanations of psychotic disorders; it has 
been shown that there is no consensus on what some processes from 
the fetal daylight do not go well and what is the triggering factor [17]. It 
is likely that FCs play each of these roles at various times. But, according 
to this, it has been suggested that the development of PND and psychosis 
may be triggered by the effect of the central nervous system on the 
immune response to McCs that pass to the mother and possibly to the 
critical level [17]. Even though there have been many studies on Mc 
in medicine, no study have been performed on the field of psychiatry. 
Our findings are suggested that there may be a relationship between 
PND and Mc. We believe that Mc may be an important alternative 
explanation to the etiology of chronic degenerative psychiatric diseases 
and postpartum clinical conditions. In this context, we hypothesized 
that Mc, which plays an important role in systemic diseases such as 
systemic sclerosis from thyroid disorders, may play a role in the etiology 
of some psychiatric disorders.

In a study conducted in our country, the prevalence of PND was 
found to be 17.5% [8]. There was a significant correlation between high 
parity and PND. According to this, the prevalence of PND in children 
with pre-existing cases was found to be statistically significantly higher 
than those without [7]. The increased risk of impairment due to an 
increase in the number of births may be related to the increased risk 
of chimeric cell transplantation from the baby to the mother. according 
to this; the immune response to the fetal microchimeric triplet in the 
mother may have been triggered by the effect on the central nervous 
system, PND and the development of psychosis [17]. Stem cell studies 
have shown that somatic cells differentiate with various viruses and 
chemical agents and can transform into stem cells [18]. Fetal stem and 
progenitor cells in mice can be found in several different regions of the 
mother’s brain and these cells undergo neural cell-like transformation 
[15]. At the same time, fetal stem and progenitor cells have been shown 
to integrate into several regions of the brain and differentiate into 
maternal neuronal cells, participate in axonal and dendritic formations, 
and participate in adult neurogenesis. In this study; fetal stem cell 
infusion may have the potential to trigger neurodegenerative diseases 
of the central nervous system. According to this result; it is possible that 
somatic cells of the mother should be organized so that they can form 
a part of the fetal brain tissue by dedifferentiation and repetition of 
differentiation. When it is thought that a very small number of cells can 
control a neurotransmitter system, such as locus serendipitous, it seems 
possible that some of the mental illnesses may occur by affecting the 
development of brain tissue of the microchemical cells passing through 
the mother.

There are various researches on the role of Mc in the etiology of 
autoimmune diseases. It is suspected that schizophrenia patients may 
also have an autoimmune cause. In schizophrenia patients, however, 
no specific antigen was found to cause disease and brain changes in 
autoantibody isolation studies of tissue components of the central 
nervous system. As schizophrenia can cause various central nervous 
system tissue damage, the release of brain antigens and the formation 
of brain autoantibodies to central nervous system tissues can be a 
consequence of the central nervous system pathology [19,20]. FMcCs 
located between the maternal brain cells may interfere with accurate 
neuronal transmission of accurate information between neuronal cells. 
Until the mother’s reaction to the chimeric cells in the central nervous 
system has reached a certain critical level and the psychosis table has 
emerged, it has been shown that either mild neurological manifestations 

or psychodynamic prodromal signs (social withdrawal, reduced 
productivity, somatic and obsessive strokes, low scores from tests, etc.). 
Numerous biological pathways may act in concert to increase the risk 
of PND, and it is also reasonable to assume that different biological 
mechanisms may come into play in individual women.

Conclusion
The present study is the first to establish a link between MMc 

and among women with PND. These findings can be interpreted as a 
pioneer basic data supporting the hypothesis that we have proposed. 
We believe that Mc may be an important alternative explanation to the 
etiology of chronic degenerative psychiatric diseases and postpartum 
clinical conditions. The biological significance of harboring Mc in the 
PND women requires further investigation. Genetic factors can also be 
one of the possible causes of PPD. We think that Mc may be explanatory 
especially for psychotic disorders and mental illnesses developed 
during postpartum period and the work to be done in this direction is 
an important need.  
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