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•  Vagina,	uterus,	ovaries,	breasts	

•  Cervix	examination	–	bimanual	examination	

•  Rectovaginal	examination	–	not	often	

•  Ultrasound	





Most	common	problems	
•  Cancer	
•  Incontinence	of	urine	
•  Amenorrhoea	
•  Dysmenorrhoea	
•  Infertility	
•  Menorrhagia	
•  Prolapse	
•  Infections	
•  UTI	and	pelvic	inflammatory	disease	
•  Premenstrual	syndrome	



Incontinence	of	urine	

•  Pelvic	surgery,	pregnancy,	childbirth,	
menopause	

•  Treatment	
– Surgery	
– Pelvic	floor	muscle	training 		
– Electrical	stimulation	
	



Amenorrhoea	

•  Physiological	state	
– Pregnancy	and	lactation	
– Menopause	

•  Primary	
– Developmental	problems	

•  Secondary	
– Hormonal		

•  Low	body	weight,	drug-induced,	celiac	
disease,	stress	



Dysmenorrhoea	

•  Painful	periods	
•  Young	age	–	no	underlying	problem	
•  Older	–	uterine	fibroids,	adenomyosis,	
endometriosis	

•  Heavy	periods,	irregular	periods,	periods	
starting	before	12th	years	of	age,	low	body	
weight	





•  Endometriosis:	

•  Structures	of	endometrium	are	outside	of	uterus	
(ovaria,	ligaments	of	uterus,	rectovaginal	septum,	
pelvic	peritoneum,	…)	

•  Histogenesis	(theories):	
–  Transplant	theory	–	during	menses,	the	blood	
together	with	structures	gets	back	to	small	pelvic	

– Metaplastic	theory	–	endometrial	tissue	is	produced	
in	situ	from	local	tissue	

– Hematogenious	or	lypmhogenious	dissemination	–	
tissue	outside	of	the	pelvis	

•  During	reproductive	age	



Infertility	

•  Inability	to	reproduce	
– 20-30%	due	to	male	
– 20-35%	due	to	female	
– 25-40%	combined	
– 10-20%	not	defined	

•  WHO	
– Unsuccesful	after	12	months	of	regular	
unprotected	sexual	activity	



Menorrhagia	

•  Bleeding	>80ml/cycle	or	soaking	pad/tampon	
every	two	hours	

•  Structural	abnormalities	
•  Anovulation	(ovaries	do	not	release	oocyte	
during	the	cycle)	

•  Bleeding	disorders	
•  Hormone	issues	



Premenstrual	syndrome	

•  2	weeks	before	the	period	for	six	days	
– Acne,	tender	breasts,	mood	changes,	feeling	tired	



Others	



PCOS	–	Polycystic	ovary	syndrome	

•  Oligomenorrhea	
•  Anovulation	
•  Infertility	
•  Ovaria	are	bigger,	with	cysts	
•  Usually	obese	women	
•  Increased	production	of	androgenes	but	
decreased	FSH	(probably	inhibited	by	
testosterone)	

•  Both	ovaries	are	affected	



Ectopic	gravidity	

•  Ovum	is	implanted	in	fallopian	tubes	
•  Causes	–	inflammation,	previous	surgeries,	
intra	uterus	contraceptions,	anatomical	
anomalies	

•  Rupture	is	possible	à	bleeding	





Preeclampsia	
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Causes	of	increased	concentration	
of	fetal	DNA	in	circulation?	

Increased	production?	

Decreased	elimination?	

Deacreased	degradation?	



Decreased	degradation	of	fetal	DNA	

DNase	

Aim:		
To	measure:		

	-	extracellular	DNA	(total	and	fetal)	
	-	activity	of	DNase	



Samples	of	pregnant	women	

•  n=15	control,	n=22	preeclampsia		
		

•  n=38	control,	n=35	preeclampsia	

•  n=16	control,	n=6	preeclampsia		



Fetal	extracellular	DNA	
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Why???	
	

Decreased	activity	of	DNase	→	high	DNA	
	



DNase activity
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Why???	
	increased	

Decreased	activity	of	DNase	←	high	DNA	



Conclusion	

•  Women	with	preeclampsia	
–  Increased	activity	of	DNase	
–  Increased	extracellular	DNA	



DNase	

DNase	



Conclusion	

•  Women	with	preeclampsia	
–  Increased	activity	of	DNase	
–  Increased	extracellular	DNA	

•  Protected	DNA	
– Exosomes	
– Histones	
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pattern repetitions. Single-stranded DNA shows a higher
affinity towards TLR9 than double-stranded DNA. Double-
stranded DNA from the placenta is hypomethylated, while
DNA from maternal tissues is hypermethylated. Placental
double-stranded DNA originates from the nucleus and is
bound to nuclear proteins. After TLR9 binds hypomethy-
lated DNA, IL-6 production is activated through transcrip-
tion factor NF-jB36; this production can lead to preterm
birth. Therefore, hypomethylated plasmatic cffDNA is con-
sidered to be a possible marker of premature labour.

According to Jakobsen et al37, RHD genotyping in the
25th week of pregnancy can predict preterm delivery
before the 34th week. This was the first study that pre-
dicted preterm labour before the onset of symptoms. In
summary, while the pathogenesis of PE remains unclear,
cffDNA may be a potential predictor of the disease prior to
its onset. However, the latest meta-analysis reveals that
cffDNA is a relevant indicator primarily during the second
trimester, and it is usually non-specific and hard to detect
earlier.38

FIGURE 3 Effect of cffDNA: free
nucleic acids activate signalling pathways
via TLRs. The pathway is either dependent
or independent of Myd-88 and leads to the
production of interferons and interleukins.
cffDNA, cell-free foetal DNA; MyD-88,
myeloid differentiation primary response
gene-88; MAPK, mitogen-activated protein
kinase; NF-jB, nuclear factor kappa-light-
chain-enhancer of activated B cells; TNF,
tumour necrosis factor; TRIF, TIR-domain-
containing adapter-inducing interferon-b;
TLR, toll-like receptors; ss, single stranded;
ds, double stranded

FIGURE 4 Immune response during
PE: placental hypoxia as well as trophoblast
decomposition may cause an increase in
foetal nucleic acids in maternal plasma.
This increase may promote inflammation
and proinflammatory interleukin production
as part of the pathogenesis of PE. PE,
preeclampsia; sFlt-1, soluble fms-like
tyrosine kinase; TLR, toll-like receptors
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groups. Calculations were conducted using GraphPad 6.0 (Graph-
Pad Software, Inc., La Jolla, California, USA). Outliers were analyzed
using the Robust regression and Outlier removal (ROUT) method.
Differences were considered significant if p-values were lower
than 0.05.

3. Results

3.1. Litter size and fetal weight

The only factor affecting litter size was LPS while other groups
had litter sizes comparable to the control group (F¼ 9.40, p < 0.001,
Fig. 1A). In the control group, litter size varied from 5 to 11 pups
while in the LPS group litter size varied from 0 to 1 pup. On
gestation day 19, fetal weight in the control group was
0.95 ± 0.09 g. Treatment with any form of DNA had no effect on
body weight. The only significant difference that was observed was
between control mice and mice treated with LPS (F ¼ 24.9,
p < 0.001, Fig. 1B). Prenatal LPS treatment led to a decrease in fetal
weight of 92% when compared to the fetal weight of the pregnant
control mice.

3.2. Maternal weight, blood pressure and albumin to creatinine
ratio

The body weight of the control pregnant mice on gestation day
19 was 35.13 ± 0.8 g. Mice in groups treated with any form of DNA
had comparable body weights. The only significant difference in
comparison to the control group was found in the LPS group
(F¼ 21.7, p < 0.001). Mice treatedwith LPS had a lower bodyweight
by 36% compared to the control group (t ¼ 7.33, p < 0,001). No
significant differences among the groups were found in systolic
blood pressure (F ¼ 0.80, p ¼ 0.54, Fig. 2A). The albumin to creat-
inine ratio did not show any significant differences on gestation day
19 when comparing experimental groups to the control group
(F ¼ 1.36, p ¼ 0.28, Fig. 2B).

3.3. Placental weight and size

Treatment with mouse adult DNA, mouse fetal DNA, or human

fetal DNA did not result in any change in placental size when
compared to control animals. The only treatment that resulted in a
smaller placental diameter and lower placental weight was LPS
(F ¼ 51.2, p < 0.001 for placental weight, Fig. 3A, F ¼ 16.4, p < 0.001
for placental size, Fig. 3B). The average placental weight in animals
treated with LPS was lower by 92% relative to the control group
(t ¼ 12.7, p < 0.001). Finally, the average placental diameter was
95% smaller in pregnant mice treated with LPS when compared to
the control group (t ¼ 6.81, p < 0.001).

4. Discussion

In this experiment, neither human fetal DNA nor mouse fetal
DNA induced any relevant fetal or maternal pathology. Most
importantly, fetal DNA injections given to pregnant mice did not
induce fetal hypotrophy, maternal hypertension, or proteinuria.
Thus, fetal DNA, either of mouse or human origin, did not induce
preeclampsia-like symptoms. These results do not support our
previously published hypothesis on the role of fetal DNA in the
etiopathogenesis of preeclampsia, at least in late pregnancy of the
mouse [15]. However, the lack of maternal or fetal pathologies
induced by DNA administration during the late pregnancy in the
mouse does not exclude the possibility that fetal DNA is involved in
the pathogenesis of preeclampsia during early stages of gestation as
shown in the previously published study [16]. One of the potential
explanations for the different outcomes beyond timing of DNA
administration might be, that different strains of mice were used.
While we conducted the experiment on C57Bl/6 mice, the study
showing preeclampsia-like effects of fetal DNA used mainly BALB/c
mice, and C57Bl/6 mice were only used for the comparison to toll-
like receptor 9 deficient mice. The expression of toll-like receptor 9,
which should recognize fetal DNA, is higher in immunocompetent
cells from C57Bl/6 mice in comparison to immunocompetent cells
from BALB/c mice [20]. The mice in our experiment should, thus, be
more sensitive to fetal DNA. In our study, fetal DNA was applied
daily for 5 consecutive days. It was expected to have a more pro-
found effect than a single injection of fetal DNA. Nevertheless, the
main difference between the studies was the timing of injections
and this is the most likely cause for the differences in the observed
outcomes. In addition, the lack of the effect of injected fetal DNA,

Fig. 1. Only LPS administration affected litter size while the other groups with various forms of injected DNA had litter sizes comparable to the control group (A). CTRL (n ¼ 9), LPS
(n ¼ 5), Mouse adult DNA (n ¼ 8), Mouse fetal DNA (n ¼ 8), Human fetal DNA (n ¼ 4). On gestation day 19, only LPS administration induced significant differences in fetal weight (B).
CTRL (n ¼ 9), LPS (n ¼ 5), Mouse adult DNA (n ¼ 8), Mouse fetal DNA (n ¼ 8), Human fetal DNA (n ¼ 4). ***p < 0.001.
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regardless of origin, indicates that the potential interspecies dif-
ferences of the injected DNA are likely not relevant. For further
research, however, DNA from the same species should be tested to
model the role of endogenous cell-free DNA in the pathogenesis of
diseases.

Fetal and placental weights were not affected by injections of
mouse adult DNA. This is important because some studies indicate
that preeclampsia is associated not only with higher fetal DNA
concentrations, but also with higher maternal DNA concentrations
in plasma. As a result, the amount of total cell-free DNA in maternal
plasma is higher in preeclamptic pregnancies compared to control
pregnancies [17,18]. Mitochondrial DNA, as a damage-associated
molecular pattern, has been suggested as a pathogenic factor in

preeclampsia [21,22]. This hypothesis is relevant since mitochon-
drial DNA, similar to bacterial DNA and fetal DNA, contains hypo-
methylated CpG islands that are able to induce inflammation
through the activation of the innate immune system via toll-like
receptor 9 in tissue injury [23]. This mechanism seems to be
similar to sepsis [24] and sepsis-related complications such as acute
kidney injury [25]. Although mitochondrial DNA was not directly
tested in this experiment, it was actually present in all injected
forms of DNA. Mouse adult and fetal DNA were purified from tis-
sues using kits that isolate total DNA, not discriminating between
nuclear andmitochondrial DNA. So, although the content and, thus,
the dose of mitochondrial DNA can only be estimated, it had no
effect on mouse gestation.

Fig. 2. No significant differences were observed in systolic blood pressure (A). CTRL (n ¼ 7), LPS (n ¼ 3), Mouse adult DNA (n ¼ 4), Mouse fetal DNA (n ¼ 6), Human fetal DNA
(n ¼ 4). The albumin to creatinine ratio on gestation day 19 did not show any significant differences when comparing experimental groups with the control group (B). CTRL (n ¼ 5),
LPS (n ¼ 4), Mouse adult DNA (n ¼ 5), Mouse fetal DNA (n ¼ 8), Human fetal DNA (n ¼ 4).

Fig. 3. Only treatment with LPS resulted in significant differences in placental weight (A). CTRL (n ¼ 9), LPS (n ¼ 6), Mouse adult DNA (n ¼ 8), Mouse fetal DNA (n ¼ 8), Human fetal
DNA (n ¼ 4). Placental size (B) on gestation day 19, no significant differences were seen between the control group and the groups injected with various types of DNA in placental
and fetal weight. Only treatment with LPS showed significant differences in comparison to control group. CTRL (n ¼ 9), LPS (n ¼ 6), Mouse adult DNA (n ¼ 8), Mouse fetal DNA
(n ¼ 8), Human fetal DNA (n ¼ 4). ***p < 0.001.

J. !Conka et al. / Placenta 52 (2017) 100e105 103
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degradation of NETs from the blood and prolonged impact
of cfDNA on the organism. Persistent NETosis redoubles
the production of interferons through a TLR9-dependent
pathway that activates B cells and increases the expression
of autoantibodies.85 Recently, a study reported that there
was a higher ratio of NETs to total number of neutrophils
in complicated pregnancies (those with SLE or PE) com-
pared with controls. This increase could be the result of
endothelial cell apoptosis during both diseases; this cell
death is associated with type I interferon mRNA expression
that supports NET formation.86 A considerably high level
of NETs was also found in the placental intervillous space
and contributes to inflammation of the placenta. It has not
been clearly established yet whether NETs are also associ-
ated with FGR or preterm labour; however, it is an impor-
tant area to be focused on in future studies.

1.4 | Immune response to EVs during
various pregnancy complications

Extracellular vesicles are nanosized double-membrane parti-
cles that are released from the cell into the extracellular
space. Numerous recently published papers have focused
on EVs, which can exchange nucleic acid cargo as part of
cell-to-cell communication. It was also demonstrated that
EVs play a role in the immune system. During pregnancy,
immunomodulation may result from EVs released from the
placental trophoblast into the maternal circulation.87

miRNA, mRNA, mtDNA and nuclear DNA are believed to
be packed inside EVs. Therefore, EVs contribute to the
amount of total cfDNA (Figure 7).4,88

Some publications demonstrate that EVs that originate
from the placental trophoblast are involved in the immune

response during pregnancy through different types of
human leucocyte antigens present on their surface. It is
hypothesized that EVs play a role in decreasing the chance
of foetal rejection.89,90 On the other hand, EVs stimulate
some blood cells, including monocytes and peripheral
mononuclear cells, to produce interleukins. A recently pub-
lished paper by Delorme-Axford et al showed that exo-
somes, a subset of EVs that originate in the placenta, play
a role in the regulation of the immune response. Specifi-
cally, placental EVs modified the ability of recipient non-
placental cells to undergo autophagy. Thus, it is hypothe-
sized that proteins as well as nucleic acids carried by EVs
could influence recipient cells. It is believed that the

FIGURE 6 The NETosis pathway:
placental hypoxia activates neutrophils
followed by TLR9 activation by
extracellular DNA. These activations result
in a vicious cycle of placental damage and
systemic inflammation. mtDNA,
mitochondrial DNA; IL, interleukin; NF-
jB, nuclear factor kappa-light-chain-
enhancer of activated B cells; TLR, toll-like
receptors; cffDNA, cell-free foetal DNA

FIGURE 7 Structure of EVs: the schematic shows the structure
and content of EVs. EV, extracellular vesicle
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Foetal	growth	restriction	



•  Small	fetus	
•  Causes	
– Poor	placentation,	placental	oxidative	stress		

•  Connected	to	preeclampsia	or	SLE	
•  Altered	umbilical	blood	circulation	à	chronic	
hypoxia	of	placenta	

•  Extracellular	DNA	





SLE	in	pregnancy	



SLE	–	systemic	lupus	erythematosus	

•  Autoimmune	disease	
–  Joints,	skin,	kidneys,	nervous	system	

•  SLE	in	pregnancy	
– Miscarriage,	death	
– Hypertension,	obesity,	diabetes	mellitus,	lupus	
nephritis,	renal	diseases	

– Autoantibodies	against	nuclear	antigens	or	dsDNA	
à	inflammation	

– Non-functional	DNase	



relapse. Therefore, medication had to be applied in spite of
the pregnancy. However, the resumption of medication dur-
ing pregnancy did not have the same effect in all cases.70

This finding indicates that the underlying mechanisms, pos-
sibly involving cfDNA or cffDNA, need to be understood
to find more effective treatments for pregnant women expe-
riencing RA.

1.2.5 | Gestational diabetes mellitus

Gestational diabetes mellitus is defined as carbohydrate
intolerance detected during the first stages of pregnancy. It
is caused by inefficient production of insulin. Oxidative
DNA damage induces inflammation during GDM, and this
damage contributes to altered anatomy and physiology of
the placenta. Although GDM is not an autoimmune disor-
der, it is a serious pregnancy complication that can induce

a strong immune response in the organism and often results
in spontaneous abortion.71

Few research groups have studied the level of cffDNA
in women with GDM compared with normal pregnancies.
Zamanpoor et al72 did not observe any differences between
the groups with regard to cffDNA concentrations as
detected by quantitative polymerase chain reaction amplifi-
cation. On the other hand, it was observed that placentas
and cord blood cells from women with GDM are rich in
CpG dinucleotide DNA compared with normal women.73

This finding suggests that the level of CpG dinucleotides
might be used as a potential indicator of the disease. The
presence of CpG dinucleotides indicates that placental
DNA is hypomethylated. Therefore, DNA emanating from
apoptotic placental cells may cause inflammation through
TLR9. CpG islands present in cord blood cells exposed to
intrauterine hyperglycaemia can lead to macrosomia, a

FIGURE 5 Comparison of STING and TLR9 pathway activation: the schematic depicts the differences between the STING and TLR9
signalling pathways activated through DNA sensing. CpG, 50-C-phosphate-G-30, TLR, toll-like receptors; MyD-88, myeloid differentiation
primary response gene-88; NF-jB, nuclear factor kappa-light-chain-enhancer of activated B cells; IL, interleukin; GMP-AMP, cyclic guanosine
monophosphate-adenosine monophosphate; STING, stimulator of interferon genes
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IL-5, IL-6 and IL-10 responsible for antibody production, whereas Th1 (cellular 

cytokines), which includes IFN-γ, IL-2 and TNF-β, is responsible for stimulation of 

cellular immunity (Fig. 4). Although, levels of interleukins varies throughout the 

disease (62). It was shown previously that stimulation of TLR7 is linked with anti-

RNA antibodies, whereas stimulation of TLR9 is linked with anti-DNA antibodies 

(Table 2) (63). Not much is known about the role of TLR9 in SLE patients even 

though there was found an increased expression in SLE patients (64). It also seems 

that higher expression of TLR9 contributes to the inflammatory reactions during SLE, 

even especially in kidneys during lupus nephritis (65, 66), however the published data 

are heterogeneous. It was observed that TLR7 could be induced by bacteria, viruses, 

CpG unmethylated motifs or interferons; so does TLR9 (67). This pathway is 

deregulated during SLE and TLR7 becomes upregulated and high-responsive leading 

to the stimulation of an immune response in cells which remain unstimulated under 

the regular conditions of an organism (68). Production of dsDNA antibody is contrary 

to the high incidence of cfDNA originating from increased apoptosis and necrosis, 

especially from placenta during pregnancy, which accelerates during SLE (69). Other 

receptors involved in the immune response during SLE are also non-TLRs, for 

example Fc receptors, located on the surface of certain cells and responsible for the 

protection of the immune system; or receptors for advanced glycation endproducts 

(RAGEs), whereas AGEs come from glycation of proteins, lipids and nucleic acids 

and cause an oxidative stress (70, 71). Even though it is known that AGEs and their 

receptors have a considerable role in the pathogenesis of SLE in terms of 

inflammatory processes, more studies are needed to reveal different polymorphisms 

of RAGEs and their association with severity of SLE (72).  

 

 
Fig. 4: Modified T helper cells ration during SLE. 



Rheumatoid	arthritis	



•  Small	joints	in	hands	and	feet	-	inflammation	
•  Mostly	women	around	40	years	old	
•  Markers	
– Antibodies	against	citrullinated	antigens	(citrullination	
=	deiminitation	=	modification	of	arginine	side	chains)	
à	citrullinated	proteins	à	inflammation	à	presence	
in	joints	

–  Rheumatoid	factor	
•  Extracellular	DNA	and	NETs	
•  Improves	during	pregnancy	in	75-95%	(changed	
cytokine	profiles	–	opposite	to	SLE)	

•  Risk	of	preterm	delivery	but	not	abortion	
•  Biological	therapy	
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Abstract
Background Extracellular DNA (ecDNA) is increased in inflammation and it also induces inflammation. In patients with 
rheumatoid arthritis (RA), plasma ecDNA is higher than in healthy controls. Due to low specificity, it cannot be used for 
screening, but it might be useful for monitoring and prognosis of therapy success. The effect of treatment with biological 
disease-modifying antirheumatic drugs (bDMARDs) on plasma ecDNA in RA patients with regards to its subcellular origin 
has not been analyzed yet. The aim of this study was to describe the effects of bDMARDs on plasma ecDNA and its nuclear 
(nDNA) and mitochondrial (mtDNA) fractions in patients with RA.
Methods Plasma samples of 32 patients with RA were collected before, as well as 3 and 6 months after starting the treatment 
with bDMARDs. Total plasma ecDNA was quantified fluorometrically. The subcellular origin of ecDNA was assessed using 
real time PCR. Treatment success was monitored using DAS28 and C-reactive protein (CRP).
Results The clinical status of patients improved. Both DAS28 and CRP decreased by 52 and 73% after 3 months of treat-
ment. Plasma ecDNA decreased significantly only after 6 months (by 26%). Real-time PCR showed that both, nDNA and 
mtDNA decreased by 63 and by 45% after 6 months.
Conclusion Treatment with bDMARDs decreases plasma ecDNA of both nuclear and mitochondrial origin. Dynamics of 
ecDNA is slower than dynamics of standard clinical markers. Therefore, it is likely to be not useful for monitoring of the 
disease progress, at least for RA.

Keywords Cell-free DNA · DAMPs · Innate immunity · Biological therapy · Immunosuppressive treatment

Introduction

Extracellular DNA in plasma (ecDNA), also known as 
circulating cell-free DNA, is released into the circulation 
from cells during cell death. Beyond apoptosis and necrosis, 

NETosis as a part of inflammatory response can be an impor-
tant source of ecDNA. EcDNA is present in all body fluids 
even under healthy conditions, but its concentration is higher 
in plasma of patients with different inflammatory diseases 
[1, 2]. Physiological role of ecDNA remains unclear, but its 
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Therefore, ecDNA seems not to be useful for monitoring 
of the treatment. The decrease of ecDNA seems to be a 
postponed consequence of the decrease in inflammation 
and disease activity. However, in contrast to others, none 
of the patients in our cohort could be classified as a non-
responder to the biological treatment [7].

Fig. 1  Concentration of total extracellular DNA (ecDNA; a), nuclear 
ecDNA (nDNA; b), mitochondrial ecDNA (mtDNA; c) in plasma 
of patients with rheumatoid arthritis (RA). DNA was isolated from 
plasma of RA patients before as well as 3 and 6 months after the start 
of biological anti-inflammatory treatment. Total ecDNA was quan-
tified using Qubit fluorometer (a). Real-time PCR of specific genes 
was used for quantification of nDNA (b) and mtDNA (c) (**p < 0.01)

Fig. 2  Correlations between concentration of total extracellular DNA 
(ecDNA) in plasma and disease activity score (DAS 28, a), C-reac-
tive protein (CRP, b) and erythrocyte sedimentation rate (ESR, c) in 
patients with rheumatoid arthritis



Gestational	diabetes	mellitus	



•  Carbohydrate	intolerance	–	first	stages	of	
pregnancy	ß	inefficient	production	of	inslulin	

•  Oxidative	DNA	damage	à	inflammation	à	
altered	anatomy	and	physiology	of	placenta	

•  Obese	women	are	predisposed	
•  Extracellular	DNA	



Obesity	in	pregnancy	



•  Large	fetus	
•  Adipocyte	necrosis	à	increased	extracellular	
DNA	
– Difficult	to	quantify	extracellular	fetal	DNA	



Have	a	good	day!	
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