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Problem: Uterine	natural	killer	(uNK)	cells	are	major	players	during	implantation	and	
early	pregnancy.	The	aim	of	our	study	was	to	analyze	uNK	cell	concentration	in	the	
endometrium	of	idiopathic	recurrent	miscarriage	(iRM)	patients	and	fertile	controls.
Method of study: Out	of	n=130	couples	with	≥3	consecutive,	clinical	RM	screened	
according	to	a	standardized	diagnostic	protocol,	n=58	patients	with	iRM	were	identi-
fied.	Endometrial	biopsies	were	investigated	in	patients	and	n=17	fertile	women	(con-
trols)	via	immunohistochemistry.
Results: Compared	to	controls,	the	concentration	of	uNK	cells	was	significantly	higher	
in	iRM	patients	(257±212	vs.	148±73	uNK	cells/mm²,	P=.04).	IRM	patients	showed	a	
higher	prevalence	of	>300	uNK	cells/mm²	than	controls	 (34.5%	vs.	5.9%,	P=.02).	 In	
88%	of	controls	and	62%	of	iRM	patients,	uNK	cells	were	detected	within	the	range	of	
40-	300/mm².
Conclusion: Idiopathic	recurrent	miscarriage	patients	showed	higher	uNK	cell	 levels	
than	controls	supporting	the	possible	impact	of	uNK	cells	in	the	pathophysiology	of	
miscarriage.	Our	 cutoff	 levels	might	 help	 to	 select	RM	patients	which	may	benefit	
from immunomodulatory treatment.
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1  | INTRODUCTION

Recurrent	miscarriage	(RM)	is	a	highly	frustrating	disorder	with	an	inci-
dence	of	1%-	3%	during	reproductive	years.	Besides	several	established	
risk	 factors	 including	anatomic,	 chromosomal,	 endocrine	and	hemo-
static changes, the involvement of the immune system is discussed 
controversially.	So	far,	only	screening	for	antiphospholipid	syndrome	is	
recommended in guidelines as part of immunologic diagnostic.1,2

Several	 studies	 described	 immune	 parameters	 that	 showed	
changes	in	RM	patients	as	compared	to	controls.	One	of	these	im-
mune parameters of highly scientific and clinical interest are uterine 
natural	killer	(uNK)	cells	which	form	a	large	portion	of	immune	cells	
in the uterine cavity and are major players during implantation and 

early pregnancy.3	 However,	 the	 distribution	 during	 the	 menstrual	
cycle	 and	 the	 pathophysiological	 significance	 in	 (early)	 pregnancy	
are only partially understood. Preliminary evidence indicates that 
the	 concentration	of	 uNK	cells	 in	women	with	RM	 is	 increased.4,5 
However,	controversial	debates	are	ongoing	and	a	standardized	di-
agnostic method is still not established.6-8	Analysis	of	uNK	cells	can	
be	performed	by	fluorescence-	activated	cell	sorting	(FACS)	or	immu-
nohistochemistry.6	Reliable	reference	levels	of	uNK	cells,	which	ac-
count for their tremendous changes depending on the day of cycle, 
for	both	techniques	have	not	been	determined	yet.	The	aim	of	our	
study	 is	 to	 analyze	uNK	cell	 concentration	 in	 the	endometrium	of	
idiopathic	RM	patients	and	fertile	controls	to	establish	possible	cut-
off values.
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2  | MATERIALS AND METHODS

2.1 | Study population

In	 total,	n=130	patients,	 from	18	to	40	years	of	age,	non-	smoker	
with	≥3	consecutive,	RM	 (confirmed	as	 intrauterine	miscarriages,	
by	 ultrasound	 or	 histology)	 were	 recruited	 between	 January	
2014	and	September	2016.	Non-	pregnant	RM	patients	were	rou-
tinely	 screened	 for	anatomic	disorders	 (vaginal	ultrasound,	office	
hysteroscopy),	 thyroid	 dysfunctions,	 anticardiolipin	 antibodies	
(IgG≥10	U/mL,	IgM≥5	U/mL),	anti-	ß2-	glycoprotein	(IgG≥10	U/mL,	
IgM≥10	U/mL),	 lupus	 anticoagulant,	 deficiencies	 in	 coagulation	
factors	 (protein	 C,	 protein	 S,	 antithrombin),	 inherited	 thrombo-
philia	(mutations	in	the	factor	V	or	prothrombin	gene)	and	parental	
chromosomal	 disorders	 (numerical	 aberrations).	 In	 n=58	 couples,	
idiopathic	RM	(iRM)	was	present	(negative	screening	of	the	estab-
lished	 risk	 factors).	 Control	 samples	 (n=17)	 have	 been	 obtained	
from	egg	donors	of	the	Centro	Médico	Palencia	Madrid,	Spain.	All	
egg donors recruited as controls had least one previous success-
ful	pregnancy	and	no	autoimmune	disease.	N=3	controls	showed	a	
history	of	one	early	miscarriage.	The	Human	Investigation	Review	
Board	 at	 the	Ruprecht-	Karls	University	Heidelberg	 approved	 the	
study. All women included in this investigation gave their written 
consent.

2.2 | Detection of uterine natural killer cells

All	biopsies	were	taken	during	the	mid-	luteal	phase	(7-	10	days	after	
LH	surge)	of	a	natural	cycle.9	The	day	of	menstrual	cycle	has	been	con-
firmed by evaluation of endometrial glands and stroma. Endometrial 
biopsies	 were	 fixed	 in	 5%	 buffered	 formalin	 for	 at	 least	 24	hours	
and	embedded	 in	paraffin.	The	samples	were	cut	at	4	μm, mounted 
on	 SuperFrost/Plus	 slides	 (Menzel,	 Germany)	 and	 deparaffinized	
and	rehydrated.	Antibodies	were	diluted	with	Background	Reducing	
Components	 (DAKO,	Germany).	Antigen	retrieval	was	accomplished	
by	 using	 citrate	 buffer.	 To	 inhibit	 endogenous	 peroxidase	 activity,	
samples	 were	 incubated	 with	 Peroxidase	 Block	 (DAKO,	 Germany)	
for	7	minutes	as	recommended	and	washed	in	TBS-	Tween20	(0.05%;	
PBS,	pH	7.6).	Samples	were	incubated	with	the	primary	mouse	antihu-
man	CD56	antibody	 (clone:123C3,	 isotype:	 IgG1,	DAKO,	Germany)	
for	1	hour	and	for	30	minutes	with	the	secondary	antibody	 (labeled	
polymer-	HRP	 antimouse,	 clone:	 DAK-	GO1,	 isotype:	 IgG1,	 DAKO,	
Germany)	 at	 room	 temperature.	 Between	 each	 step,	 all	 samples	
were	washed	profusely	with	TBS-	Tween20	(0.05%).	The	peroxidase	
reaction	 was	 achieved	 with	 DAB	 (3.3′-	diaminobenzidine;	 DAKO,	
Germany)	and	discontinued	with	water	after	15	minutes.	Hematoxylin	
staining	was	followed	by	mounting	the	cover	slide	with	Histofluid	.	All	
samples	were	analyzed	independently	by	two	experienced	biologists/
physicians	using	a	Zeiss	AxioPlan	Microscope	and	the	AxioVison	4.8	

F IGURE  1 Endometrial samples 
stained	for	CD56	and	negative	controls.	
Immunohistochemical analysis of 
endometrial	tissue	for	CD56+	uNK	
cells	via	DAB	detection	(brown	signal).	
Score	for	semiquantitative	evaluation:	
<40	uNK	cells/mm²=low;	40-	300	uNK	
cells/mm²=normal;	>300	uNK	cells/
mm²=increased.	Magnification	×200;	scale	
bar 100 μm
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program.	CD56+	uNK	cells	were	evaluated	as	absolute	numbers	per	
mm2	(Figure	1).

2.3 | Statistics

Statistical	analysis	was	performed	using	GraphPad	Prism	version	6.01	
for	 Windows,	 GraphPad	 Software,	 La	 Jolla	 California	 USA,	 www.
graphpad.com.	 In	 case	 of	 normally	 distributed	 raw	 data,	 Student’s	
t test was used to compare two groups. Data of dichotomous vari-
ables	were	compared	by	the	Chi-	square	test.	A	P- value <.05 was con-
sidered significant.

3  | RESULTS

Characteristics	of	patients	and	controls	are	shown	in	Table	1.	N=21	
women	of	the	RM	group	had	a	history	of	a	livebirth	prior	to	their	mis-
carriages.	 In	 comparison	with	controls,	 endometrial	biopsies	of	 iRM	
patients	 contain	 significant	 higher	 levels	 of	 uNK	 cells	 (uNK	 cells/

mm²	in	iRM	patients:	257±212,	controls:	148±73,	P=.04,	Figure	2A).	
About	88%	of	endometrial	biopsies	of	controls	showed	a	count	of	40-	
300	uNK	cells/mm².	We	suggest	a	score	for	the	diagnostic	evaluation	
of	uNK	cells/mm²:	0-	40=low,	40-	300=normal,	>300	 increased	 (uNK	
cells	 in	 controls:	 mean+2	 standard	 deviations	 (SD):	 295	uNK	 cells/
mm²).	Figure	2B	shows	the	distribution	of	uNK	cell	counts	in	iRM	pa-
tients	and	controls.	The	prevalence	of	samples	>300	uNK	cells/mm²	
is	significantly	higher	in	iRM	patients	compared	to	controls	(34.5%	vs.	
5.9%,	P=.02).

4  | DISCUSSION

Immunologic	analyses	are	 increasingly	 implemented	 in	RM	diagnos-
tics.	One	of	the	parameters	of	 interest	are	uNK	cells.	Our	study	re-
veals	significant	higher	uNK	cells	 in	a	strictly	defined	cohort	of	 iRM	
patients compared to healthy control women.

First	data	indicating	elevated	uNK	cells	in	iRM	patients	(n=20)	com-
pared	 to	 fertile	 controls	 (n=15)	were	provided	by	Lachapelle	et	al.	 in	

1996.10	In	contrast	to	our	study,	uNK	cells	were	identified	by	flow	cy-
tometry.	The	 study	described	no	 significant	 difference	 in	 the	overall	
number	of	uNK	cells	between	women	with	RM	and	controls.	However,	
in	RM	patients	the	rate	of	CD56+	cells	that	co-	expressed	CD16	was	
significantly	higher,	suggesting	an	important	role	of	NK	subsets	in	the	
pathophysiology of miscarriage.10	 In	 1999,	 Clifford	 et	al.	 published	
data	on	CD56+	uNK	cells	in	n=29	women	with	≥3	RM	(normal	paren-
tal chromosomes and uterine cavity in ultrasound scanning and nega-
tive	for	antiphospholipid	antibodies)	and	n=10	parous	women	with	no	
history of miscarriage or infertility.4	Endometrial	biopsies	were	 taken	
during	luteal	phase	and	stained	with	anti-	CD56.	The	morphometry	was	
performed according to the “number of positively staining cells in 10 
non-	overlapping	 high-	powered	 (X400)	 fields	 (h.p.f.)	 and	 repeated	 in	
a second specimen from the same subject and the mean of the ab-
solute number of cells per 10 h.p.f. was calculated”.4 In line with our 
study,	uNK	cells	were	significantly	higher	in	RM	patients	than	in	con-
trols	 (mean±SD=146±71	 per	 10	h.p.f.	 in	 RM	 patients	 versus	 94±19	
per 10 h.p.f. in controls, P=.001).4	Furthermore,	RM	patients	with	early	

TABLE  1 Characteristics	of	iRM	patients	and	healthy	controls

iRM≥3 (n=58)
Healthy 
controls (n=17)

Agea 34.7±3.6 27.0±9.0

Gravidityb 3	(3/14) 1	(1/2)

Parityb 0	(0/3) 1	(1/2)

No.	of	miscarriagesb 3	(3/14) 0	(0/1)

GA of miscarriagesb 8	(5/17) n.a.

Time	after	miscarriageb 4	(2/16) n.a.

BMIa 23.4±3.2 22.8±1.5

amean±SD,	 bmedian	 (min/max).	 Characteristics:	 age	 (y),	 gravidity,	 parity,	
no.	 of	miscarriages	 (number	of	miscarriages),	GA	of	miscarriages	 (gesta-
tional	age	of	miscarriages),	time	after	miscarriage	(time	(months)	to	diag-
nostics	after	last	miscarriage),	BMI	(body	mass	index);	iRM	≥=patients	with	
≥3	 idiopathic,	 consecutive,	 clinical	 miscarriages;	 healthy	 controls=egg	 
donors with successful pregnancy and no autoimmune disease; n.a. =not 
assessed.

F IGURE  2 uNK	cells	in	iRM	patients	
and	healthy	controls.	(A)	Mean	uNK	cells/
mm2	in	iRM	patients	are	significantly	higher	
compared	to	healthy	controls.	Student’s	
t test was used, and a P- value<.05 was 
considered significant. Data are shown as 
mean+standard	deviation.	(B)	Distribution	
of	uNK	cell	counts	in	iRM	patients	and	
controls.	The	prevalence	of	>300	uNK	
cells/mm²	is	significantly	higher	in	iRM	
patients	compared	to	controls.	Chi-	square	
test was used, and a P- value<.05 was 
considered significant
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miscarriages	showed	even	higher	uNK	cell	counts	(mean±SD=161±72	
per 10 h.p.f., P<.001).4 Quenby et al., again using immunohistochem-
istry, reported altered endometrial lymphocyte populations with ele-
vated	CD56+	uNK	cells	in	endometrial	biopsies	from	patients	with	≥3	
iRM	(n=22).5	Michimata	et	al.	aimed	to	predict	pregnancy	outcome	in	
n=17	 iRM	women	 (with	 two	consecutive	 first-	trimester	miscarriages)	
as	 compared	 to	n=15	women	with	male-	factor	 infertility	 (controls).11 
RM	patients	and	controls	underwent	endometrial	biopsies	during	peri-	
implantation period.11	 In	 addition,	 subsequent	 pregnancy	 outcomes	
were	documented.	Immunohistochemistry	was	performed	and	CD56+	
cells	 were	 counted	 per	 10	h.p.f.	 like	 in	 the	 study	 of	 Clifford	 et	al.4 
However,	 they	 did	 neither	 find	 significant	 differences	 between	 uNK	
cells	in	iRM	patients	and	controls	nor	between	patients	with	subsequent	
miscarriages	or	live	births.	Kamoi	et	al.	investigated	peripheral	NK	cells	
as	well	 as	uNK	cells	 in	women	with	≥2	 iRM	 (n=43)	and	unexplained	
infertility	(n=38)	by	flow	cytometry.12	They	were	able	to	show	that	the	
percentage	of	endometrial	CD56+/IL-	22+	and	CD56dim/IL-	22+	cells	
in	women	with	iRM	was	significantly	higher	than	that	of	patients	with	
unexplained	infertility	(P<.05).12 A recent meta- analysis showed no sig-
nificant	difference	of	uNK	cells	between	RM	patients	and	controls.6 In 
fact,	we	previously	also	reported	no	difference	of	uNK	cells	between	
various	subgroups	of	RM	(eg	primary	vs.	secondary	RM).13	However,	
compared to healthy controls, this study shows significantly higher lev-
els	of	uNK	cells	in	a	well-	defined	cohort	of	iRM	patients.	This	highlights	
the	importance	to	exclude	established	risk	factors	for	RM	and	to	use	
strict criteria of selection to identify new targets of diagnostics.

According to the mean value and standard deviation of controls, 
we	suggest	the	following	categories	for	uNK	cell	evaluation:	0-	40	uNK	
cells/mm2=low	 (5.9%	 of	 controls),	 40-	300	uNK	 cells/mm2=normal 
(88.2%	of	controls)	and	>300	uNK	cells/mm2	(mean+2SD	of	controls	
295	uNK	cells/mm²,	5.9%	of	controls).	This	concept	needs	to	be	con-
firmed in a larger control group, which is part of our ongoing research. 
Further, following up the obstetrical outcome of patients with low, 
normal	and	increased	uNK	cell	 levels	is	necessary	to	understand	the	
impact of these cells on pregnancy outcome. It is important to prove 
our	concept	of	reference	categories	for	uNK	cell	evaluation	with	the	
help	of	clinical	parameters	(eg	increased	uNK	cell	levels	are	associated	
with	a	higher	risk	of	miscarriage	in	a	subsequent	pregnancy).

Besides	a	standardized	and	strict	protocol	for	assessing	uNK	cells	
by	 immunohistochemistry,	 it	 needs	 to	 be	 emphasized	 that	 timing	 is	
crucial	to	obtain	reliable	results	of	uNK	cell	diagnostics,	as	tremendous	
changes	in	uNK	cell	concentrations	have	been	described	for	individual	
days of the menstrual cycle.14

5  | CONCLUSION

The	 endometrium	 of	 iRM	 patients	 contains	 higher	 concentra-
tions	of	uNK	cells	as	compared	to	controls.	Future	studies	need	to	

confirm	reference	values	 in	a	 large	cohort	of	control	women.	UNK	
cell diagnostics open a new target for immunomodulatory treatment 
strategies.

REFERENCES

	 1.	 ACOG.	 ACOG	 practice	 bulletin.	 Management	 of	 recurrent	 preg-
nancy	loss.	Number	24,	February	2001.	(Replaces	Technical	Bulletin	
Number	 212,	 September	 1995).	American	College	 of	Obstetricians	
and Gynecologists. Int J Gynaecol Obstet.	2002;78:	179-190.

	 2.	 Jauniaux	 E,	 Farquharson	 RG,	 Christiansen	OB,	 Exalto	N.	 Evidence-	
based guidelines for the investigation and medical treatment of recur-
rent miscarriage. Hum Reprod.	2006;21:2216-2222.

	 3.	 Lash	 GE,	 Bulmer	 JN.	 Do	 uterine	 natural	 killer	 (uNK)	 cells	 con-
tribute to female reproductive disorders? J Reprod Immunol. 
2011;88:156-164.

	 4.	 Clifford	K,	Flanagan	AM,	Regan	L.	Endometrial	CD56+	natural	killer	
cells in women with recurrent miscarriage: a histomorphometric 
study. Hum Reprod.	1999;14:2727-2730.

	 5.	 Quenby	 S,	 Bates	 M,	 Doig	 T,	 et	 al.	 Pre-	implantation	 endometrial	
leukocytes	 in	 women	 with	 recurrent	 miscarriage.	 Hum Reprod. 
1999;14:2386-2391.

	 6.	 Seshadri	 S,	 Sunkara	 SK.	Natural	 killer	 cells	 in	 female	 infertility	 and	
recurrent miscarriage: a systematic review and meta- analysis. Hum 
Reprod Update.	2014;20:429-438.

	 7.	 Sacks	G.	Enough!	Stop	the	arguments	and	get	on	with	the	science	of	
natural	killer	cell	testing.	Hum Reprod.	2015;30:1526-1531.

	 8.	 Moffett	A,	 Shreeve	N.	 First	 do	no	harm:	 uterine	 natural	 killer	 (NK)	
cells in assisted reproduction. Hum Reprod.	2015;30:1519-1525.

	 9.	 Giuliani	 E,	 Parkin	 KL,	 Lessey	 BA,	 Young	 SL,	 Fazleabas	 AT.	
Characterization	of	uterine	NK	cells	 in	women	with	infertility	or	re-
current pregnancy loss and associated endometriosis. Am J Reprod 
Immunol.	2014;72:262-269.

	10.	 Lachapelle	MH,	Miron	P,	Hemmings	R,	Roy	DC.	Endometrial	T,	B,	and	
NK	cells	in	patients	with	recurrent	spontaneous	abortion.	Altered	pro-
file and pregnancy outcome. J Immunol.	1996;156:4027-4034.

	11.	 Michimata	T,	Ogasawara	MS,	Tsuda	H,	et	al.	Distributions	of	endo-
metrial	NK	cells,	B	cells,	T	cells,	and	Th2/Tc2	cells	fail	to	predict	preg-
nancy outcome following recurrent abortion. Am J Reprod Immunol. 
2002;47:196-202.

	12.	 Kamoi	 M,	 Fukui	 A,	 Kwak-Kim	 J,	 et	 al.	 NK22	 Cells	 in	 the	 Uterine	
Mid-	Secretory	 Endometrium	 and	 Peripheral	 Blood	 of	Women	with	
Recurrent	 Pregnancy	 Loss	 and	Unexplained	 Infertility.	Am J Reprod 
Immunol.	2015;73:557-567.

	13.	 Kuon	RJ,	Vomstein	K,	Weber	M,	et	al.	The	“killer	cell	story”	in	recurrent	
miscarriage: association between activated peripheral lymphocytes 
and	uterine	natural	killer	cells.	J Reprod Immunol.	2017;119:9-14.

	14.	 Russell	 P,	Anderson	 L,	 Lieberman	D,	 et	 al.	 The	 distribution	 of	 im-
mune cells and macrophages in the endometrium of women with 
recurrent	 reproductive	 failure	 I:	 techniques.	 J Reprod Immunol. 
2011;91:90-102.

How to cite this article:	Kuon	R-J,	Weber	M,	Heger	J,	et	al.	
Uterine	natural	killer	cells	in	patients	with	idiopathic	recurrent	
miscarriage. Am J Reprod Immunol. 2017;78:e12721.  
https://doi.org/10.1111/aji.12721

https://doi.org/10.1111/aji.12721



