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BACKGROUND: Increased expression of Killer cell inhibitory receptors (KIRs) has been found
on natural killer (NK) cells in peritoneal fluid in women with endometriosis. In this study, we
tried to measure the expression of KIRs on NK and T cells in women with adenomyosis, in an
attempt to find the possible role of KIRs in the development of adenomyosis.

METHODS: A total of 10 women with adenomyosis (study group) and 12 women with uterine
myoma (control group) were included in this study. The expression of KIRs, including NKB1,
GL183, EB6, and CD94, on NK and T cells in myometrium and endometrium were examined by
flow cytometry.

RESULTS: There was a decreased expression of NKB1 and GL183 on NK cells in the
endometrium, but not in the myometrium, in women with adenomyosis. However, the expression
of KIRs on T cells, either CD4" or CD8", was not different in both myometrium and
endometrium between women with and without adenomyosis.

CONCLUSIONS: The expression of KIRs on NK cells was decreased in eutopic endometrium
in women with adenomyosis. It may be a compensatory effect in which the NK cytotoxicity is
activated in order to wipe out the abnormal endometrial cells that might go out of the eutopic site
of endometrium.



P

N ‘““\\: \\\?{r

=

LN F
LAY
PR
I
xBTS
%¢§%
2k pT
&I‘"“‘

!
",
la)

0 N U W Rk R R



Natural Killer (NK) cells are known to
kill virally infected or tumor cells while
sparing normal self cells (Trinchieri, 1989;
Moretta et al., 1994). This ability was found
to depend on the interaction between Killer
cell inhibitory receptors (KIRs) expressed on
NK cells and major histocompatibility
complex (MHC) molecules expressed on
normal cells, which leads to the inhibition of
NK cell function (Lanier and Phillips, 1996;
Gumperz et al., 1996; Rouas-Freiss et al.,
1997). On the contrary, failure to express
MHC molecules may render tumor or
virus-infected cells susceptible to
NK-mediated lysis (Ljunggren and Karre,
1990; Moretta et al., 1996; Moretta et al.,

1992).
The decreased NK cell activity in
peripheral blood and peritoneal fluid of

women with endometriosis has been well
established in recent years (Oosterlynck et al.,
1991; Ho et al., 1995). It is thought to
promote implantation of the endometrium as a
tissue graft (Lefkowitz et al., 1988), and its
cause is probably due to overexpression of
KIRs. Our previous study demonstrated that
increased expression of NKB1 and EB6 was
found on NK cells in peritoneal fluid in
women with advanced stage endometriosis
(Wu et al., 2000). Another research achieved a
similar result, in which the proportion of
KIR2DL1® NK cells was increased in
peritoneal fluid and peripheral
women with endometriosis (Maeda et al.,
2002). Moreover, the endometriotic tissue
could also affect NK cells by an unknown
mechanism to impair the NK cytotoxicity. Our
previous studies demonstrated that NK

blood in

cytotoxicity in endometriosis could be
affected by either cytokines or T cells (Ho et
al.,, 1996a; Ho et al., 1997). The KIRs
expressed on T cells might also play a role in

the regulation of NK cytotoxicity.
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In contrast to that endometriosis is
characterized by ectopic endometrium in the
peritoneal cavity, adenomyosis is defined as
the presence of endometrial glands within the
myometrium. The only difference between
adenomyosis and endometriosis is the site of
ectopic endometriotic tissues, i.e. within or
outside the uterus. In this study, we tried to
measure different kinds of KIR expression on
NK and T cells in different parts of uterus, as
well as the expression of KIRs between
women with and without adenomyosis, in an
attempt to find the possible role of KIRs in the
development of adenomyosis.
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Subjects and specimens

This study consisted of 10 women who
suffered from adenomyosis (study group) and
12 women in whom uterine myoma was found
(control group). These women underwent
hysterectomy, either via abdominal or vaginal
route, at our hospital due to intolerable
symptoms. All the participating women were
at pre-menopausal status, and they were free
from recent infection and obvious clinical
immunological diseases, such as systemic
lupus erythematosus (SLE), rheumatoid
arthritis, and Hashimoto thyroiditis. The
diagnosis of adenomyosis was made by
histopathologic examination without
exception, and this study protocol was
approved by the institutional review boards at
our hospital.



Peripheral venous blood, myometrium,
and endometrium were obtained immediately
after the uterus was removed away from the
women in both groups. In study group, the
myometrium was acquired from the tissue
where there is coarsely trabeculated and
diffusely hypertrophied myometrium stippled
with foci of ectopic endometrium, while in the
control group, the myometrium was obtained
from the tissue other than uterine myoma.
This tentative grouping determined by the
naked eye was then found to be fully
consistent with the final diagnosis provided by
the pathologists. The cervical tissue was only
derived in women without adenomyosis.

The aspirated blood was collected in
glass tubes containing heparin, and was
processed within 30 minutes. Peripheral blood
mononuclear cells (PBMCs) were isolated by
layering over Ficoll-Paqgue (Amersham
Pharmacia Biotech, Uppsala, Sweden) and
centrifuged at 800 x g for 20 min. The isolated
PBMCs were washed twice with RPMI-1640

medium (Life Technologies, Inc., Grand
Island, NY, USA) to remove residual
Ficoll-Hypaque solution, and were

reconstituted to a final cell concentration of
1-2 x 10° cells/mL. The viability of PBMCs
was verified with a trypan blue exclusion test.

Myometrial, endometrial, and cervical

tissues were collected aseptically and
separately in tissue flask  containing
RPMI-1640. Contaminated blood was

removed after wash with RPMI-1640. Tissues
were cut into tiny pieces (0.5 mm®) by
surgical knife, and were suspended in 5 mL
RPMI-1640. The suspensions were grinded
and passed consecutively through different
size of mechanical sieves (sieve size 150, 300
and 400), and were therefore overlaid on
discontinuous  (100%/50%/30%)  Percoll

gradients (Sigma Chemical Co., St. Louis,
MO, USA). After centrifuging at 800 x g for
45 min, mononuclear cells were obtained from
the interface of 100% and 50% Percoll
solution, and were then reconstituted to a final
concentration of 1-2 x 10° cells/mL. The
viability of mononuclear cells was verified
with a trypan blue exclusion test.

Immunophenotypic analysis with three-color
flow cytometry

The methods have been described in
detail previously (Yang et al., 2000). In brief,
monoclonal antibodies (mAbs) conjugated
with fluorescein isothiocyanate (FITC) or
phycoerythrin (PE) were obtained (Becton
Dickinson, San Jose, CA, USA). Mononuclear
cells were incubated with mAbs at 4°C for 30
min and then were washed twice in
phosphate-buffered saline (PBS) containing
2% fetal calf serum (FCS) and 0.1% sodium
azide. These samples were fixed with 0.5%
paraformaldehyde. Immunofluorescence and
three-color flow cytometric analyses were
done using a FACScan cytofluorimeter
(Becton Dickinson) with computer interface to
software  (Hewlett-Packard Consort 32,
Becton Dickinson) for full-list mode data
storage, recovery and analysis.

The following combinations of mAbs
were used: FITC-anti-CD45/PE-anti-CD14
(LeucoGATE), FITC-anti-lgG1/PE-anti-
IgG2a  (negative  control),  FITC-anti-
CD3/PE-anti-CD19 (T cells), FITC-anti-
CD3/PE-anti-CD56 (NK cells), FITC-anti-
CD56/PE-anti-NKB1/PerCP-anti-CD3, FITC-
anti-CD56/PE-anti-GL183/PerCP-anti- CD3,
FITC-anti-CD56/PE-anti-EB6/PerCP-anti-CD
3, FITC-anti-CD56/PE-anti- CD94/PerCP-
anti-CD3, FITC-anti-CD4/PE-anti-
NKB1/PerCP-anti-CD3, FITC-anti- CD4/PE-



anti-GL183/PerCP-anti-CD3, FITC-anti-
CD4/PE-anti-EB6/PerCP-anti-CD3, FITC-
anti-CD4/PE-anti-CD94/PerCP-anti-CD3,
FITC-anti-CD8/PE-anti- NKB1/PerCP-anti-
CD3, FITC-anti-CD8/PE-anti-GL183/PerCP-
anti-CD3, FITC-anti- CD@8/PE-anti-
EB6/PerCP-anti-CD3, and FITC-anti-
CD@8/PE-anti-CD94/PerCP-anti-CD3.
Leucogate was used to measure the proportion
of lymphocytes in the sample being studied
without any scatter gates. The gate was set
around the lymphocytes (CD45'CD147) to
exclude other cells from analysis. The
Simultest  control  (mouse  FITC-anti-
IgG1/PE-anti-1gG2a) was used for
background control. The doublets, i.e. two
cells either stuck together or very close in
space, were strictly excluded from the
calculation. In each cell suspension, 10,000
events in PBMCs as well as 2,000-5,000
events in tissue mononuclear cells acquired
for gated lymphocytes were measured. The
density of surface markers was expressed as
the mean fluorescence intensity (MFI) of cells
stained with specific monoclonal antibodies of
KIRs.

Statistical analysis

All values are expressed as mean +
standard deviation (SD). As the data were not
normally distributed, the Mann-Whitney U
test for non-parametric data was used to
compare the difference between the groups. A
probability value less than 0.05 was
considered statistically significant.
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Ten women with and 12 women without
adenomyosis were recruited in this study. The
median age was 44 (range 38-49) for women
with adenomyosis and 45 (range 37-51) for

those without adenomyosis. Among them, 5
out of 10 women with adenomyosis and 6 out
of 12 women without adenomyosis were at
follicular phase, while the others were at luteal
phase. Since our previous study (Ho et al.,
1996b) revealed that the NK cell populations
and the NK cell activation markers were
similar in different phases of menstrual cycle,
the following data are analyzed no matter the
phases of menstrual cycle.

The mean numbers of total lymphocytes
per gram of tissue were 2.6 (range 0.1-6.5) x
10 in the myometrium and 1.9 (0.7-4.4) x 10°
in the endometrium in women with
adenomyosis, similar to those obtained in the
myometrium [1.8 (0.3-54) x 10°] and
endometrium [2.5 (0.1-7.5) x 10°] in women
without adenomyosis. The mean lymphocyte
number in the cervix was 1 (0.3-3.4) x 10* in
women without adenomyosis.

Among myometrium, endometrium, and
cervix in women without adenomyosis, there
was no difference in the fraction of NK and T
cells. The MFI of CD94 was significantly
higher in the subpopulations of CD56" (114.5
+99) and CD56°CD94" (175.1 + 113) cells in
the endometrium, compared with those in the
myometrium (38.5 + 29.9 and 94.2 + 48.5)
and cervix (44.6 + 33.8 and 84.8 + 38). The
MFI of GL183 in the CD56'GL183"
subpopulation in endometrium was 157.4 +
97.8, much higher than that in cervix (80.9 +
52). On the other hand, the NKB1 and EB6
were similarly expressed on NK cells among
different parts of uterus (Table ). The
difference was also not prominent in the
expression of various kinds of KIRs on CD4"
and CD8" T cells among different
compartments of the uterus (Table II).

In the comparison between women with
and  without adenomyosis, NK cell



populations were not different. The MFI of
NKB1 in the CD56" subpopulation (3.2 + 1),
as well as the percentage of CD56"'NKB1" in
CD56" cells (12.2% + 12.7%), in eutopic
endometrium in women with adenomyosis
were significantly lower than those in women
without adenomyosis (5.8 + 2.8 and 26.1% +
10.4% respectively). The MFI of GL183 in
the CD56" subpopulation (8.3 + 2) in
endometrium in women with adenomyosis
was also lower than that in women without
adenomyosis (27.4 + 23.6). On the other hand,
the KIR expression on NK cells was not
different in the myometrium and peripheral
blood between women with and without
adenomyosis (Table I11). Also, the expression
of KIRs on T cells, either CD4" or CD8", was
similar in endometrium, myometrium, and
peripheral blood between those with and
without adenomyosis (Table 1V).

The functions of uterine NK cells are not
yet well known by far. Because they are
present in abundance at the time of
implantation, they may play a role in the
implantation process and the subsequent
orderly growth and development of the
placenta (King et al., 1998). Previous results
revealed that uterine NK cells have a similar
repertoire of KIRs that are also found on NK
cells in the blood (Verma et al., 1997). These
uterine NK cell KIRs have identical structural
characteristics in the excellular domains,
transmembrane region and cytoplasmic tail as
those of peripheral blood NK cell receptors,
indicating that the two cell populations may
function in the same way. However, the
proportions of NK cells expressing a
particular KIR and the antigenic density are
not the same between peripheral blood and
uterine NK cells (Verma et al., 1997).

Although the heterogeneity in expression

of KIR between blood and uterus was found,
there has not been any report describing the
KIR expression in different parts of the uterus.
Our results revealed that there was an
increased CD94 expression on NK cells in the
endometrium than that in the myometrium and
cervix. It might imply that the NK activity is
by nature depressed in the endometrium
compared with that in the myometrium and
cervix because the increased expression of
KIR generally represented a decreased NK
activity (Wu et al., 2000). This naturally
depressed  NK  cytotoxicity in  the
endometrium might therefore be one of the
possible mechanisms that account for the
development of  endometriosis  and/or
adenomyosis in women of reproductive age.
Without doing functional studies using class |
HLA expressing target cells, however, we
cannot confirm that the increased expression
of CD94 could inevitably result in inhibition
of NK activity in this study.

We also demonstrated decreased
expression of NKB1 and GL183 on
endometrial NK cells in women with

adenomyosis compared with that in women
without adenomyosis. It may be a
compensatory effect, in which the NK
cytotoxicity is activated
adenomyosis in order to wipe out the
abnormal endometrial cells that might go out
of the eutopic site of endometrium. It also
implies that the “abnormal” endometrial cells,
rather than the impaired NK cell function,
account for the development of adenomyosis.
This various immunological expression of
KIRs in the eutopic endometrium is supported
by a previous report (Braun et al., 2002), in
which a reduction in apoptosis of endometrial
cells was found in the eutopic endometrium in
women with endometriosis due to reduced

in women with



macrophage trafficking into the eutopic
endometrium. However, GL183 recognizes
both inhibitory and activatory forms of KIRs,
which could result in either inhibition or
activation of the NK-mediated cytolytic
activity (Moretta et al., 1995). Since Western
blotting and reverse transcription polymerase
chain reaction (RT-PCR) were not done in this
study, the possibility remains that inhibitory as
well as activatory forms of GL183 may both
be decreased. Similarly, an alternative
explanation for the decreased NK cytotoxicity
seen in endometriosis is that there may be
decreased expression of activatory receptors
rather than increased inhibitory KIR
expression. As K562 target cells generally
lack class I MHC expression (Rouas-Freiss et
al., 1997), any changes in levels of inhibitory
or activatory KIRs should not necessarily
affect NK cytotoxicity once K562 were
employed as the target cells.

Our results did not reveal different KIR
expression on the myometrial NK cells
between women with and  without
adenomyosis. It is unlike the finding that has
been achieved in endometriosis, in which
there was an increased KIR expression on the
peritoneal NK cells in women with
endometriosis (Wu et al., 2000; Maeda et al.,
2002). As a result, the local immunological
appearance in response to the ectopic
endometrium might be different between
adenomyosis and endometriosis.

Unlike the different expression of KIRs
on NK cells, we demonstrated that KIRs were
similarly expressed on both CD4" and CD8" T
cells among various uterine tissues and
between women with and  without
adenomyosis (Table Il and V). Agreeing with
previous reports (Moretta et al., 1996; Mingari
et al., 1996), we also found that KIRs were

more frequently expressed on CD8" T cells
than on CD4" T cells. One reasonable
explanation for the advantage of this event is
that the CD8" T cells have NK-like activity,
and would thus be deleterious to normal cells
if they did not express KIRs. Their defective
expression could be involved in autoimmune
diseases caused by autoreactive cytotoxic T
cells (Mingari et al., 1998).

We demonstrated a decreased expression
of KIRs on NK cells in eutopic endometrium
in women with adenomyosis compared with
that in women without adenomyosis. It might
be a compensatory effect in which the NK
cytotoxicity is activated in order to wipe out
the abnormal endometrial cells that might go
out of the eutopic site of endometrium.
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Table I. KIR expression on NK cells in different portions of uterus from women with uterine myoma (n =

12). The myometrium was obtained from the tissue other than uterine myoma in these women.

Myometrium Endometrium Cervix
NK cells (%) 22.9 + 16.6° 11.6+9.9 19.3+16.7
NKB1 MFI of CD56" cells” 5.8+2.8 58+2.8 8.6+ 115
% CD56*'NKB1" cells*® 228+12.1 26.1+10.4 29.3+20.9
MFI of CD56"NKB1" cells" 73.3+37.8 71.1+44.2 55.5 + 40.8
GL183 MFI of CD56" cells 15.2+9.3 27.4+23.6 21.7+21.9
% CD56*GL183" cells 455+ 18 46.3+21.1 52.9 +17.7
MFI of CD56*GL183" cells 100.8 + 57.1 157.4 + 97.8° 80.9 + 52°
EB6 MFI of CD56" cells 6.3+3.7 5.2+3.2 79445
% CD56'EB6" cells 31.2+24 27 £19.7 33+18.4
MFI of CD56'EB6" cells 26.5+8.1 36.2 +26.1 28+75
CD94 MFI of CD56" cells 38.5+29.9° 114.5 + 99" 44.6 + 33.8°
% CD56'CD94" cells 67.5+17.1 67.7 £ 23.6 73.7+16
MFI of CD56"CD94" cells 94.2 + 485" 175.1 + 113" 84.8 + 38'

KIR = killer cell inhibitory receptor, NK = natural Killer cell, MFI = mean fluorescence intensity

®Values are mean + standard deviation

® Calculated as the mean fluorescence intensity of NKB1 on CD56" cells
¢ Calculated as the percentage of CD56'NKB1" in CD56" cells
¢ Calculated as the mean fluorescence intensity of NKB1 on CD56"NKB1" cells
&f9.nip < 0,05 by Mann-Whitney U test

Table I1. Mean fluorescence intensity of KIRs on T cells in different portions of uterus (n = 12).

Myometrium Endometrium Cervix
T cells (%) 28.9 +21.9% 31.3+24.1 223+ 174
CD4*NKB1*® 24+0.8 2.1+0.7 26+1.4
CD4'GL183" 26+0.7 25+0.8 41+38
CD4'EB6" 29+0.9 24+1 36+19
CD4'CD94" 26+0.7 29+1.9 3.6+37
CD8'NKB1" 29+25 2+0.6 29+21
CD8"'GL183" 3.1+12 45+59 3.3+2
CD8'EB6" 4+38 2.4+0.9 35+1.3
CD8'CD94" 8.7+5.9 6.3+3.2 8.6+3.8

KIR = Killer cell inhibitory receptor
Values are mean + standard deviation
® Calculated as the mean fluorescence intensity of NKB1 on CD4" T cells
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Table I11. KIR expression on NK cells in women with and without adenomyosis

Adenomyosis (n=10) Control (n=12)
Blood Myometrium  Endometrium Blood Myometrium  Endometrium
NK cells (%) 235+10.3° 20.2+13.3 12.3+£9.2 26.4+10.2 229+ 16.6 11.6+£9.9
NKB1 MFI of CD56" cells 11+12.6 57+6.4 3.2+1° 9.1+9.2 58128 58+28°
% CD56"NKBL" cells® 223+23.1 194+218  122+127° 2871188 228+121  26.1+10.4"

MFI of CD56"NKB1* cells* 2146+139.6  63.7£50.6 41.6+16.6° 207.8+116.7 73.3+37.8 711+44.2°

GL183 MFI of CD56" cells 22+19.6 16.4+14.8 83+2" 34.8+£33.5 152+93 27.4+236"
% CD56°GL183" cells 39.1+245 42+22.4 32.7+14.9 57.1+£179 455+18 46.3+21.1
MFI of CD56"GL 183" cells 165 + 69.6 84.7+39 117.2+55.2 201.4+72.6 100.8 £57.1 157.4+£97.8

EB6 MFI1 of CD56" cells 79£76 6.8+2.3 46+14 43+22 6.3+3.7 52+32
% CD56"EB6" cells 25.6 £20.3 31.7+14.8 195+145 178+11.2 312124 27+19.7
MFI of CD56'EB6" cells 75.7+£29.7 26.9£6.5 243+6.4 57.5+31.4 26.5£8.1 36.2+26.1

CD9%4 MFI of CD56" cells 70.2+45.2 451+253 102.3+£79.4 76.8 £30.5 38.5+£29.9 114.5+99
% CD56°CD94" cells 82.8+10 73.9+15.7 79.7+£16.7 87.2+6.1 67.5+17.1 67.7 +23.6
MFI of CD56°CD94" cells 110.2 + 58.6 110.5+48.3 226 +114.8 115+40.8 94.2 +£48.5 1751+ 113

KIR = killer cell inhibitory receptor, NK = natural killer cell, MFI = mean fluorescence intensity
#Values are mean = standard deviation

® Calculated as the mean fluorescence intensity of NKB1 on CD56" cells

¢ Calculated as the percentage of CD56"NKB1" in CD56" cells

¢ Calculated as the mean fluorescence intensity of NKB1 on CD56"NKB1* cells

& 1.9 p < 0.05 by Mann-Whitney U test

" P < 0.005 by Mann-Whitney U test

Table IV. Mean fluorescence intensity of KIR expressed on CD4" and CD8" T lymphocytes in
women with and without adenomyosis

Adenomyosis (n=10) Control (n=12)

Blood Myometrium Endometrium Blood Myometrium Endometrium
T cells (%) 59.9+9.9% 19.3+14.1 47.4+£18 56.5+10.8 289+219 31.3+24.1
CD4*NKB1*? 1.7+£04 21+04 22%06 16+£04 24+08 21+0.7
CD4*GL183" 2+04 25+04 3£09 1.7+£04 26x0.7 25%0.8
CD4'EB6" 2+04 29+0.6 29+1 1.7+£03 29+£09 24+1
CD4*CD94" 18+£04 2613 2507 1.7+£05 26x0.7 29+19
CD8'NKB1* 19+£0.6 22+08 25+14 18+£04 29+25 2106
CD8*GL183" 25%0.6 29+0.8 29+0.7 21+0.6 31+12 45159
CDS'EB6" 21+0.6 32114 26x0.8 18+£04 4+38 24+09
CD8*CD94* 5+33 83+3.8 54+28 4+21 8.7+59 6.3+3.2




KIR = Kkiller cell inhibitory receptor
#Values are mean + standard deviation
® Calculated as the mean fluorescence intensity of NKB1 on CD4" T cells

10



