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Significance of human neutrophil antigen-2a (NB1) expression
and neutrophil number in pregnancy

Kikuyo Taniguchi, Hideaki Nagata, Takafumi Katsuki, Chiyoko Nakashima, Rie Onodera,
Asako Hiraoka, Noboru Takata, Masao Kobayashi, and Masayuki Kambe

BACKGROUND: Expression of human neutrophil
antigen-2a (HNA-2a) is greater in women than in men.
The size of the HNA-2a-positive neutrophil population
increases with pregnancy.

STUDY DESIGN AND METHODS: The relationship
between HNA-2a expression on neutrophils and
monocytes, and thelr relative numbers, was investigated.
HNA-2a expression shown as the size of the HNA-2a-
positive cell population and the flucrescence intensity
on the cells was analyzed using flow cytometry. This
investigation was done among 165 pregnant women
during pregnancy and postparturn,

RESULTS: In norma! pregnancy, numbers of neutrophils
and monocytes changed in relation to HNA-2a expras-
sion. HNA-2a was also expressed intensively on
monocytes from some pregnant womer: in the first and
second trimesters. HNA-2a expression and the number
of cells markedly decreased postpartum. in threatened
premature laber, the number of neutrophils decreased
earlier than in normal pregnancy.

CONCLUSION: HNA-2a expression may increase soon
after fertilization. In this study, the results indicate that the
change in the number of neutrophils and monocytes is
related to HNA-2a expression.

uman neutrophil antigen-2a (HNA-2a), also

known as NB1 and CD177, is a 56- to 64-

kDa glycosyl-phosphatidylinositol-anchored

plasma membrane glycoprotein (gp).}? It is
expressed not only on the membrane but also intracel-
lularly on the membranes of vesicles and specific gran-
ules.? Antibodies to HNA-2a can cause alloimmune*’ or
autoimmune neutropenia® and TRALL*! The frequency
of the HNA-2a-positive population in the expression on
neutrophils in North Americans and Europeans is
approximately 97 percent and is 89.0 to 99.5 percent in
Japanese.''? It is thought that the proportion of neutro-
phil subpopulations remains constant in an individual
over time.” Recently, it was reported that the propor-
tion of neutrophil subpopulations changes according to
G-CSF dosage," physiologic events,' and age.'® Kissel et
al.” sequenced the gene encoding HNA-2a (NB!) and
found it to be located on chromosome 19q13.2, They
confirmed that HNA-2a (NB1) is a member of the Ly-6
gene family and is highly homologous to a gene over-
expressed in polycythemia vera neutrophils, Poly-
cythemia rubra vera-1 (PRV-1). The inferred amino acid

ABBREVIATIONS: CRP = C-reactive protein; FI = fluorescence
intensity; HNA-22 = human neutrophil antigen-2a;
gPp = glycoprotein; PRV-1 = polycythemia rubra vera-1.
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sequence of PRV-1 gp differs from the inferred amino
acid sequence of HNA-2a (NB1) gp by only four amino
acids. Bettinotti et al.'"® showed that HNA-2a (NB1) and
PRV-1 are alleles of the same gene, CDi177, and sug-
gested that this antigen is expressed by other cells in
the placenta, prostate, colon, testes, and meningioma.

It has been reported that the mean size of the HNA-
2a-positive neutrophil population in women is greater
than in men.'*'® Stroncek et al.'"® revealed that HNA-2a-
positive neutrophils were less adherent to human umbil-
ical vein endthelial cells than HNA-2a-negative cells.
Recently, Caruccio et al.' showed that HNA-2a expression
was greater in pregnant women than in nonpregnant
wormen. It is well known that the number of neutrophils
increases in pregnancy and that a large number of neutro-
phils may frequently adhere to human umbilical vein
endothelial cells via some neutrophil-activating factors,
possibly causing thrombocytosis or preeclampsia. In this
study, we aimed to clarify the relationship between HNA-
2a expression on neutrophils and monocytes and their
relative numbers.

MATERIALS AND METHODS

Study design

Blood samples from 75 nonpregnant women and 165
pregnant women {200 tests in total at different times with
136 normal pregnancies: 19 women with threatened abor-
tion in the 4th to 10th week and 10 women with threat-
ened premature labor in the 26th to 30th week) were
compared in terms of HNA-2a expression on neutrophils
and monocytes shown by the percentage of HNA-2a-
positive cells, fluorescence intensity (FI), and number of
cells.

. Samples

Peripheral blood samples from 75 nonpregnant women
were obtained at Hiroshima College of Medical Technol-
ogy (HCMT) and Hiroshima University Hospital, with ages
ranging from 20 to 28 years old. Peripheral blood samples
were obtained from 165 pregnant women whose ages
ranged from 19 to 38 years old at Katsuki Obstetrics and
Gynecology Clinic and the HCMT graduates’ association.
Blood samples collected in tubes containing EDTA-2K
anticoagulant were tested within 4 hours to count the cell
number. The same samples were stored at 4°C and tested
within 10 hours for HNA-2a expression on WBCs. Sera for
C-reactive protein (CRP) tests were obtained from the
same donors. Samples were obtained with informed
consent.

Number of cells and CRP
The numbers of neutrophils, monocytes, and lympho-

cytes were calculated using an automated hematology
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analyzer (XE-2100, Sysmex, Kobe, Japan). CRP was tested
using 502X (A & T, Yokohama, Japan) and 1X 6000 (Eiken
Chemical, Tokyo, Japan).

Flow cytometry

We used an HNA-2a (NB1, CD177)-specific MoAb, TAG4",
conjugated with FITC (Poly Sciences, Warrington, PA), for
the staining of the HNA-2a antigen on WBCs. Peripheral
blood cells were stained using methods previously de-
scribed.’? A total of 10 pL of FITC-conjugated TAG4 (50 pug/
1 mL) was incubated with 50 pL of whole blood on ice for
30 minutes for single-color staining for granulocytes and
lymphocytes; 50 uL of whole blood was incubated with
FITC-conjugated TAG4 and PE-conjugated CD14 MoAb
(Ortho Diagnostic Systems, Raritan, NJ) for two-color
staining for monocytes. After elimination of RBCs by using
a lysis buffer {Ortho) and washing twice with PBS contain-
ing 0.1-percent BSA and 0.1-percent NaN,, analysis was
performed by flow cytometry with Cytron Absolute
(Ortho).

Statistica! analysis

The size of the HNA-2a-positive cell population, FI, and
the numbers of neutrophils and monocytes were com-
pared hetween nonpregnant women and pregnant
women, or between normal pregnant women and threat-
ened abortion/premature labor, by using the Mann-
Whitney's U-test. Data were considered significant when
a p value was below 0.05. Data represent the mean + SD.

RESULTS

The mean size of the HNA-2a-positive neutrophil popula-
tion in 75 nonpregnant women, 69.3 + 15.2 percent, was
almost the same as the data (70.2 £ 18.3 percent) previ-
ously obtained from 244 nonpregnant women.'? The
mean size of the HNA-2a-positive neutrophil population,
78.2 £ 17.1 percent, in normal pregnant women was
greater than in nonpregnant women (p < 0.001). HNA-2a
expression on neutrophils showed by MFI in nonpregnant
women was 103.3 + 35.9 (log scale). MFI in normal preg-
nant women, 216.4 + 68.7 (log scale), was also greater than
in nonpregnant women (p < 0.001). There was no singnif-
icant difference in HNA-2a expression among the three
trimesters. HNA-2a expression remained high during
pregnancy (Table 1).

HNA-2a expression on monocytes was negative in
nonpregnant women, but positive in many pregnant
women. The mean size of the HNA-2a-positive monocyte
population was 6.9 + 13.2 percent (0.0-77.6%) in normal
pregnant women {10-19% weak-positive in 16 women
mainly in the first and second trimesters, 20-49% positive
in 6 women mainly in the first and second trimesters, and
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TABLE 1. HNA-2a expression on neutrophils and cell numbers In nonpregnant and normal pregnant women
HNA-2a expression Cell numbers (10%ut)

(mean + SD} {mean + SD)
Number %”* Fl Neutrophils Monocytes
Nonpragnant women 75 t-69.3 ¢ 152% $-1033+ 35.9] t 1-3.8311.30~ ¢ 1031 £0.234 ¢
Normal pregnant women (total) 200 §1-78.21 171 312164 £ 63.7. $16.25 1 1.80. k4 411013
First trimester (5-20 wk) 103 tH76.51 1691 {12208+ 83701 ¢ 961 1.74— ¢ 1 39+ 0.13~§
Second trimester (21-30 wk) 80 79.2+ 184+ 210.0 £t 61.34 ¢ 6.87 + 1.76 ¢ 048 £ 0.32}r
Third trimester {31-40 wk} 37 1.0+ 15.6 191.9 1 45.4. 16 1 1,84 47 £ 0,13
Postpartum (4-8 wk) 21 73.3 1141 140.0 + 439 3391089 0.27 £ 0.07
* Size of HNA-2a-positive neutrophil population.
t NS.
$ p<0.001.
& p <005
1 p<001.

TABLE 2. HNA-2a expression on neutrophils and cell numbers In normal and abnormal pregnant women

HNA-2a expression Cell numbers
(mean + SD) {mean £ SD)
Number %t Fl Neutrophils Monocytes
Normal pregnancy (4-10 wk) 27 76.7 t 16.33? 2223 ¢ 93.3]1‘ 509+ 1.46] t 038t 0.11]1‘
Threatened abortion {4-10 wk) 19 80.7 + 128 21152614 474+ 1.72 0.351+0.13
Normal pregnancy (26-30 wk) 53 800t 17.4:11 2114 £ 626 6.80 £ 1.78 042+ 0.13] t
Threatened premature labor (26-30 wk} 10 854 +6.3 2337 £57.0 474 £ 1.72 0.35+£0.13
* Size of HNA-2a-positive neutrophil population.
1t NS.
1 p < 0.005.

more than 50% positive in 4 women in the first trimester).
One woman in the first trimester had 77.6 percent HNA-
2a-positive monocytes (Fig. 1). The mean size of the HNA-
2a-positive neutrophil population and MFI markedly
decreased postpartum compared to that in normal preg-
nancy (p <0.05 and p < 0.001, respectively); however, MFI
was still high compared to that in nonpregnant women (p
< 0.001) (Table 1). HNA-2a expression on lymphocytes in
nonpregnant women and pregnant women was always
negative,

The number of neutrophils, 6.25 + 1.80 (x10%/uL), in
normal pregnant women was greater than the 3.83 £ 1.30
(x1¢*/puL) in nonpregnant women (p < 0.001). The num-
ber of neutrophils was lower in the first trimester than in
second trimester (p < 0.001). There was no significant
difference in the number of neutrophils between the
second and third trimester or between first and third tri-
mester. The number of monocytes, 0.41 * 0.13 (x10*/uL),
in normal pregnant women was greater than the 0.31 £
0.23 {x10*/uL) in nonpregnant women {p < 0.001). The
number of monocytes was lower in the first trimester
than in second trimester (p < 0.05) and third trimester (p
< 0.01). There was no significant difference in the num-
ber of monocytes between the second and third trimes-
ter. Numbers of neutrophils and monocytes markedly
decreased postpartum (p < 0.001 and p < 0.001, respec-

tively) to the same level as that in nonpregnant women
{Table 1).

CRP was always negative both in nonpregnant
women and pregnant women.

Threatened abortion and threatened
premature labor

In threatened abortion, there was no significant difference
in HNA-2a expression or number of neutrophils and
monocytes compared to those in normal pregnancy. On
the other hand, the number of neutrophils was lower in
threatened premature labor than in normal pregnancy
{p < 0.005), although there was no significant difference in
HNA-2a expression in threatened premature labor com-
pared to that in normal pregnancy (Table 2).

DISCUSSION

In this study, HNA-2a expression and the number of neu-
trophils and monocytes appeared to be related. The
increase in HNA-2a expression indicates that HNA-2a
antigens are overexpressed on cell membranes in preg-
nancy. HNA-2a expression may increase soon after fertil-
ization because HNA-2a expression was already intense in
the first trimester. HNA-2a antigens on neutrophils were
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Fig. 1. HNA-2a expression en monocytes. Comparison of a non-
pregnant woman whose size of HNA-2a-positive neutrephil
population was 93 percent and a pregnant woman whose size
of HNA-2a-positive neutrophil population was 96 percent.

(A) Triggered area (T) containing monocytes (CD14+ cells).

(B) Monocytes (CD14+ cells) were TAG4- in a nonpregnant
woman and 77.6 percent TAG4+ in a pregnant woman.

(C) Monocytes (CD14+ cells) were negative with a mouse igGl-
FITCisotype control. (D) Cells in a triggered area were negative
with a mouse igG1-FITC isotype control and a mouse igG1-PE
isotype control.

expressed intensively during pregnancy. Furthermore,
HNA-2a antigens were also expressed intensively on
monocytes from some pregnant women in the first and
second trimesters. Increased HNA-2a expression in preg-
nancy decreased postpartum, therefore postpartum FI
was more intense compared to FI in nonpregnant women.
These results suggest that the physiclogic condition post-
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partum in the 4th to 8th weeks is still different from that
in nonpregnant women.

The number of neutrophils and monocytes began to
increase in the first trimester and was maintained up to
labor. It is well known that the number of neutrophils
increases in pregnancy. It has been thought that neutro-
phils may increase due to growth factors from decidual
cells.’®® Increases and decreases in HNA-2a expression
are related to the changes in the cell numbers. These facts
indicate that there is a relationship between HNA-2a
expression and number of neutrophils and monocytes.
The number of cells is thought to increase via prolifera-
tion, not by inflammation, because CRP was negative in
normal pregnancy. It is possible that HNA-2a expression
influences proliferation of neutrophils and monocytes.
The numbers of neutrophils and monocytes decreased
postpartum to the same level as that in nonpregnant
women. In threatened premature labor, the number of
neutrophils decreased earlier than in normal pregnancy.
Some physiologic events that threatened premature labor
may lead to a decrease in neutrophil numbers. In threat-
ened abortion, there was no significant difference in
HNA-2a expression or the numbers of neutrophils and
maonocytes. It is thought that physiologic mechanisms in
threatened abortion are different from mechanisms in
threatened premature labor, and that there may be no
relationship between HNA-2a expression and the mecha-
nism of threatened abortion. It is suggested that HNA-2a
antigens are expressed on monocytes in some diseases
with an increase in monocyte number. Count of neutro-
phil number during pregnancy may be useful for monitor-
ing of normal pregnancy.

It has been reported that neutrophils undergo a phe-
notypical or metabolic change in pregnancy. Stroncek et
al revealed that HNA-2a-positive neutrophils were less
adherent to human umbilical vein endothelial cells than
HNA-2a-negative cells if there was no neutrophil-activat-
ing factor. Although HNA-2a-positive cells increased, and
the expression also became more intense on cell mem-
branes in pregnancy, there seems to be no immediate
problem due to the increase in these cells. However, when
some neutrophil-activating factors occur after physiologic
changes or infections, adherence of many activated neu-
trophils to the vein endothelium may cause pregnancy
toxemia.

It is now necessary to clarify the mechanisms by
which HNA-2a expression influences the number of neu-
trophils and monocytes and expresses HNA-2a antigens
on mﬂnocytes.
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FJUIEIHT - Wi (EBEOTILD 7—%)

AT RGO 2.000 841 N RJOF -3V RS (ZF2 I 77—

100mL 1 #R

BREGAC) —AVTFoF | EBAME ImLE | AUF—hP (PAYT12)

Ne— SRR S0 |

HEREAREEENHTF 250, 500, 1.000 SOXTA M (BFR) D772 F ((EMA=R) 3

&1 JATA h=HT (ZBDTILT7—2)

BCTRSALORRDR I—UZA R FS (A TIL) UDRA R UO25-)

BRAMAEESKETEALE | 200, 400, 500 PPSB—HT [=Fv7) (BARE-RE) JOIUv o

&1 2ST (UHR5—)

BERSAMEASEXET | 500. 1.000 &6 %%5vyym(z§o:w77—v)/uarwummm=

EMETONOVEVEAK | 500 81 A= ILwoR (TAT—)

BRAMRREETAGEE | 500, 1.000FU TP AL ] UNORT~)

MRS

BETERLEENNAEE | 1.2 48mg AR METY (1)

BT

SRMEAERETIOT (> C | 2,500 &ifg AT F O R C (LmF—mA)
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F EIZHBYV (hepatitis B virus), HCV (hepatitis
C virus), HIV (human immunocdeficiency vi-
rus) DIEHUIBAE L { ol ELILRIEF
HIAFHAE (Vo2 b)) MALATHRSR
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®2. HERTOEEARCHITIEEE LN

&7 SR 4C TOFHEE IEMICHELLL EHAREIRE (%)
eV 3-6H8 23 75-100mg/dL 50-70
ZorOzEY 2-58 >218 10-25% 50
BVEF 4.5-36 iy 10-148 10-30% -80
FUET 2-5 B3 >218 > 10% 100
BIET 8-12 858 7H 30-40% 60-70
BNATF 18-24 A >21d 15-40% 20
EXAT 20-42 B3RS >218 10-40% 50-95
FNATF 40-80 B33 3-4H 20-30% 80
EXIET 128 >218 < 5% 50-100
FrFROVEY 60-90 B3 > 420 80-120% 20-100

* AABB : Technical Manuat (14th Ed)2 % —£304ZE.

IEf S B2 LN E DI PIIEVEEIRT
PEEITh TS, H 6t Hnmozoik
mAE#gEEF LN 5D, PTH L UaPTT
OEFERD 155U EOEREOIFTH Y, ZH
BT 8% & 2 \WIIFFPHEOMIE L ShTw
52,
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ZRNTFORZIZE L L) HIMAFEEL Ty
LHBFEOILMELRET S I EHMNFFPO F
HEMTHDL., Lh@ethifismpiy o
YEF Y MPIKFAFETEDNLE, FFPEUA
FTRETIEA, BB LNNEVIEE T
BTN LRI ESEATHILY, Bid
HMEHOHEOHMIZHEA LTI 262w (&
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1) E2E L KREEETNT 7 1) 2

Y7 I YKIRTAEO - A BIITERSIL HVIL
BIX, BXAT EEEMHOBENETLTO7 4
YCHBITaFA »Shhi. ¥ I VKRE
JERT N7 7 ) YARESIC Lo THENREE
EHEFREZVRET S, FOEIRAEMBATT
REARE, HAYWHRORMMEN, MHEEE,
BRI A FUERBECII Y ¥ 3 YKRZIENRAE
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¥ ¥ 3 YKUFHEEBRRT O TR L PR
HwWoR$fIVIEFThS. -T, €4 3 VK
KHVEIZaPTT E D HPTOIE S Mzl
2%.¥% I YKRZDOEHRIE, KHEB~OH
WrEy I KOENTHL. FFROBENIER
ThIUuIBRERETIX 12 B UMICEET 5. FFP
OEEIIE MM 2 SRR EL TS & &,
HLVIIRBICEBBH AT E T SEIZIT.
10~20mL/kg® FFP & 8iik § Ik mic 4 8 4
Ao bR EEONS. SO E S
HEESUPIXAFRANIGDTH S (REHER
4.

2) FFR&ER

TEFRE TN mEE - T HEEOER
AHDH. MIRETEEC L SWREGEBOLET
M ASRAHA L, IR CREA: A FVIITE L
HNOELTORRAARTFORTAEALNDL, 747
V=5 OHEMRE, 74 7Y »RFDP (fi-
brin degradation product) @ 1) 73 » A D
T, RIGROTE, BERSI ey —-DEE
8T &b 5. FTHEVIIE T IR AE W
LOHPTOEREE LTI OGNS, fE- TFFP
EEIC L > TR ONAPTOMH D 4 BN L2kt
i,

THEAFSREOEA THMAREZ > TWBH,
BRI L 5L DL EIAFFPOBIEZRDE

BEmifRtl B3k E7 8- THi6E 7 B10A



