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Etiologies of Recurrent Abortion
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Maternal Immune Reaction In
Normal and Abnormal Pregnancy
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Adoptive transfer of whole lymphocytes

C57BL/6 male BALB/c female
Whole k‘
lymphocytes
@f@’\
BALB/c nu/nu female C57BL/6 male

Breeding efficiency
of nude mice: 50%

60% of mice became pregnant

Aluvihare VR et al., Nat Immunol 2004.5.266-2/1



Adoptive transfer of CD4+CD25- cells

C57BL/6 male BALB/c female
lymphocytes depleted k‘
of CD25+ cells
@f@’\
BALB/c nu/nu female C57BL/6 male
All fetuses were
aborted

Aluvihare VR et al., Nat Immunol 2004.5.266-2/1



Immunologic Laboratory for
Alloimmunity
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Immunomorphology and
NK Level and Cytotoxicity



Innate Immunity

Components

Principal Functions

Barriers

Epithelial layers

Prevent microbial entry

Defensins Microbial killing
Intraepithelial Microbial killing
lymphocytes

Circulating

Effector Cells

Neutrophils Early phagocytosis and killing of mi-

- crobes

Macrophages Efficient phagocytosis and killing of mi-
crobes, secretion of cytokines that
stimulate inflammation

NK cells Lysis of infected cells, activation of

macrophages

Circulating
Effector Proteins

Complement

Mannose-binding
lectin {collectin)

C-reactive protein
(pentraxin)

Coagulation factors

Killing of microbes, opsonization of mi-
crobes, activation of leukocytes

Opsonization of microbes, activation of
complement (lectin pathway)

Opsonization of microbes, activation of
complement

Walling off of infected tissues

IFN-~y production by NK cells and T

Cytokines
TNF, IL-1, Inflammation

chemokines
IFN-&, -B . Resistance to viral infection
INF-y* Macrophage activation
IL-12

cells

IL-15 Proliferation of NK cells
IL-10, TGF-B Control of inflammation

*IFN-vy is also produced during adaptive immune responses and
is discussed in Chapter 11 as a cytokine of adaptive immu-

nity.

Abbreviations: |FN-e, interferon-c; I1L-1, interleukin-1; NK, natural
killer; TGF-B, transforming growth factor-B, TNF, tumor ne-

crosis factor.




Components of Innate Immunity

Ph tes < E
L E ey Microbes, ‘@ Phagocytosis
P and killing of
el icrobes
Phagocyte i
B
Lysis of
infected cell

Virus-infected cell

(?3) Cytokines Neutrophil
: g‘% Inflammation

Microbes

with LPS LPS cD14 Cytokines

Macrophage
activation,
enhanced

microbial Killing

@Complemeni @@ [ Lysis of microbes |

& .o Inflammation
® =]
it Complement Phagocytosis of
proteins complement-coated
microbes




Activating and Inhibiting Receptors

of NK cells

®
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Effector Functions of NK cells

® Targets
" Virus Iinfected cells and tumor cells

®" Two main functions
= Cytolysis
Secretion of perforin, granzymes, and granuloysin

= Activation of macrophage by IFN-y
To Increase phagocytosis



PB-NK

¥ 10-15% of lymphocytes in PB
" Phenotypes

= CD569mMCD16%, ~90%

" CD56PM9MCD16, ~10%

= CD56: homotypic adhesion
" CD16: low affinity Fcy receptor



CD56 as a Prognostic factor

Human Reproduction vol.15 noS pp. ] 163-1 169, 2000

Peripheral natural Killer cytotoxicity and
CDS6P”CD16P cells increase during early pregnancy in
women with a history of recurrent spontaneous abortion

Table III. Betrospective analysis of putative risk factors for subsequent miscamiage within mcument
spontaneous abortion (RSAT women

Parameter Threshaold Successful Miscarriage® F value
value pregnancy”
Lytic units =322 4 (3} EREY
=322 127 3N M5
% CDS6FSCDE™E < 12.0 B(5) 0
=12.0 74 T (5) =0.01 (0.05 to <0110
%o CDAAFFCD 6P CDA™E <2007 1208 T 6]
=20.7 412y 211 ME
T CDS6FSCD | GMR T E0EE <4.0 14 (&) 5103
=4.0 I (1) 2% M5
T CDA6PCD 163 AC D Sar <008 513 20l
CDvl apos =0.08 10 (&) 505 M5

MN% = not significant.

Mumber of RSA women with successful pregnancy or subsequent miscarriage after dichitomizing using the
specific threshold values, Values in parentheses ame the numbers of RSA women with three or more
subsequent miscarnages.



Threshold of NK number

"12%
" Coulam et al,, 1995, AJRI
" Beer et al., 1996, AJRI

Elevated peripheral blood CD56+ cells
(NK <12%) 3% / in non—pregnant RSA women

ranges




Immunophenotype in RSA and
Implantation Failure

" Higher CD56" level in nonpregnant RSA women

" Higher CD19*, CD56%, and CD56*CD16* levels
In pregnant RSA women

" Higher CD19*CD5* cells in women with autoAb+
to nuclear component

" Higher CD56", and CD56*CD16* in women with
APA+

" Higher CD56" cells in IF patients
" CD56* > 18%: all women aborted

Beer et al., AJRI, 1996,35:3/6



NK Levels and OB Outcomes in Pregnant
RSA Women with LIT

% 20 -

10 -

Delivered Miscarried Pregnant  Elective
Control Abortion

Women with RSA Controls
*P<0.05

AJRI 1996,35:3/76-382



The immunophenotype of patients with recurrent pregnancy loss

Domta Darmochwal-Kolare™, Bozena |..l'_"-i.-'-:.-'_'5-'T|.'-i|-i_'l-'|::i-i'lTr'l'_'|1|'i.!I.
Jacek Rolinski®, Jan Oleszezuk”

RSA (n=14) Control (n=18) | P value

Median (%) Median (%)
CD3+ 77.6 68.45 NS
CD4+ 48.5 43.0 <0.05
CD8+ 23.5 26.2 NS
CD4:CD8 2.2 1.42 <0.05
CD3-CD16/CD56+ 14.35 9.9 <0.05
CD19+ 8.5 14.45 <0.005
CD19CD5+ 2.0 0.9 <0.05

Eur J Obstet Gynecol Reprod Biol 20027103553




Immunophenotype in Normal Healthy Women with
Hx of Successful Pregnancies

Normal healthy
Control, n=18 (%)
CD3+ 51-79
CD4+ 30-52
CD8+ 16-40
CD3-CD16/CD56+ 3-12
CD19+ 5-17
CD19CD5+ 0-1.5

Eur J Obstet Gynecol Reprod Biol 200271053553



K562 cells

" The K562 cell line derived from a CML
patient in blast crisis
" Target cells for NK cells

" No expression of MHC class | molecules

" No inhibition of NK activity by MHC class I-
KIR Interaction. g -



NK Cytotoxicity

Preconceptional natural-killer-cell activity
as a predictor of miscarriage

Koji Aoki, Sholi Kajiura, Yulin Matsumato,
Mayumi Ogasawars, Sefsuo Ohada, Yoshiskl Yagam,
Norbert Gleicher

There & o immunoipgical test for the pospactive
ideritification of alloimmure causes of miscarfiage. We
irvestigated whathsar activity of nafural killer cells was
predictive of subseguant abortion in woman wha had hed
unedplaired requrrent abartions ard had received o
treatment. 24 women with |'Ii_E_|"I preconcaptional MK
activity, dedined as mean pliss 1 50 of NE activity of 47
contrals, had & sgnificantly higher aboartion rate in the
nExt pragnancy than 44 women with rormal lavels of BE
activity (71 ws 208, relative rigk 3-6; 95% Cl 1-B=6-5], The
praconcepticnal evalisation of MK activity in woren with
recurrent miscarriages may thus be prediative of the risk of
prapnancy loss at he et concaption,
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Measurement of NK activity

® Chromium-51 release cytotoxicity assay
" 3.7x10% Bg °!Cr-labelled K562 cells
= 2x105 PBMCs

" Calculation: ([test cpm-spontaneous cpm]/[max. cpm-
spontaneous cpm])x100

" Aoki et al., Lancet, 1995

" Flow cytometric assay
" 1x10%4 K562 cells
" 5x105, 2.5x10°, or 1.25x10° PBMCs

" Calculation: % dead K562 cells-% spontaneous K562
cell death

® Gilman-Sachs et al., AJRI, 1999
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Natural Killer (NK) Cell Subsets and NK Cell
Cytotoxicity in Women with Histories of
Recurrent Spontaneous Abortions

ALICE GILMAN-SACHS, BRIAN K. DUCHATEAU, CHERYL ] ASLAKSON. GHISLAINE P. WOHLGEMUTH.,
JOANNE Y, Kwak, ALAN E. BEER, AND KENNETH D. BEAMAN

TABLE |. Summary of Data Obtained from the Flow Cytometric NK Cell Cytotoxicity Assay®

- e

Range Mean sD

High Low High Low High Low

Responder® Responder® Responder® Responder® Responder® Responder®
Cytotoxicity at E:T ratio of 50:1  20.1-38.3 5.8-19.9 26.3 13.7 4.7 3.9
Cytotoxicity at E:T ratio of 251 15.0-27.0 3.1-14.8 19.7 9.1 3.2 2.9

e m—— S—

S stoadard deviarion.

# Values lsted are percemages of cptotoxicity detected wusing the fow cyromerric NK cell cytoroxicity assav.

b A an E:T ratie of 50:1, a high responder was defined as an individual with a eyrotoxicity of 200 or greater, A low responder was defined as
an inaividual with o cyroroxiciny less that 200 Av an E:T rario of 2520, a high responder was defined as an individual with a cytoroxicicy of
15% or greater. A low responder was defined as an individual with a cytotoxicity less than 15%.



Cytokine Assay



Cytokines in Host Defense
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Thl and Th2 subsets of CD4* T cells

Tyl Subset

Property Tu2 Subset




Human Beprodocson Vel 15, Nod pp TEF-TTE, 00 L B0 DO s pvheg 1 04

Increased T helper 1 cytokine responses by circulating T
cells are present in women with recurrent pregnancy losses

and in infertile women with multiple implantation failures
after IVF

LY. H.Kwak-Kim'??, H.5.Chung-Bang', H.(.‘.N%z, E.INtrivalas®, C.P.Mangubat',
K.D.Beaman®, A.EBeer'? and A.Gilman-Sachs
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Th1/Th2 Ratios in CD3+CD4+ Cells of
Women with Multiple IVF Failures

**

80
M| Controls
70 - m |VF failure with SAB
60 - 11 IVF failures without SAB
50 -
40 -
*

30 -
20 - ‘
10 -

. |

P<0.05 IFN-g/IL-4 IFN-g/IL-10 TNF-a/lL-4 TNF-a/lL-10

**P<0.005

Human Reprod 2005318767
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Evidence of a Ty, 1 type response
associated with recurrent miscarriage
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T-Helper 1-Type Immunity
to Trophoblast in Women

With Recurrent Spontaneous Abortion

Jaseph A, Hill, MD; Katalin Polgar, PhD; Deborah J. Anderson, PhD
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Analysis of Immunologic Tests



IMK-Lymphocyte Assay

Collecting blood 1ml into heparin tube.

N2

First staining Whole blood samples

A. BD Leucogate (CD45-FITC / CD14-PE)
B. Isotype Control (IgG1-FITC / IgG2a—PE)
C. CD3-FITC / CD19-PE

D. CD3-FITC / CD4-PE

E. CD3-FITC / CD8-PE

F. CD3-FITC / CD16+CD56-PE

N2

RBC lysis by lysing solution.

N2

The stained samples were evaluated on flow cytometer.

a. T (CD3+) lymphocytes

b. B (CD19 +) lymphocytes

c. helper/inducer T (CD3+CD4) lymphocytes

d. suppressor/cytotoxic T (CD3+CD8+) lymphocytes

e. natural killer (NK) (CD3-CD16+and/or CD56+) lymphocytes

f. helper/suppressor T-lymphocyte ratio
(CD3+CD4+/CD3+CD8+)
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Immunomorphology Assay

Gate Statistics

File: IMK070803-J.001
Sample 1D- JY Kim

Tube: Leucogate

Acquisition Date: 03-Sep-07
Gated Events: 10000

X Parameter: FSC-H (Linear)

Gate Events % Gated % Total

G1 2966 2966 2966

Log Data Units: Linear Values
Patient ID

Panel: IMK Lymph

Gate: No Gate

Total Events: 10000

Y Parameter: SSC-H (Linear)

Quadrant Statistics

File: IMK070903-J.002

Sample ID: JY Kim

Tube: Mouse IgG1/Mouse IgG2a
Acquisition Date: 03-Sep-07
Gated Events: 2051

Quad Location: 18, 26

Quad Events % Gated % Total

Log Data Units: Linear Values
Patient ID

Panel: IMK Lymph

Gats: G1

Total Events: 10000

X Mean Y Mean

UL 3 0.10 0.03
UR 1 003 001
LL 2047 99.86 2047
LR 0 0.00 0.00

496 3837
137.00 9139.82
349 3.70

arE xrx

Quadrant Statistics

File: IMK070903-J.003
Sample ID: JY Kim

Tube: CD3/CD19
Acquisition Date: 03-Sep-07
Gated Events: 2858

Quad Location: 18, 26

Log Data Units: Linear Values
Patient 1D:

Panel: IMK Lymph

Gate: G1

Total Events: 10000

Quad Events % Gated % Total X Mean Y Mean
UL 227 7.94 227 446 48041
UR 3 0.10 003 20151 21360
LL 292 10.22 282 403 491
LR 2336 8174 2336 19296 419

4

10

CD16«CDSGPE
102 103 104

107

IMK070903-1.004

10! 1
GCD3FITG

IMK070903-J.005

Quad

File: IMK070903-J.004
Sample 1D: JY Kim
Acquisition Date: 03-Sep-07
Gated Events: 2629

Quad Location: 18, 26

rant Statistics

Log Data Units: Linear Values

Tube: CD3/CD4
Gate: G1
Total Events: 10000

Quad Events 9% Gated % Total X Mean Y Mean
uL 10 0.38 010 398 18027
UR 971 36.93 971 21508 2081.60
LL 503 19.13 5.03 359 3.21
LR 1145 4355 1145 18352 393

Quadrant Statistics

File: IMK070903-J.005
Sample ID: JY Kim
Acquisition Date: 03-Sep-07
Gated Events: 2602

Quad Location: 18, 28

Log Data Units: Linear Values

Tube: GD3/CD8
Gate: G1
Total Events: 10000

o
CD3FITC

IMKO070803-J.006

Quad Evenls 9% Galed % Total X Mean Y Mean
uL 155 5.96 1.55 673 799.60
UR 1095 4055 1055 19412 6245.75
LL 390 14.99 3.90 3.55 4.21
LR 1002 38.51 1002 22083 39

Quadrant Statistics

File: IMKO70903-J.006
Sample ID: JY Kim
Acquisition Date: 03-Sep-07
Gated Events: 2952

Quad Location: 18, 26

Log Data Units: Linear Values
Tube: CD3/CD16+CD56

Gate: G1
Total Events: 10000

Quad Ewvents % Gated <% Total X Mean Y Mean
uL 224 7.59 224 533 33763
UR 78 264 078 18369 8367
LL 348 11.79 3.48 3.03 424
LR 2302 7798 2302 19449 429
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NK Cytotoxicity Assay
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Fib=: NE-070820.%.003
Tube- 60:1
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Quad Ewanls
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TH1/TH2 Int

Sample 1D: 303272
Acquistion Date: 14-Aug-07
Gated Evenbs: 10000

g Th1TH2-070814-A.002
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File: Th1sTH2.0T0814 A D3
Tubwe: THF-a

Gata: 23

Duad Location: 17, 13

Sample 10: 303272
Acquisition Crabe: 14-Aug-07
Gated Events: 3428
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Reference Range at RFUMS/CMS

Immunomorphology

%CD3* 60-85
%CD19* 2-12
%CD56* 2-12

% CD19*CD5* 5-10
NK cytotoxicity assay (Effector:Target)

50:1 10-40*
25:1 5-30
12.5:1 3-20
TH1/TH2 intracellular cytokine ratio
TNF-a/IL-10 (CD3+CD4+) 13.2-30.6
INF-y/IL-10 (CD3+CD4+) 5.8-20.5




Time to test and Sampling

" In the morning
" Follicular phase
" 1 week after IVIG
® Sampling
= 51to 7 ml per test
" In heparinized tube (green-top)
" should be arrived at the lab within 24 hrs



Reproductive Immunology Laboratory, Konyang University Hospital

Printed on
2007.09.06
Patient TThit N Phumirian
Sample # Dieaw Diate Entered on Refering Hospital
1 07.09.03 07.09.05
Reference #
1

IMK test
Name Result Units Limits
Tatal T cell T2.56 %o 59 ~85
Tota B cell 13.21 ) 6.4 ~23.0
Th cell 44.1 %o 31-61
Te cell 26.43 %o 11~38
ThiTe ratio 1 6685585 ratio 0.9~34
ME cell 13.17 ) 5.6~ 31

NE Assay (% Klal) Follow up
Name Result Iinits Limits
50:1 36.37 % 10~40
25:1 24.42 Yo 5~30
12.5:1 151 Yo 3~20

Th1:Th2 intrecellidar cytoline ratios
Name Result Units Limits
THF-o 7047 Yo
[FI-y 47.33 Yo
IL-10 549 Yo
THF-e:IL-10 12.836066 Ratio 13.2~306
[FI-w IL-10 56211295 Ratio 58 ~205

End of Patient Report
Comments
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|_aboratory Tests for RSA

Causes Valuable Unproven Worthless
Genetic Karyotype HLA
Anatomic HSG, hysteroscopy
Endocrine TSH, PRL FSH, CCCT, LH, A,
Noyes criteria
Infectious Mycoplasma,
Ureaplasma,Chlamydia
Thrombophilia* | FVL, Factor Il,
Antithrombin m.
Prot.C & S,
Homocysteine,
ACL, LAC NK, Th1/Th2 ratio, ANA, antipaternal

Immunologic

ATA, other autoAbs

cytotoxic Ab, MLR,
suppressor factors,
cytokines, oncogene,
growth factors,
embryotoxic factor

Berek and Novak’s Gynecology, 14" ed.




Japanese Guideline to Evaluate RSA

Basal tests

CBC, CRP,
VDRL, Chlamydia Ag, Vaginal culture for bacterial infection,

1st screening

TVUS, HSG,
PRL, LH, FSH, TSH, fT4, glucose, P4, BBT,

parental chromosome study, ANA, APA, antiff2g, LAC, ACL IgG/M,
anti-PS 1gG/M

aPTT, PT, Factor Xll activity

2"d screening

Hysteroscopy, SonoHSG, MRI
750GTT, HbAL1C
Protein C activity and level

Protein S activity and level + AT Il when pregnancy loss in 2"d
trimester or later

Anti-DNA, anti-SS-A/RO,
NK activity, Th1/Th2 ratio, blocking Ab activity, anti-HLA

Acta Obstet et Gynecol Japonica 2004.56(6):859-862
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Conclusions

® Systemic immune IS important In
pregnancy as well.
® Useful 3 immunologic tests
" Immunophenotype test
" NK cytotoxicity assay
" Th1/Th2 cytokine assay

® To assess prognosis and define
iIndications of Tx.

" To monitor TX. response



