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Maternal Immune Reaction in 
Normal and Abnormal Pregnancy
Systemic
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Adoptive transfer of whole lymphocytes

X

C57BL/6 male BALB/c female

Whole 
lymphocytes

X

BALB/c nu/nu female C57BL/6 male

60% of mice became pregnant

Aluvihare VR et al., Nat Immunol 2004;5:266-271

Breeding efficiency 
of nude mice: 50%



Adoptive transfer of CD4+CD25- cells

X

C57BL/6 male BALB/c female

lymphocytes depleted 
of CD25+ cells

X

BALB/c nu/nu female C57BL/6 male

All fetuses were 
aborted

Aluvihare VR et al., Nat Immunol 2004;5:266-271
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Immunomorphology and 
NK Level and Cytotoxicity



Innate Immunity



Components of Innate Immunity



Activating and Inhibiting Receptors 
of NK cells



Effector Functions of NK cells

Targets
Virus infected cells and tumor cells

Two main functions
Cytolysis

Secretion of perforin, granzymes, and granuloysin
Activation of macrophage by IFN-γ

To Increase phagocytosis



PB-NK 

10-15% of lymphocytes in PB
Phenotypes

CD56dimCD16+, ~90%
CD56brightCD16-, ~10%

CD56: homotypic adhesion
CD16: low affinity Fcγ receptor



CD56 as a Prognostic factor



Threshold of NK number

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

Elevated peripheral blood CD56+ cells 
in non-pregnant RSA women



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, 1996,35:376



NK Levels and OB Outcomes in Pregnant 
RSA Women with LIT

AJRI 1996,35:376-382



RSA (n=14)
Median (%)

Control (n=18)
Median (%)

P value

CD3+
CD4+
CD8+
CD4:CD8
CD3-CD16/CD56+
CD19+
CD19CD5+

77.6
48.5
23.5
2.2
14.35
8.5
2.0

68.45
43.0
26.2
1.42
9.9
14.45
0.9

NS
<0.05
NS
<0.05
<0.05
<0.005
<0.05

Eur J Obstet Gynecol Reprod Biol 2002;103:53



Immunophenotype in Normal Healthy Women with 
Hx of Successful Pregnancies

Normal healthy 
Control, n=18 (%)

CD3+
CD4+
CD8+
CD3-CD16/CD56+
CD19+
CD19CD5+

51-79
30-52
16-40
3-12
5-17
0-1.5

Eur J Obstet Gynecol Reprod Biol 2002;103:53



K562 cells

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

No expression of  MHC class I molecules
No inhibition of NK activity by MHC class I-
KIR interaction. 



NK Cytotoxicity



Measurement of NK activity
Chromium-51 release cytotoxicity assay

3.7x103 Bq 51Cr-labelled K562 cells
2x105 PBMCs
Calculation: ([test cpm-spontaneous cpm]/[max. cpm-
spontaneous cpm])x100
Aoki et al., Lancet, 1995

Flow cytometric assay
1x104 K562 cells
5x105, 2.5x105, or 1.25x105 PBMCs
Calculation: % dead K562 cells-% spontaneous K562 
cell death
Gilman-Sachs et al., AJRI, 1999





Cytokine Assay



Cytokines in Host Defense



Th1 and Th2 subsets of CD4+ T cells





Th1/Th2 Ratios in CD3+CD4+ Cells of 
Women with Multiple IVF Failures
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Human Reprod 2003;18:767







Analysis of Immunologic Tests



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

IMK-Lymphocyte Assay

Collecting blood 1ml into heparin tube.

First staining Whole blood samples 

RBC lysis by lysing solution.

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+)  



Immunomorphology Assay



NK Cytotoxicity Assay

Initial test

1 week after IVIG Tx



TH1/TH2 Intracellular Cytokine 
Ratio

TNF-α

INF-γ

IL-10



Reference Range at RFUMS/CMS
Immunomorphology
%CD3+

%CD19+

%CD56+

% CD19+CD5+

60-85
2-12
2-12
5-10

NK cytotoxicity assay (Effector:Target)
50:1
25:1
12.5:1

10-40* 
5-30
3-20

TH1/TH2 intracellular cytokine ratio
TNF-α/IL-10 (CD3+CD4+)
INF-γ/IL-10 (CD3+CD4+)

13.2-30.6
5.8-20.5



Time to test and Sampling

In the morning
Follicular phase
1 week after IVIG

Sampling
5 to 7 ml per test
in heparinized tube (green-top)
should be arrived at the lab within 24 hrs



Comments
정상범위에 있습니다.
경계부위에 있습니다.
비정상적인 소견을 보입니다. 면역치료의
대상으로 사료됩니다.



Laboratory 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 II,
Antithrombin m. 
Prot.C & S,
Homocysteine, 

Immunologic ACL, LAC NK, Th1/Th2 ratio, 
ATA, other autoAbs

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

Berek and Novak’s Gynecology, 14th 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, antiβ2g, LAC, ACL IgG/M, 
anti-PS IgG/M
aPTT, PT, Factor XII activity

2nd screening Hysteroscopy, SonoHSG, MRI
75OGTT, HbA1C
Protein C activity and level
Protein S activity and level + AT III when pregnancy loss in 2nd

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



의료보험 적용여부

Immunomorphology
심평원에 보험적용여부 질의함

급여 적응대상으로 보기 어렵다고

NK cytotoxicity assay
심평원에 신의료기술 신청함

아직 답신 없음

Th1/Th2 cytokine assay
심평원에 신의료기술 신청함

아직 답신 없음

일본: 비급여, 합법
적, 학회인정
NK activity, 
Th1/Th2 ratio, 
blocking Ab activity, 
anti-HLA

미국: FDA 미승인, 
일부 보험회사 인
정, 일부 대학 CPT 
code에 준해 검사

시행



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 
indications of Tx.
To monitor Tx. response


