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ABSTRACT

PROBLEM：Pregnancy　affects　the　matemal　imm皿e　system　and　the　clinical　course　of

maternal　diseases．　Here　we　report　the　changes　in　the　detailed　lymphocyte　subsets　of

helper　T　cells，　suppressor　T　cells，　CD5＋Bcells，　T　cell　receptor（TCR）αβ一positive　T

cells（Tαβcells），　TCRαβ一negative　T　cells（TYδcells）and　others　during　and　after

pregn㎝cy　through　to　one　ye班post麺㎜，㎜d　discuss　the　signi丘c孤ce　of　the　changes．

METHOD：The　absolute　numbers　of　helper　T　cells，　suppressor　T　cells，　cytotoxic　T　cells，

TCRαβ一negative　T　cells（TYδcells），　CD5－Bcells，　CD5＋Bcells，　and　NK　cell　subsets

were　examined　by　two－color　flow　cytometry　in　peripheral　blood　from　51　healthy　non－

pregnant　women，106　healthy　pregnant　women，　and　148　healthy　postpartum　women．

RESULTS：In　early　pregnancy，　the　numbers　of　suppressor　T　cells　and　NK　cells　with

strong　cytotoxity（NK＋＋＋cells）increased，　and　the　number　of　cytotoxic　T　cells　decreased．

In　late　pregnancy，　the　helper　T　cell　and　NK＋＋＋cell　numbers　decreased．　Tαβ，　CD5－B

and　CD5＋Bcells　decreased　during　pregnancy．　After　delivery，　helper　T　cells　and

cytotoxic　T　cells　increased　from　l　to　4　months　postpartum，　and　suppressor　T　cells

increased　at　7　months　postpal加m．　TCRαβ一negative　T　cells　increased　at　4　to　10months

postpa血m．　B　oth　CD5－Band　CD5＋Bcells　decreased　further　at　l　month　postpartum，

but　CD5＋Bcells　increased　markedly　at　7　to　l　O　months　postpartum．

CONCLUSIONS：These　data　indicate　that　1）early　increases　of　suppressor　T　cells　and

NK＋＋＋cells　during　Pregnancy　may　be　related　to　the　mechanislh　to　accept　or司ect　the

民tus　in　early　pregnancy，　respectively；2）late　decreases　of　helper　T　cells　and　NK＋＋＋cells

may　be　related　to　the　maintenance　of　pregnancy；3）postpartum　increases　of　helper　T　cells，

cytotoxic　T　cells，　TCRαβ一negative　T　cells（Tγδcells）and　CD5＋Bcells　may　be　related

to　the　postp加um　aggravation　of　autoimmune　diseases，　and　4）the　i㎜unological　e脆cts

of　pregnancy　remains　until　about　one　year　after　delivery．

Keywords：lymphocyte　subset，　postpartum，　pregnancy
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㎜「RODUCTION

　　　　Pregnancy　affects　the　matemal　immune　system　and　the　clinical　course　of　maternal

diseases．　Conversely，　the　maternal　immune　system　also　affects　the　maintenance　of

pregnancy，　i．e，　the　survival　of　the　fetus　in　utero．1－3　There　are　many　reports　of　decreases

in　some　systemic　par㎜eters　of　matemal　immuni⑲during　pregn㎝cy　that　may　be　related

to　the　survival　of　the允tus　in　utero．1　During　pregnancy，　the　numbers　of　peripheral

lymphocytes，　large　granular　lymphocytes（LGL），　T，　B，　NK　cells，　T　cell　subsets（CD4＋

cells　and　CD8＋cells），　and　activated　T　cells　are　decreased，4”7　although　the　proportion　of

peripheral　LGL　increases　at　the　first　trimester．7　The　proliferative　activity　of　peripheral

lymphocytes　in　response　to　T　cell　mitogen8　and　the　cytotoxic　activities　of　peripheral　K

cells9　and　NK　cellslo　are　also　decreased．　Funhemore，　the　serum　levels　of　total．IgG，

IgM，　and　IgA，11　and　the　levels　of　autoantibodiesl2　are　also　decreased．　Increased

susceptib輌lity　to　viral　infection，　virus　reactivation，13　and　amelioration　of　autoimmune

dise鵬esl4　may劔so悦evidence　of　d㏄reased　i㎜unologic副activi巧of　the　mother　d血ng

P「egnancy・

　　　　　In　the　postpartum　period，　in　the　contrast，　there　are　reports　suggesting　increased

activity　of　matem訓i㎜unity．　The　numbers　of匪ripher訓lymphocytes，　LGL，㌦d　NK

cells，4・7the　cytotoxic　activities　of　K　and　NK　cells，9・lo　and　the　senlm　levels　of　total

IgG　l　1征e　increased　in　the　postp血m氏riod．　The　aggravation　of　autoi㎜une　diseases15’

17司so　suggests　the　increased　i㎜unologic剖activity　of　the　mother．

　　　　Although　there　are　many　reports　on　lymph㏄yte　subsets　during　pregnancy　and　a　few

reports　in　the　postpartum　period　as　noted　above，　there　are　few　reports　on　more　specific

subsets　of　T，　B，　and　NK　cells　examined　by　two－color　flow　cytometry．181n　this　study，

therefore，　we　examined　more　detailed　subsets　of　T，　B，　and　NK　cells，　which　are

considered　to　have　specific　functions　during　pregnancy　and　in　the　postpartum　period，　in

order　to　clarify　the　effbcts　of　pregnancy　on　the　matemal　immune　system　and　on　the

clinical　course　of　maternal　diseases，　such　as　infectious　diseases　and　autoimmune

diseases．
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4

SUBJECTS　AND　METHODS

Sμbjects

　　　　　　The　su句ects　studied　were　51healthy　non－pregnant　women（mean　age：31．2±7．1

years）；106　healthy　pregnant　women，38　in　the　first　trimester（7－13　weeks；295±4．6

years），30　in　the　second　trimester（19－25　weeks；29．8±4．8　years），38　in　the　third

trimester（30－38　weeks；29．1±4．8　ye劔s）；㎝d　148　he舳y　post畑㎜women（30　at　l

month　postpartum［29．9±3．8　years］，35　at　4　months　postpartum［28．6±4．7　years］，33

at　7　months　postpartum［28．7±4．6　years］，27　at　l　O　months　postpartum［30．4±5．3

years］，23　at　13　months　postpartum　I29．1±5．O　years］．　The　mean　ages　of　the　groups

were　not　signi五cantly　different．　Samples　of　peripheral　venous　blood　were　taken　at　2：00－

3：00P．M．　None　of　the　su句ects　was　receiving　any　medication，　and　all　were　nonsmokers．

Subjects　with　associated　complications，　which　were　judged　by　clinical　examination　and

general　laboratory　tests　on　pregnant　women，　and　those　with　subclinical　autoimmune

diseases，　which　were　judged　by　serological　tests，　including　anti－nuclear　antibody，

rheumatoid　factor，　and　anti－thyroid－microsomal　antibody，　were　excluded　fXom　this　study．

Moηocloηα互AMiわodiε5

　　　　　　Fluorescein－isothiocyanate（FITC）－conjugated　monoclonal　antibodies，　anti－

TCRα／β一1，　anti－CD4，　anti－CD8，　anti－CDl9，　and　anti－CD57（Becton　Dickinson，

Mountain　View，　CA）；and　phycoerythrin（PE）－conjugated　monoclonal　antibodies，　anti－

CD3，　anti－CD62L，　anti－CDIlb，　anti－CD5，　and　anti－CD　l　6（Becton　Dickinson）were　used．

D嚇ereMiαI　Lωkocy重e　Co顕ts

　　　　　　Leukocyte　and　lymphocyte　counts　were　obtained　with　an　automated　leukocyte

differential　system，　Total　Hematology　Management　System（THMS）H－6000（Technicon

Co．，　Tarrytown，　NY），　based　on　principles　of　cytochemistry，　electrooptical　measurernent，

and　signal　logic　processing．
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Ly卿hocyte　Sμbsets

　　　　　　Lymphocyte　subsets　shown　in　Table　l　were　analyzed　by　flow　cytometry　with　the

FITC－co可ugated　and　PBco句ugated　monoclonal　antibodies　described　above．19　S　amples

of　100μl　of　EDTA－treated　whole　blood　were　washed　once　to　exclude　the　effect　of

plasma，　and　incubated　for　30　min　at　4℃with　20μl　of　FITC－conjugated　and　PE－

co可ugated　monoclonal　antibodies．　Then　the　samples　were　hemolysed　and　fixed　with

lysing　reagent（FACSTM　lysing　solution；Becton　Dickinson）．　They　were　then　washed

once　and　su句ected　to　two－color　flow　cytometry　in　a　FACScanTM　with　an　auto－

compensation　system（Becton　Dickinson）to　dete㎜ine　the　percentage　of　each　lymphocyte

sub⑨et　in　total　lymphocytes．　The　absolute　numbers　of　these　lymphocyte　subsets　in　whole

blood　were　calculated　as　the　products　of　the　percentages　of　each　lymphocyte　subset　and

the　absolute　lymphocyte　number，　which　were　obtained　with　a　Total　Haematology

M紐agement　System　H－6㎜（Tec㎞iton）．

Stα‡istics

　　　　　　Data　were　analyzed　by　Student’s　t－test，　or　the　Mann－Whitney　U－test　when

variances　were　unequal．　Probability　values　less　than　5％were　considered　significant．
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RESULTS

L））ηtP｝10cyfe　sμbpopulα琵oπs　（Fig．1）

　　　　　　The　number　of　lymphocytes　decreased　during　pregnancy，　and　increased　after

delivery　from　4　to　10　months　postpartum．　The　numbers　of　CD3＋Tcells　and　CDl9＋B

cells　showed　similar　changes　to　the　lymphocyte　number，

Tce麗sμbpOPt41αtioηs

　　　　　　The　number　of　CD3＋TCRα！β一1＋TCRαβ一positive　T　cells（Tαβcells）（Fig．1）

decreased　during　pregnancy，　but　was　not　higher　in　the　postpartum　period　than　that　in

non－pregnant　women．　In　contrast，　the　number　of　CD3＋TCRα／β一1－TCRαβ一negative　T

cells（T価cells）20（Fig．2）did　not　change　during　pregnancy，　but　increased　a丘er　delivery

from　4　to　10　months　postpartum．　The　number　of　CD4＋cells（Fig．1）decreased　during

pregnancy，　but　was　not　higher　in　the　postpartum　period　than　that　in　non－pregnant

women．　The　number　of　CD8＋cells（Fig．1）showed　no　significant　change　during　and

after　pregnancy．

Tcel互sμbsets（Fig．2）

　　　　　　The　number　of　CD8＋CDllb“cytotoxic　T（TC）cells21　decreased　in　the　first

trimester　of　pregnancy，　and　increased　at　4　months　postpartum．　The　number　of

CD4＋CD62L－helper　T（TH）cells，　which　have　m｛萄or　helper　fUnctions，22　decreased　in　the

third　trimester，　and　increased　at　4　months　postpartum．　In　contrast，　the　number　of

CD8＋CDllb＋suppressor　T（TS）cells23　increased　in　the　first　trimester　of　pregnancy，　and

increased　again　at　7　months　postpartum．　The皿mber　of　CD4＋CD62L＋inducer　T（TI）

cells，　which　have　weak　helper　and　inducer　fUnctions，22・24　decreased　during　pregnancy，

but　was　not　higher　ill　the　postpartum　period　than　that　in　non－pregnant　women（Fig．1），　as

well　as　that　of　CD4＋cells．

BceりSubsets（Fig．3）



7

　　　　　　The　number　of　CD　l　9＋CD5－conventional　B（CD5－B）cells　decreased　during

pregnancy　and　at　l　month　postpartum，　and　retumed　to　the　non－pregnant　level．　The

number　of　CDl9＋CD5＋B（CD5＋B）cells　decreased　during　pregnancy　and　at　l　month

postpa血m，　but　increased　at　7　to　10months　postpartum．

NK　cell　sμbsets（F↓9．4）

　　　　　　The　number　of　CD　16＋CD57－NK（NK＋＋＋）cells，　which　were　reported　to　have

strong　cytotoxic　activity，25・26　increased　in　the　first　trimester　of　pregnancy，　decreased　in

the　third　trimester　of　pregnancy，　and　retumed　to　the　non－pregnant　level　after　delivery．

The　number　of　CD16＋CD57＋NK（NK＋＋）cells，　which　have　medium　cytotoxic

activity，25・26　decreased　in　the　third　trimester　of　pregnancy，　and　returned　to　the　non－

pregnant　level　after　delivery．　The　number　of　CD　l　6℃D57＋NK（NK＋）cells，　which　have

weak　cytotoxic　activity，25・26　showed　no　signi負cant　change　during　pregnancy，　but

increased　after　delivery丘om　l　to　4　months　postpartum．



DISCUSSION

　　　　　　　In　this　study，　we　clarified　that（1）adecrease　in　peripheral　lymphocytes　during

pregnancy　was　caused　by　decreases　in　both　T　and　B　cells，（2）an　increase　in　peripheral

lymphocytes　in　the　postpartum　period　was　caused　by　increases　in　both　T　and　B　cells，（3）

adecrease　in　T　cells　during　pregnancy　was　caused　by　a　decrease　in　Tαβcells，　especially

CD4＋Tcells，（4）an　increase　in　T　cells　in　the　postpartUm　period　was　caused　by　an

increase　in　TCRαβ一negative　T　cells［TCRαβ一negative　T　cells　represent　Tγδcells，

because　of　a　significant　correration　between　the　percentages　of　CD3＋TCRα！β一1－cells

and　CD3＋TCRWδ一1＋cells20］，（5）adecrease　in　B　cells　during　pregnancy　was　caused　by

decreases　in　both　CD5－Band　CD5＋Bcells，　and（6）an　increase　in　B　cells　in　the

postpartum　period　was　caused　by　an　increase　in　CD5＋Bcells．　Furthermore，　we　fbund

the　characteristic　changes　of　fine　lymphocyte　subsets　during　and　after　pregnancy，　which

may　explain　part　of　the　mechanisms　for　the　maintenance　of　pregnancy，　the　increased

susceptibility　to　viral　infection　during　pregnancy，13　postpartum　aggravation　of

autoi㎜une　diseases，15－17　and　so　on．

　　　　　　In　early　pregnancy，　peripheral　NK＋＋＋cells，　which　have　strong　NK

cytotoxicity，25・26　increased，　which　is　consistent　with　our　previous　findings　that　the

proportion　of　LGL　and　the　activity　of　NK　cells　are　higher　in　early　pregnancy　than　in　non－

pregnant　controls．7・10　An　excessive　increase　of　NK＋＋＋cells　in　early　pregnancy　may

cause　recurrent　spontaneous　abortions，　because　the　NK　cell　activity　in　recurrent　aborters

is　higher　than　that　in　no㎝al　pregnant　women　in　early　pregnancy．27，28

　　　　　　We　also　fbund　that　suppressor　T（TS）cells　increased　in　early　pregnancy．　This

may　be　related　to　our　previous　finding　that　the　ratio　of　senlm　concentration　of　soluble

CD8　to　the　number　of　CD8＋cells　is　increased　in　the　first　and　second　trimester　of

pregnancy．29　Furthermore，　this　is　partially　compatible　with　previous　reports　that　short－

lived　suppressor　cell　activity　and　the　proportion　of　CD4＋CD45RA＋Tsuppressoガinducer

cells　are　increased　during　pregnancy．18・30　This　increase　of　TS　cells　seems　to　cause　a

decrease　of　cytotoxic　T（TC）cells　and　the　fbllowing　decreases　of　helper　T（TH）cells，

8



CD5－Bcells孤d　probably　CD5＋Bcells　d晦pregn狙cy，　because　the　i㎜une　system

is　considered　to　be　regulated　by　the　balance　between　TH　cells　and　Ts　cells．31　An　increase

of　NK＋＋＋cells　in　early　pregnancy　may　also　be　related　to　decreases　of　TC　cells　and　B

cells，　because　NK　cells　kill　or　suppress　activated　B　cells　and　dendritic　cells　that　fUnction

as　antigen－presenting　cells狙d　suppress　both　the　generation　of　i㎜unoglobulins　and　Tc

cel1S．32・33

　　　　　　The　decrease　of　Tc　cells　in　early　pregnancy　observed　in　the　present　study

supports　the　previous　finding　that　cytotoxic　T　cell　activity　is　suppressed　during

pregnancy，34　and　suggests　that　a　decrease　of　TC　cells　is　also　important　for　the

maintenance　of　pregnancy　and　the　pregnancy－induced　amelioration　of　autoimmune

diseases，　in　which　TC　cells　are　considered　to　be　the　main　effector　for　tissue

destruction．35・36　We　found　that　CD5＋Bcells　decreased　progressively　and　markedly

during　pregnancy．　This　finding　is　consistent　with　a　report　by　Bhatθτα1．37　CD5＋Bcells

are　known　to　be　increased　in　autoimmune　disease　and　to　produce　autoantibodies．38・39

Therefbre，　this　decrease　of　CD5＋Bcells　during　pregnancy　may　explain　the　amelioration

of　autoi㎜une　diseases，　especially　those　in　which　autoantibodies　pla脚important　role

in　the　pathogenesis．40・41　A　decrease　in　CD5＋Bcells　during　pregnancy　may　be　usefUl　fbr

the　acceptance　of　the　fetal　allograft　and　successfUl　outcome　of　a　pregnancy，　because　the

proportion　of　peripheral　CD5＋Bcells　in　women　with　recurrent　spontaneous　abortion　of

i㎜unological　etiology　is　higher　than　that　in　controls．42　The　convention訓CD5’Bcells

were　also　observed　to　be　decreased　during　pregnancy　in　the　present　study，　This　explains

the　decreases　in　serum　levels　of　IgG，　IgM，　and　IgA　during　pregnancy．11

　　　　　　1n　contrast　to　early　pregnancy，　NK＋＋＋cells　decreased　in　late　pregnancy，　which

seems　to　be　a　usefUI　adaptation　to　help　ensure飴tal　survival．　NK＋＋cells，　which　have

moderate　NK　cytotoxicity，25・26　were　also　decreased　during　this　period．　These　findings

are　also　consistent　with　our　previous　reports　that　LGL　number　and　NK　cell　activity

decrease　in　late　pregnancy，7・Io　and　may　explain　the　increased　susceptibility　to　viraI

infection　and　virus　reactivation　during　Pregnancy．13

9
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　　　　　　Decreases　in　the　numbers　of　total　lymphocytes，　T　cells，　and　B　cells，　and　the

above－mentioned　characteristic　changes　in　T，　B，　and　NK　lymphocytes　were　observed

during　pregnancy．　These　changes　may　be　partially　caused　by　the　effects　of　pregnancy　or

pregnant－associated　hormones　on　thymus43　and　bone　marrow，44　showing　progressive

reduction　of　thymic　size　and　cellularity，　and　inhibition　of　T　and　B　cell　development　at　the

precurざor　level．　Furthermore，　pregnancy－associated　cytokines　such　as　GM－CSF，45

TGFβ，46　illterferon一τ，471L－10，47　and　TJ6，48　which　are　produced　by　the　interactioll

between　the　fetus　and　the　immune　system　at　the　matemal－fetal　interface，　may　also　be

related　to　these　changes，　especially　increases　in　NK＋＋＋cells　and　Ts　cells，　and　a　decrease

in　TC　cells　in　early　pregnancy；although　the　precise　mechanism　is　not　clear．

　　　　　　In　the　postpartum　period，　characteristic　changes　in　T，　B，　and　NK　cell　subsets

suggesting　an　enhancement　of　immune　reaction　were　observed．　These　changes　may　be

caused　by　a　rebound　of　pregnancy－induced　immune　suppression．14・15　At　1－4　months

postpartum，　NK＋cells　increased．　This　is　consistent　with　our　previous　reports　that　LGL

and　CD57＋NK　cells　increase　at　4　months　postpartum．4・7Furthermore，　TC　cells　and

TCRαβ一negative　T　cells（Tγδcells）also　increased　f士om　l　to　4　months　postpartum，　and

an　increase　in　the　latter　continued　until　10　months　postpartum．　Increases　in　these

cytotoxic　cells　represent　an　enhancement　of　cell－mediated　cytotoxicity　at　1－4　months

postpartum，　and　may　be　usefUl　fbr　the　defense　against　postpartum　in飴ction．　However，

this　increase　of　cytotoxic　activity　may　cause　the　aggravation　of　autoi㎜une　diseases．

Indeed，　rheumatoid　arthritis　and　Hashimoto’s　disease，　in　which．TC　cells　and　TCRαβ一

negative　T　cells（TWδcells）are　considered　to　be　the　main　effector　cells　for　tissue

destruction，20・35・49　are　ffequently　aggravated　at　l－4　months　postpartum．15・50・511n

contrast，　CD5＋Bcells　showed　a　marked　increase　in　the　postpartum　period，　showmg　the

peak　between　7　and　lO　months　postpartum．　CD5＋B．cells，　which　produce

autoantibodies，38　increase　in　autoimmune　diseases，　especially　in　the　active　stage　of

Graves’disease，39　which　is　caused　by　anti－TSH　receptor　autoantibodies．　Graves‘disease

丘equently　develops　or　relapses　in　the　postpartum　period，51　especially　between　4　and　l　2

months　postpartum．　Therefore，　a　postpartum　increase　of　CD5＋Bcells　may　cause　the
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onset　or　the　aggravation　of　autoimmune　diseases，　in　which　autoantibodies　are　important

fbr　the　pathogenesis，　such　as　Graves’disease．41

　　　　　　TH　cells　increased　at　4　months　postpartum，　which　was　accompanied　by　an

increase　in　TC　cells　and　fbllowed　by　an　increase　in　B　cells（CD5＋Bcells）．　However，　this

enh孤cement　of　i㎜une　reaction　in　the　post呼um　period　was　transient．　The　increase　in

TS　cells　at　7　months　postpartum　observed　in　this　study　may　suppress　the　enhancement

and　stabilize　maternal　immulle　system．　Very　surprisingly，　however，　recovery　of　the

matemal　i㎜une　system　to　the　non－pregnant　level　took　about　one　year　a且er　delive巧．　In

addition　to　the　marked　characteristic　changes　in　subsets　of　T，　B，　and　NK　lymphocytes

during　and　a且er　no㎜al　pregnancy，　it　is　imponant血r　considering　matem副physiology　to

pay　attention　to　the　ve巧long－te㎝e飽ct　of　pregn㎝cy　on　the　matem司i㎜une　system
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Figure　Legends

Figure　1：

Changes　ill　absolUte　numbers　of　peripheral　lymphocytes，　T　cells，　B　cells，　CD4＋Tcells，

CD8＋Tcells，　TCRαβ一positive　T（Tαβ）cells，　and　inducer　T（TI）cells　during　and　after

P「egnancy・

＊：p＜0．05，＊＊：p＜0．Ol，＊＊＊：p＜0．001（compared　with　non－pregnant　control）

Figure　2：

Changes　in　absolute　numbers　of　TCRαβ一negative　T（Tγδ）cells，　helper　T（TH）cells，

suppressor　T（TS）cells，　and　cytotoxic　T（TC）cells　dudng　and　a負er　pregnancy．

＊：p＜0．05，＊＊：p＜0．01，＊＊＊：p＜0．001（compared　with　non－pregnant　control）

Figure　3：

Changes　in　absolute　numbers　of　CD5－Bcells　and　CD5＋Bcells　during　and　after

pregnancy・

＊：p＜0．05，＊＊：p＜0．01，＊＊＊：p＜0．001（compared　with　non－pregnant　control）

Figure　4：

Changes　in　absolute　numbers　of　NK　cell　subsets　during　and　after　pregnancy．

＊：p＜0．05，＊＊：p＜0．01，＊＊＊：p＜0．001（compared　with　non－pregnant　control）



Table　1 Lymphocyte　subsets　examined　in　this　study

Subsets Ma’or　o　ulation

（1）3＋

CD3＋TCRωβ一1＋

CD3＋TCRα／β一1一

Tcells

TCRαβ一positive　cells（Tαβcells）

TCRαβ一negative　T　cells（TYδcells）

GD4＋

CD4＋CD62L＋

CD4＋CD62L一

helper／inducer　T　cells　（THII）

inducer　T　cells（TI）

helper　T　cells（TH）

（1）8＋

CD8＋CDllb＋

CD8＋CDllb一

supPressor／cytotoxic　T　cells　（Ts／c）

supPressor　T　cells（Ts）

cytotoxic　T　cells（Tc）

CD　19＋

（D5＋（1）19＋

CD5－CD　19＋

Bcells

CD5＋Bcells

CD5－Bcells

CD　16－CD57＋

CD　16＋CD57＋

CD　16＋CD57一

NK　cells　with　weak　cytotoxity（NK＋）

NK　cells　with　medium　cytotoxity（NK＋＋）

NK　cells　with　strong　cytotoxity（NK＋＋＋）

TCRαβ：Tcell　receptorαandβchains
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PROBLEM：We　examined　physiological　changes　in　serum　levels　of　soluble　CD4（sCD4）

and　soluble　CD8（sCD8）during　pregnancy　and　1－12months　postpartum　to　study　changes

in　the　matemal　immune　system　during　and　after　pregnancy．

METHOD：The　serum　concentrations　of　sCD4　and　sCD8　were　measured　by　enzyme　immu－

noassay　in　the　sera　separated　from　blood　samples　withdrawn　from　healthy　women　in　the

lst，2nd，　and　3rd　trimesters　of　pregnancy　and　1，4，7，and　l　O－12　months　postpartum（n＝182）

and　healthy　non－pregnant　women（nニ25），　and　in　900f　the　women，　the　changes　in　sCD4

and　sCD8　were　compared　with　changes　in　the　number　of　peripheral　CD4＋and　CD8＋cells

measured　by　flow　cytometry．

RESULrS：The　serum　concentration　of　sCD4　decreased　throughout　pregnancy，　from　the　first

trimester，　and　recovered　gradually　a丘er　delivery．　The　serum　concentration　of　sCD8　did　not

change　significantly　during　or　after　pregnancy　compared　to　the　concentration　in　the　non－

pregnant　controls，　but　the　concentration　l　month　postpartum　was　significantly　higher　than

that　in　the　3rd　trimester．　The　numbers　of　CD4＋and　CD8＋cells　decreased　during　pregnancy

but　did　not　change　significantly　after　delivery．　Interestingly，　the　ratio　of　the　serum　sCD4

1evel　to　the　number　of　CD4＋cells　decreased　and　the　ratio　of　the　sCD81evel　to　the　number

of　CD8＋cells　increased　in　the　first　and　second　trimesters　of　pregnancy，　but　these　ratios　were

within　the　normal　range　f㌔om　the　third　mmester　of　pregnancy　to　10－12months　postpartum．

CONCLUSIONS：Decreases　in　senlm　sCD4　concentration　and　in　the　ratio　sCD4！CD4＋cells，

and　an　increase　in　the　ratio　sCD8／CD8＋cells　may　be　important　factors　in　the　immunologi－

cal　changes　that　occur　during　pregnancy．
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pregnancy，　postpartum
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Pregnancy　aflects　the　matemal　immune　system．11t　has　been　suggested　that　locaI

immunosuppression　in　utero　is　important　for　the　maintenance　of　pregnancy，　that

is，　fbr　the　survival　of　the　fetus　in　utero．2－5　However，　many　studies　have　reported　of

decreases　in　some　systemic　parameters　of　matemal　immunity　during　pregnancy，　aL

though　these　findings　are　still　controversiaL〔←22　During　pregnancy，　fbr　example，　there

are　decreases　in　numbers　of　peripheral　lymphocytes；large　granular　lymphocytes

（LGL）；T，　B，　and　NK　cells；Tcell　subsets（CD4，　CD8）；and　activated　T　cells．白9；

the　prolifbrative　activity　of　peripheral　lymphocytes　in　response　to　mitogenlo；the

cytotoxic　activity　of　peripheral　K　cellslI　and　NK　cellsl2；serum　levels　of　total　IgG，

IgM，　and　IgA；13　and　decreases　in　the　levels　of　autoantibodies．141ncreased　suscepti一
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bility　to　viral　infection　and　virus　reactivation，15　and　ame－

lioration　of　autoi㎜une由seasel6’17　may副so　be　evidence　of

decreased　malemal㎞mtmological　activity　du血g　pregnancy．

　　hl　the　postpa1加m　period，　in　contrast，　the　increased皿m－

bers　of　peripheral　lymphocytes，　LGL，　T　cells，　and　NK

cells，6’9　the　increased　cytotoxic　activity　of　K　and　NK　cells，

the　increased　levels　of　senlm　IgG，13　and　the　exacerbation

of　autoimmune　disease23－25　suggest　increased　immunologi－

cal　activity　in　the　mother．　There　are，　however，　few　reports

of　studies　on　the　immune　system　in　this　period．

　　Recently，　it　has　been　reported　that　many　proteins　lead　a

dual　existence　as　both　membrane－bound　and　soluble
isofo㎜s．26　Membrane－bound　CD4　and　CD8　proteins　on

CD4＋and　CD8＋cells，　both　of　which　are　very　important

for　immune　regulation，　are　required　for　interaction　with

antigen－Presenting　cells　or　target　cells　to　induce　specif輌c

immune　responses．27　Soluble　isofo㎜s　of　CD4　and　CD8

have　been　measured　in　various　diseases　and　have　been　sug－

gested　to　play　some　immunological　role，2詞2　but　the　pre－

cise　functions　of　these　molecules　are　still　un㎞own，

　　In　this　study，　we　examined　the　senlm　levels　of　soluble

CD4（sCD4）and　soluble　CD8（sCD8）during　and　after

pregnancy　to　clarify　the　changes　that　take　place　in　the　ma－

temal　immune　system　during　and　after　pregnancy．

Diagnostics，　Inc．，　Cambridge，　MA），　employed　according

to　the　manufacturer’s　instructions．　Both　of　these　assays　are

sandwich　ELISA，　using　two　monoclonal　antibodies，　the

second　being　Peroxidase－conjugated．　Brieny，96－well

microplates　were　coated　with　murine　monoclonal　antibod－

ies　to　CD4　and　CD8，　respectively．　After　the　coating，　the

coating　solution　was　discarded　and　the　plates　were　incu－

bated　for　2　hours　at　37°C　with　300μl　of　blocking　solu－

tion　per　well，　fOllowed　by　four　washings．　Sera，　at　final

dilutions　of　1：3（for　sCD4）and　1：9（for　sCD8）were　ap－

plied　to　the　plate，　and　the　plates　were　incubated　at　37°C

for　2　hours　and　for　90　minutes，　respectively．　After　four

washings，　the　plate　was　incubated　with　horseradish　per－

oxidase（HRP）－conjugated　murine　monoclonal　antibodies

directed　against　different　epitopes　of　human　CD40r　CD8．

After　the　removal　of　unbound　HRP－conjugate　by　washing，

o－phenylenediamine　was　added　to　each　well　and　the　plates

were　incubated　for　30　min　at　room　temperature．　The　re－

action　was　stopped　by　the　addition　of　2　N　H2SO4　and　the

absorbance　was　measured　at　490　nm．　The　results，　ex－

pressed　as　U／ml，　were　detemined廿om　standard　curves

obtained　with　six　standard　CD4　samples（ranging　from　O

to　160　U／ml）and　five　standard　CD8　s㎜ples（rmging廿om

Oto　2，000　U／ml）．

SUBJECTS　AND　METHODS

Subjects

Eight　groups　of　healthy　women　were　studied．　Group　l

consisted　of　36　subjects　in　the　first　trimester　of　preg－

nancy（7－13　weeks；age，21－37　years；mean　age，28．O

years），　group　2　consisted　of　29　subjects　in　the　second　tri－

mester（19－25　weeks；22－39　years；28．8　years），　and　group

3，29subjects　in　the　third　trimester（30－38　weeks；23－37

years；29．5　years）．　Groups　4，5，6，　and　7　were　postpartum；

group　4　consisted　of　29　subjects　l　month　postpartum（age，

19－39years；mean，30．5　years），　group　5，22　at　4　months

postpartum（20－38　years；27．2　years），　group　6，15　at　7

months　postpartum（20－35　years；265　years），　and　group

7，22at　10－12　months　postpartum（21－39　years；29．8

years）．　The　eighth　group　consisted　of　125　healthy　non－preg－

nant　women　as　controls（age，21－45　years；mean，30．2

years）．　The　mean　ages　of　the　groups　were　not　significantly

different．　None　of　the　su句ects　was　receiving　any　medica－

tion　at　the　time　of　the　study　and　none　had　any　associated

complications　or　autoimmune　disease，　assessed　by　clini－

cal　and　laboratory　examinations，　including　serological　tests

for　antinuclear　antibody，　rheumatoid　factor，　and　anti－thy－

roid　microsomal　antibody．　Blood　samples　were　collected

and　sera　were　separated　and　stored　at－70°C　until　use．

sCD4αnd　sCI）8　Assαヲ

Soluble　CD4　and　CD8　were　examined　with　commercially

available　enzyme　immunoassay　kits　for　sCD4　and　sCD8

（Cellfree　CD4　test　kit　and　Cellffee　CD8　test　kit，　T　Cell

TCe㍑Sμbs創S
Tcell　subsets　were　analyzed　in　lO－15　subjects　from

each　group　of　pregnant　and　postpartum　women（87　sub－

jects　in　all）and　in　20　0f　the　non－pregnant　controls．

Analysis　was　carried　out　with　FITC－conjugated　anti－

CD4（Leu－3a）and　phycoerythrin（PE）－conjugated　anti－

CD8（Leu－2a）antibodies（Becton　Dickinson，　Mountain

View，　CA）and　with　a　FACScan（Becton　Dickinson，
Mountain　View，　CA）．33　Briefly，100μl　samples　of

EDTA－treated　whole　blood　were　incubated　for　30　min－

utes　at　4°C　with　l　Oμl　of　FITC－or　PE－conjugated　mono－

clonal　antibodies，　with　shaking　at　10　minute　intervals．

The　samples　were　then　hemolyzed　and　fixed　with　FACS

lysing　solution（Becton　Dickinson，　Mountain　View，

CA）．　They　were　then　washed　once　and　subjected　to　two－

color　flow　cytometry　to　determine　the　percentages　of

each　lymphocyte　subset　in　the　total　lymphocyte　popu－

lation．　Absolute　counts　of　lymphocyte　subsets　in　whole

blood　were　calculated　as　the　products　of　the　percentages

of　each　iymphocyte　subset　and　the　absolute　lymphocyte

count　obtained　with　an　automated　leukocyte　differen－

tial　system，　Total　Hematology　Management　System　H－

6000（Technicon，　Tarrytown，　NY）．

Stα重is重iCS

The　statistical　significance　of　differences　in　the　amounts

of　sCD4　and　sCD8　molecules，　and　in　percentages　of　T　cell

subsets　was　evaluated　by　the　Mann－Whitney　U－test，　be－

cause　of　unequal　variances．　Correlations　were　established

using　Pearson’s　correlat輌on　coefficient．

AMERICAN　JOURNAL　OF　REPRODUCTIVE　IMMUNOLOGY　VOL．36，1996



222　／WATANABE　ET　AL．

RESULrs

C㎞nges　m　sCD4倣d　sCD8　CoηceMrαt拓れs

The　serum　concentrations　of　sCD4　were　significantly

lower　in　the　first，　second，　and　third　trimesters　of　pregnancy

［n＝36，14、2±2．2（S．E．）U／ml，　P＜0．0001；nニ29，15．4±4．2

U／ml，　P＜0．0001；and　n＝29，　l　l．1±1．6　U／ml，　P＜0．0001，

respectively］than　in　the　non－pregnant　controls（n＝25，44」

±6．l　U！ml）（Fig．1a）．　The　serum　concentration　of　sCD4

1month　postpartum（nニ29，27．9±4．2　U／ml，）was　signifi－

cantly　higher（」P＜0．001）than　the　concentration　in　the　third

trimester　of　pregnancy，　but　was　still　significantly　lower

（P＜0．05）than　in　the　non－pregnant　controls．　The　sCD4　con－

centrations　4，7，　and　l　O－12months　postpartum（n＝22，31．9

±4．9U／ml；n＝15，32．5±4．4　U／ml；and　n＝22，41．4±5．8

U／ml，　respectively）were　not　significantly　diffξrent　from

the　concentration　in　the　non－pregnant　controls．

　　The　serum　concentration　of　sCD8　was　not　significantly

different　either　during　or　after　pregnancy　compared　with

the　concentration　in　the　non－pregnant　controls（n＝25，227．5

±22．4U／ml）（Fig．　lb）．　However，　the　concentration　of

sCD81month　postpartum（n＝29，243．7±15．9　U／ml，
P＜0．Ol）was　significantly　higher　than　that　in　the　third　tri－

mester（nニ29，187．0±9．6　U！ml）．

　　The　sCD4／sCD8　ratio　was　significantly　lower　during

pregnancy（first　trimester：nニ36，0．079±0．Ol5，　P＜0．0001；

second　trimester：nニ29，0．080±0．020，　P＜0．0001；and　third

trimester：n＝29，0．063±0．009，　P＜0．0001）and　l　month

postpartum（n＝29，0．129±0．023，　P＜0．01）than　in　the　non－

pregnant　controls（n＝25，0．217±0．027）．　There　was　no　sig－

nificant　difference　between　the　sCD4／sCD8　ratios　in

non－pregnant　controls　and　in　women　4，7，0r　l　O－12months

postpartum・

Chαnges　m　Absol川e　Coμ醜qf　

CD4＋T　Cellsαぱ

CD8＋TCells
The　absolute　counts　of　peripheral　CD4＋Tcells　were　sig－

nificantly　lower　in　the　first　and　second　trimesters（n＝12，

549．1±42．2，」P＜0．001；n＝14，510．3±65．6，P＜0．005，　re－

spectively）than　in　the　non－pregnant　controls（n＝20，854．4

±56．2）．．The　absolute　counts　of　CD8＋Tcells　were　lower

in　the　second　trimester　of　pregnancy（n＝14，389±44．9，

P＜0．05）than　in　the　non－pregnant　controls（nニ20，4735±

36．5）（Fig．2）．

　　The　ratio　of　CD4＋cells／CD8＋cells　was　not　significantly

different　during　pregnancy　and　postpartum　compared　with

that　in　the　non－pregnant　controls（n＝20，151±0．02）．

Corre｛αれon　BetweeれSolμble　Pro舵msαnd　T

Cell　Sμbsets

There　was　a　significant　correlation　between　the　serum　con－

centration　of　sCD4　and　the　absolute　number　of　peripheral

CD4＋Tcells　in　l　O7　women（20　non－pregnant，38　preg－

nant，　and　49　postpartum）（r＝0．392，　P＜0．001），　but　there　was

◎MUNKSGAARD，　COPENHAGEN

no　significant　correlation　between　the　concentration　of

sCD8　and　the　absolute　number　of　CD8＋Tcells．　There　was

no　correlation　between　the　concentration　of　sCD4（or

sCD8）and　the　percentage　of　CD4＋（or　CD8＋）Tcells　in

the　total　lymphocyte　population．

C友ηgθぷ加ぷCD4／CD4＋Cε〃ぶαη4ぷCD8／CD8＋Cε〃ぷ

The　ratio　of　the　serum　sCD41evel　to　the　number　of　CD4＋

cells　in　peripheral　blood（sCD4／CD4＋cells）was　signifi－

cantly　lower　during　pregnancy（first　trimester，　n＝12，［0．6

±0．3（S．E．）］×10－2，　P＜0．0001；second　trimester，　n＝14，［0．4

±0．2］×10’2，P＜0．0001；and　third　trimester，　n＝14，

［0．4×0．1］×10’2，P＜0．0001）than　in　non－pregnant　controls

（n＝20，［3．3±0、7］×10’2）；the　ratio　had　partially　recovered

lmonth　postpartum（n＝15，［1．8±05］×10－2，　NS）（Fig．3）．

The　ratio　then　dechned　slightly　from　l　to　7　months　post－

partum　and　had　completely　recovered　l　O－12months　post－

partum（n＝13，［2．4±0．4］×10’2，　NS）（Fig3）．

　　The　ratio　of　sCD8／CD8＋cells　was　significantly　higher

in　the　first　and　second　trimesters　of　pregnancy（first　tri－

mester，　nニ12，［6．3±1．3（S．E．）］×10’1，　P＜0．05；second　tri－

mester，　nニ14，［6．6±1．4（S．E．）］×10’1，　P＜0．05）than　in

non－pregnant　controls（n＝20，［4．0±0．1］×1σ1）and　had　re－

covered　to　the　normal　level　in　the　third　trimester（Fig．3）．

The　ratio　of　sCD8／CD8＋cells　was　then　slightly，　but　not

significantly，　increased　l　month　postpartum（nニ15，［4．8±

0．5】×10’1，NS），　declining　slightly廿om　l　to　7　months　post－

partum，　and　slightly　increasing　again　from　7　to　10－12

months　postpartum（n＝13，［4．9±0．7］×10’1，NS）（Fig．3）．

DISCUSSION

Soluble　CD4　and　CD8　are　the　soluble　counterparts　of

membrane－bound　CD4　and　CD8，　and　are　shed　from　CD4＋

and　CD8＋Tcells，　respectively．26　These　membrane－bound

proteins　are　important　for　T　cells　to　recognize　specific　an－

tigens　presented　by　antigen－presenting　cells　or　target　cells，

and　to　induce　specific　immune　responses．27　However，　the

functions　of　sCD4　and　sCD8　have　not　been　yet　clarified．

Many　clinical　findings　for　sCD4　and／or　sCD8　have　been

reported　in　various　diseases28づ2’34－37；however，　to　our

knowledge，　there　are　no　reports　on　sCD4　and　sCD8　dur－

ing　and　after　pregnancy．

　　Semm　levels　of　sCD4　are　increased　in　autoimmune　dis－

eases，　such　as　rheumatoid　arthritis，29　systemic　lupus　erythe－

matosus，30　and　Sj6gren　syndrome，34　and　in　viral　infections，

such　as　measles35　and　human　immunodeficiency　virus

（HIV）infection．361n　rheumatoid　arthritis，　interestingly，

serum　levels　of　sCD4　were　correlated　positively　with　lev－

els　of　soluble　interleukin－2　receptor（sIL－2R），　and　fell　pre－

ceding　clinical　improvement．29　These　reports　suggest　that

increased　levels　of　serum　sCD4　renect　increased　immu－

nological　activity　or　abnormalities．

　　In　this　study，　we　found　that　senlm　levels　of　sCD4　were

decreased　during　pregnancy．　The　ef民ct　exerted　by　hemodi一
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Fig．2．　Changes　in　absolute　count　of　CD4＋and　CD8＋Tcells　during　and　after　pregnancy．

　hltion　on　the　decrease　of　sCD4　during　pregnancy　does　not

　　appear　to　be　important，　since　we　found　that　the　level　of

　　sCD4　was　about　70％lower　during　pregnancy　than　the

　level　in　the　non－pregnant　controls；in　contrast　with　the　re－

　ported　10－20％decrease　in　the　level　of　hemoglobin38　and

　the　approximately　30％decrease　in　albumin39　brought

　about　by　hemodilution　during　pregnancy．　The　level　of

　sCD4　increased　rapidly　after　delivery　and　recovered　to　the

　non　pregnant　level　4　months　postpartum．　The　decrease　of

　sCD4　during　pregnancy　indicates　that　matemal　immuno－

　logical　activity　may　be　suppressed　during　pregnancy，　as

　has　been　shown　in　previous　studies．4〔）42　However　there　are

some　reports　showing　that　systemic　supPression　is　not　nec－

　essary　for　pregnancy．43・44

　　　Weak　correlation　between　the　serum　levels　of　sCD4　and

　the　numbers　of　peripheral　CD4＋cells　suggests　that　the　de－

　crease　in　senlm　sCD41evels　during　pregnancy　is　caused，

　in　part，　by　a　decrease　in　the　number　of　CD4＋cells．　We　also

　found　that　the　ratio　sCD4／CD4＋cells　was　decreased　dur－

　ing　pregnancy．　This　indicates　that　the　shedding　of　sCD4

　廿om　CD4＋cells　is　decreased　during　pregnancy，　and　that

　the　decrease　in　senlm　sCD41evels　during　pregnancy　is　due

mainly　to　this　decrease．　Fuれhe㎜ore，　it　has　also　been　sug－

gested　that　the　activity　of　CD4＋Thelper／inducer　cells　is

decreased　during　pregnancy．29

　　Soluble　CD81evels　are　increased　in　systemic　lupus

erythematosus30　and　in　insulin－dependent　diabetes　melli－

tus，37　whereas，　on　the　other　hand，　sCD8　is　decreased　in

rheumatoid　arthritis28　and　in　Sj6gren　syndrome．34　Although

serum　levels　of　sCD8　show　various　changes　in　autoim－

mune　disease，　levels　are　increased　in　infectious　diseases

such　as　EBV－induced　infectious　mononucleosis，31
measles，32　and　HIV　infection．36　We　found　no　correlation

between　the　serum　levels　of　sCD8　and　the　absolute　num－

ber　of　peripheral　CD8＋cells，　but　it　has　been　reported　that

the　levels　of　sCD8　were　positively　correlated　with　the

number　of　peripheral　HLA－DR＋CD8＋Tcells．31’451t　has

also　been　reported　that　the　release　of　sCD80ccurs　at　an

early　stage　in　the　activation　of　cytotoxic　T　cells．10　Thus，　it

is　suggested　that　serum　levels　of　sCD8　reflect　the　activity

of　cytotoxic　T　cells．

　　In　this　study，　we　found　that　sCD8　was　increased　signifi－

cantly　in　l　month　postpartum　compared　to　the　level　in　the

3rd　trimester　of　pregnancy，　suggesting　that　cytotoxic　T

◎MUNKSGAARD，　COPENHAGEN
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cells　may　be　activated　l　month　postpartum．　This　possibil－

ity　is　supported　by　clinical　findings　showing　that　destruc－

tive　exacerbation　of　autoimmune　diseases，　such　as

rheumatoid　arthritis　and　autoimmune　thyroid　disease，　oc－

curs　1－3　months　postpartum．25’461nterestingly，　the　density

of　CD8　molecules　on　CD8＋cells　was　reported　to　be　de－

creased　during　the　exacerbation　of　autoimmune　thyroid

disease，47　suggesting　an　increase　in　the　shedding　of　CD8

moiecules　fヤom　CD8＋cells．　The　relative　increase　in　the　ra－

tio　of　sCD8／CD8＋cells　l　month　postpartum　may　also　lend

support　to　this　idea，　although　it　was　not　significant．

　　It　is　very　interesting　that　the　ratios　of　sCD4／CD4＋cells

and　sCD8／CD8＋cells　changed　in　an　opposite　manner　in

the　first　and　second　trimesters　of　pregnancy，　whereas　both

ratios　changed　in　a　parallel　fashion廿om　the　third　trimes－

ter　of　pregnancy　throughout　the　postpartum　period　to

10－12months　postpartum（Fig．3）．　In　the　light　of　the　cor－

relation　between　the　activities　of　CD4＋or　CD8＋cells　and

the　release　of　sCD40r　sCD8，　respectively，29’31’45　the　in－

crease　in　the　ratio　of　sCD8！CD8＋cells　and　the　marked　de－

crease　in　the　ratio　of　sCD4／CD4＋cells　in　the　first　and

second　trimesters　of　pregnancy　suggests　that　suppressor／

cytotoxic　T　cells（CD8＋cells）are　activated　and　stimulated

to　release　sCD8，　and　that　helper／inducer　T　cells（CD4＋

cells）are　suppressed，　reducing　the　release　of　sCD4．　It　has

been　reported　that，　in　non－pregnant　women，　the　release　of

sCD8　increases　during　the　early　stage　of　cytotoxic　T　cell

activation．10　However，　it　is　possible　that　suppressor　T　cells

may　be　activated　in　the　first　and　second　trimesters　of　preg－

nancy，　since　cytotoxic　T　cell　activity　is　suppressed　during

pregnancy．481f　suppressor　T　cells　are　so　activated，　then也is

opposite　change　in　the　ratios　of　sCD4／CD4＋cells　and
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sCD8／CD8＋cells　during　early　and　middle　pregnancy　may

be　related　to　the　maintenance　of　pregnancy．　In　any　case，

these　different　changes　in　the　ratios　of　sCD4／CD4＋cells

and　sCD8／CD8＋cells　between　the　nrst　and　second　and　the

third　trimester　of　pregnancy　indicate　that　matemal　immune

dynamics　are　very　different　between　early　and　middle

pregnancy　and　late　pregnancy．

　　The　ratio　of　CD4＋Tcells　to　CD8＋Tcells（CD4／CD8

cell　ratio）is　often　used　as　a　marker　of　immunological　ac－

tivity，49　but　this　cell　ratio　was　not　signincantly　changed

during　pregnancy，6　However，　we　found　that　the　serum

sCD4／sCD8　ratio　decreased　markedly　during　pregnancy

and　recovered　4　months　postpartum，　showing　changes

similar　to　those　in　serum　sCD41evels．　Considering　the　in－

creased　susceptibility，　during　Pregnancy，　to　viral　infbction

and　virus　reactivation，15　and　the　amelioration　of　autoim－

mune　disease，16’17　these　findings　suggest　that，　during　preg－

nancy，　serum　sCD41evels　and　the　sCD4／sCD8　ratio，　as

well　as　the　ratios　of　sCD4／CD4＋cells　and　sCD8／CD8＋

cells，　may　be　more　useful　as　clinical　indices　of　some　types

of　immunological　activity　than　the　CD41CD8　cell　ratio．
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Euthyroid　Graves’disease　showing　no　thyroid　abnormalities

except　positive　thyroid－stimulating　antibody（TSAb）：two

case　reports

MIKIO　WATANABE，　YOSHINORI　IWATANI，§TAKU　KASHIWAI，　TAKASHI　IIIIMA，

TAKASHI　FUIIKADO†＆NOBUYUKI　AMINO
Frσm　thεDepαrtm¢nts　qf　Lαborαωr8　Medlcine，§αini孤I　Lαborαtorヨscience，αnd†ophth侃lmologμ，　osαkαuniv¢rs吻MedicαI　sc加ol，　suitα，∫αpαn

Abstract．　Watanabe　M，　Iwatani　Y，　Kashiwai　T，

Iijima　T，　Fulikado　T，　Amino　N（Departments　of

Laboratory　Medicine，　Clinical　Laboratory　Science

and　Ophthalmology，　Osaka　University　Medical
School，　Suita，　Iapan）．　Euthyroid　Graves’disease

showing　no　thyroid　abnormalities　except　positive

thyroid－stimulating　antibody　（TSAb）：two　case

rePorts　（Case　report）．1　1nterr1　η1ed　1995；　238：

379－84．

We　report　two　cases　of　euthyroid　Graves’disease　in

women　who　had　ophthalmopathy　with皿t　previ皿s

history　of　hyperthyroidism．　Enlargement　of　extra－

ocular　muscles　was　observed　by　magnetic　resonance

imaging（MRI）．　The　patients　had　no　thyroid　en－

largement　and　their　serum　concentrations　of仕ee　T4，

仕ee　T3，　and　TSH　were　normal．　The　sera　were　negative

Ibr　antithyroid　microsomal　and　thyrogobulin　anti－

bodies，　and　anti－TSH　receptor　antibodies　measured

by　radioreceptor　assay．　T3　supPression　test　results

were　normaL　Only　thyroid－stimulating　antibody

（TSAb）measured　by　sensitive　bioassay　was　positive．

These　6ndings　indicate　that　sensitive　TSAb　is　the

most　use姐laboratory　test　in　the　diagnosis　of

euthyroid　Graves’disease．

Keywords：euthyroid
mopathy，　TSAb．

Graves’　disease，　ophthal一

Introduction

Graves’thyrotoxicosis　is　caused　by　thyroid－stimu－

lating　antibody（TSAb），　and　is　onen　associated　with

ophthalmopathy　consisting　of　a　combination　of
symptoms　and　signs　such　as　proptosis，　lid　retraction，

extraocular　muscle　dyshlnction，　diplopia，　eyelid

edema，　and　optic　neuropathy．　However，　the　cause　of

the　ophthalmopathy　is　still　unknown．　Some　patients

with　Graves’ophthalmopathy　never　develop　hyper－

thyroidism　and　some　even　have　associated　hypo－

thyroidism［1，2］；these　types　of　the　disease　are

　　　コ

◎1995Blackwell　Science　Ltd

termed　euthyroid　Graves’disease［3，4］and　hypo－

thyroid　Graves’disease，　respectively．　These　patients

o仕en　have　small　goitre　and／or　positive　antithyroid

antibodies　indicating　autoimmune　thyroid　abnor－

mality［3，4］．　In　this　report，　we　describe　two　patients

with　nongoitrous　euthyroid　Graves’disease　in　whom

Iaboratory　data，　such　as　TSH　binding　inhibitor

immunoglobulins（TBII），　antimicrosome　antibodies

（McAb），　antithyroglobulin　antibodies（TgAb），　and

T3－supPression　test，　were　all　nOrmal　but　in　whom

thyroid－stimulating　antibody　was　positive．

379
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Case　report

Pαがρ’lt　1

A40－year－old　woman　was　re企rred　to　our　clinic　in

May，1993，because　of　diplopia　and　pain　of　the　right

eye．　She　was　euthyroid　and　showed　no　symptoms

suggestive　of　hyperthyroidism．　Thereafter，　she　was

treated　with　prednisolone（5－1（．）mg　day－1）until

Iuly，1993．

　　Physical　examination　revealed　that　her　height　was

172cm　and　weight　was　60　kg．　Her　blood　pressure

was　I　lO／60　mmHg，　and　pulse　rate　72　beats　min－l

with　regular　rhythm．　Grae飴’s　sign　and　lid　retraction

were　observed　in　the　right　eye．　Right　hypotropia　at

the　primary　position　and　disturbance　of　right　eyeball

movement　at　the　upper　lateral　view　were　observed．

The　proptosis　was　21mm　Ibr　the　len　eye　and　23mm

ibr　the　right，　with　a　baseline　of　104　mm，　measured

with　a　Herters　ophthalmometer（normaL　less　than

l8mm）．　The　thyroid　gland　was　not　palpable．　No

abnormalities　of　the　heart，　chest　or　abdomen　were

detected，　and　the　deep　tendon　reflexes　were　normal．

　　Swelhng　of　both　the　right　lateral　and　right　in企nor

rectus　muscles　were　detected　by　magnetic　resonance

imaging（MRI）（Fig．1）．　Laboratory　studies　revealed

mild　hypercholesterolaemia　but　no　abnormality　of

urinalysis　results（data　not　sh〔）wn）．　Thyroid　function

studies　revealed　euthyroidism（Table　1）．　The　serum

TSH　concentration　was　normaL　and　antithyroid

autoantibodies（McAb，　TgAb，　and　TBII）were　all

negative，　TBII　was　nleasured　by　a　commercial　kit　of

radioreceptor　assay（TRAb’Cosmic’：Cosmic　Co．，

Tokyo，」apan），　Her　thyroid　uptake　of　12：31　was

suppressed　after　7－day　treatment　with　75μg　day　l　of

T3．　The　only　positive　laboratory　test　related　t（）the

thyroid　was　TSAb（508％；110rmal　range　less　than

140％）in　serum．　Thus，　her　illness　was　diagnosed　as

euthyroid　Graves’disease．

　　To　improve　the　limitation　of　eye　movement，　we

applied　external　radiotherapy　and　intend　to　perF）rm

surgical　recession　of　the　extraocular　muscle．

P‘r亡fβM2

A38－year－old　woman　was　re飴rred　to　our　clinic　in

September，1991，　because　of　diplopia。　limitation　of

right　eyebal】movement，　and　right　eyelid　oedema．　In

August．1990，　an　ophthalmologist　at　our　hospital

had　not　detected　any　organic　abnormalities　except

enlargement　of　the　bilateral　medial　rectus　muscle

examined　by　MRI｛Fig．2｝．　The　patient　was　euthyroid

and　had　no　symptoms　suggestive　of　hyperthyroidism．

Thereafter，　she　had　been　treated　with　prednisolone

（10－20n〕g　day－1）．

Fig．10rbita［MRI　showing
s、veHings　of　right　lateral　and

inl℃riOr　rectllS　II］11scles　｛illdicated

by　arrows）hl　patienl　l．

◎　1995　BlackweH　ScielK・e　Ltd／ot∫rPI‘r’（！1「1’rl（・｝”r‘fL～・1｛’di（1iPI（・238：　〕79－384
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Table　I　No　thy「（，i（l　abnornlahties　except　that　of　TSAb、、℃re　detccled　m　eitllcr　pa（ient

Free　T
　　　　　　　

Frec　’r3

TSH
TBIl

McAB
TgAb
Tg

T3　suppreSSIon　lest

TSAb

Patient　l

　　l．2119dL　l

　　　3．lpgdL　I

　　l．8μUlnL　｝

　　8％

Negative
＜　（），ハ　U　IIll∠　1

　13．8ngn1L　l

　ll．4→5，31％

508％

1）atiel］t　2

　　］．ll19dL　l

　　5．OpgdL　｜

　　　L6μUIl1L　1

　　5％

Negative
＜　〔｝，3　〔I　n1［，．1

　］2，3n19111L　l

　l8．弓→6．51κ，

240（ノ6

Normal

＜

　　　rallge

　O．8－1．4119dL　l

　2．8－5．8pg　dL　l

　O，6一ハ．7μUIl1L．．1

12％
Negalive
　　　＜　（）．3　11　n】L．・1

　＜45rlg　rnL－1

〈　　1470《｝6

Fig．2　0rbital　MRI　sho、、・illg

s、velhng　of　bilateral　nlcdial　rec｛us

lnuscles〔hldiCilted　bv　arr‘）ws｝in

PanCI112．
L

　　Physical　examilltltioll　revealed　that　her　height　was

l62　cm　and　weight　was　45．2　kg．　Her　blood　pressllre

was　l46／82　tnnコHg，　aIld　pulse　rate　72　beats　Illhl　l

with　regular　rhyth［n．　Graeflごs　sign　and　lid　retractioll

were　observed　in　the　right　eye．　Disturbtmce　of　right

evebalhllovelnellt　vtlas　observed　ill　right　lateral　vie、v

◎　1995　BlackWdl　Sciellce　Ltd∫Olfη1‘f∫‘り∫ハ！fCrrπ‘1］、、f《・djピ加ピ238：　ハ79一ハ8斗
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Fig．3Limitation　of　eye　movement

on　right　Iateral　view　in　patient　2．

Disturbance　of　right　eyeball

mOvement　iS　seen．
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Fig．4Changes　of　TSAb　activity

and　the　dose　of　prednisoIone　in

patient　2，　The　TSAb　activities

changed　in　parallel　with　the

severity　of　her　eye　symptoms，

（Fig．3）．　However，　the　proptosis　was　16mm五）r　both

eyes　with　a　baseline　of　102　m．　The　thyroid　was　not

palpable．　No　abnorlnalities　of　the　heart，　chest　or

abdomen　was　detected．The　deep　tendon　reHexes　were

normal．

　　r・aboratory　studies　revealed　slight　Ieukocytosis　due

to　the　eHect　of　prednisolone　treatment，　and　normal

urinalysis　values（data　not　shown）．　Biochemical　tests

disclosed　hypercholesterolaemia　and　low　level　of

creatine　kinase（data　not　shown），　Thyroid　function

studies　revealed　euthyroidism　and　no　thyroid　ab－

normalities　except　TSAb，　which　showed　activity　of

240％（Table　1）．　Thus，　her　illness　was　diagnosed　as

euthyroid　Graves’disease，

　　The　symptoms　were　kept　under　good　control

with　prednisolone（5－20mg　day－1）．　However，　in

November，1993，　the　right－eye　sylnptoms　intensiHed

and　oedema　of　the　len　eyelid　was　noted．　Therefore，

we　increased　the　dose　ofprednisolone　to　60　mg　day－l

and　apPlied　exterrlal　radiotherapy　to　the　bilateral

◎　1995Blackwell　Sciencc　Ltd　lol↓r’π11（ヅ∫η1（・r’1αfルr（，did）1（・238：ハ79－384
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extraocular　muscle　R）r　2　weeks（total　20　Gy）in

December　1993．　The　changes　in　the　patient’s　TSAb

activities　during　the　course　of　treatment　are　shown

in　Fig．4．　The　TSAb　activities　changed　in　parallel

with　the　severity　of　her　eye　symptoms．

Discussion

Ophthalmopathy，　which　is　one　of　the　extrathyroidal

components　of　Graves’disease，　sometimes　emerges

in　euthyroid　patients　with　no　history　of　thyrotoxi－

cosis．（euthyroid　Graves’disease）．　The　pathogenesis

of　the　ophthalmopathy　in　Graves’disease，　euthyroid

or　otherwise，　is　still　unknown．　Because　lymphocytic

infiltration　is　observed　in　the　retro－orbital　tissue，　it

has　been　suggested　that　an　autoimm皿e　reaction

against　the　retro－orbital　tissue　is　the　cause　of　Graves’

ophthalmopathy［3－5］．

　　The　hyperthyroidism　in　Graves’disease　is　caused

by　autoantibodies　against　TSH　receptor，　which

stimulates　the　production　of　thyroid　hormone　by

thyroid　epithelial　cells．　TBII，　measured　by　a　kit　of

radioreceptor　assay（TRAb‘Cosmic’）can　be　detected

in　ab皿t　95％of　patients　with　Graves’disease．　With

amore　sensitive　bioassay，　TSAb　is　Ibund　in　almost　alI

patients　with　Graves’disease［1］．　Consistent　with

this，　distribution　analysis　has　revealed　exophthalmos

in　almost　all　patients　with　Graves’disease［6］．

Patients　with　euthyroid　Graves’disease　o｛ten　show

some　abnormalities　upon　thyroid　examination［4］．

The　reported　incidence　of　various　thyroid　abnor－

malities　is　as　Ibllows：presence　of　thyroid　enlarge－

ment，24－40％；low　TSH，14－23％；no　or　low

response　of　TSH　to　TRH，40－63％；high　thyroid

uptake　of　1231，　about　20％；negative　T3－supPression

test，30－73％；positive　TgAb，11－67％；positive

McAb，18－60％；positive　TBII，31－36％；and　positive

TSAb，43－87％［1，7－12］．　Amongst　these　abnor－

malities，　that　of　TSAb　can　be　detected　most　often　in

euthyroid　Graves’disease，　We　recently　detected　TSAb

in　the　serum　of　93％of　our　patients　with　euthyroid

Graves’disease　by　using　an　ultrasensitive　assay　for

TSAb　we　have　developed，　which　detects　O．1μU　mL－1

0f　bTSH　and　is　one　th卯sand　times　more　sensitive　on

the　basis　of　the　bTSH　than　the　TBII　assay（［13，14］，

and　unpublished　data）．　This　incidence　was　almost

the　same　as　that　in　patients　with　hyperthyroid

Graves’disease．　Furthermore，　this　TSAb　assay　was

usef㎞l　in　the　prediction　of　the　onset　of　Graves’disease

after　delivery［14］．　However，　it　was　reported　that　in

a允whyperthyroid　Graves’disease　patients，　neither

radioreceptor　assays　nor　bioassays　could　detect　any

antibodies［15］．　Subsequent　to　radioiodine　therapy，

TSH　receptor　antibodies　appeared　in　almost　all　of

their　patients．　Considering　all　of　this，　a　local　pro－

duction　of　TSAb　within　the　thyroid　gland，　and

possibly　in　retro－orbital　tissue，　is　important　in　the

patients　with　Graves’disease　associated　with　ophthal－

mopathy．　Moreover，　follow－up　study　is　essential　in

these　patients．

　　Our　patients　showed　no　goitre，　with　euthyroidism，

normal　TSH　concentration，　normal　1231　uptake，

normal　T3　suppression，　and　negative　McAb，　TgAb，

and　TBII．　However，　their　ocular　symptoms　and　the

enlargement　of　the　extraocular　muscles　demon－

strated　by　MRI　were　typical　nndings　in　Graves’

ophthalmopathy．　Furthermore，　TSAb　activities　were

positive　as　measured　with　out　ultrasensitive　assay．

Thus，　we　diagnosed　them　as　having　euthyroid

Graves’disease．　Whilst　there　are　many　reports

regarding　this　disease，　this　is　the　fh8t　report　to　our

knowledge　of　patients　with　euthyroid　Graves’disease

showing　no　thyroid　abnormalities　other　than　positive

TSAb．

　　It　was　recently　reported　that　TSH　receptors　are

present　on　retro－orbital　tissue［16］．　There丘）re，　TSH－

receptor－antibody－stimulating　thyroid　cells（TSAb）

might　also　stimulate　or　interact　with　retro－orbital

tissue，　causing　ophthalmopathy．　Indeed，　the　change

in　TSAb　activity　almost　paralleled　the　extent　of

ophthalmopathy　in　our　patients．　Furthermore，　we

R）und　that　the　TSAb　activity　was　also　related　to　the

degree　of　ophthalmopathy　in　patients　with　hypo－

thyroid　Graves’disease，　who　present　Graves’

ophthalmopathy　and　TSAb，　but　are　hypothyroid

because　of　the　practical　destruction　of　the　thyroid

［2］．Given　these　considerations，　TSAb　might　be

important　in　the　development　of　Graves’ophthalmo－

pathy，

　　The　mechanism　by　which　euthyroid　condition　was

maintained　in　our　patients，　even　though　they　had

positive　TSAb，　is　unknown，　but　it　might　be　that　the

TSAb　activity　was　not　high　enough　to　cause　hyper－

thyroidism　or　because　of　the　presence　of　a　suppressive

mechanism　against　TSAb　stimulation．　Alternatively，

an　antigenic　epitope　on　the　TSH　receptor　recognized

by　TSAb　in　euthyroid　Graves’disease　may　dif【br丘om

that　in　usual　Graves’disease，　or　there　may　be　other

dif丘rences　between　the　two　fbrms　of　the　disease．

　　In　any　event，　the　measurement　of　TSAb　in　patients

◎1995Blackwell　Science　Ltd　lourηα1　q∫Intεr顕LM¢diciηe　238：379－384
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who　have　ophthalmopathy　without　other　thyroid

abnormalities　is　essential　to　accurate　diagnosis．
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