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　　　The　effects　of　various　methods　for　removal　of　monocytes　and　residual　erythrocytes　from　human

peripheral　blood　mononuclear　cells（PBMC）on　T　cell　subsets　were　examined、　T　cell　subsets　were

determined　in　a　fluorescence　activated　cell　sorter（FACS）using伽orescein－co呵’ugated　monoclonal

antibodies（anti－Leu－1，anti・Leu－2a　and　ami－Leu－3aantibodies）．　Removal　of　monocytes　by　methods　based

on　adherence　or　phagocytosis　decreased　yields　of　lymphocytes　and　caused　changes　in　the　percentage

and／or　the　nuorescence　intensity　of　T　cell　subsets．　Exclusion　of　monocytes　from　the　FACS　analysis　by

setting　of　the　scatter　gates　was　incomplete（about　80％）、　Removal　of　residual　erythrocytes　after　Ficoll

separation　by　ammonium　chloride　treatment　also　changed　the　percentage　of　T　cell　subsets．　A　method

using　PBMC　without　removal　of　monocytes　and　erythrocytes　was　chosen　as　best　and　simplest　for　routine

use　in　FACS　analysis　of　lymphocytes．　Erythrocytes　could　be　excluded　fronl　the　FACS　analysis　by　setting

the　scatter　gates　and　the　percemage　of　T　cell　subsets　was　corrected　after　measurement　of　monocytes，

三dentified　by　peroxidase　staining．

　　　The　reproducibility　of　measurements　of　T　cell⑨ubsets　made　at　different　times　was　examined　using

PBMC　obtained　from　the　same　healthy　man　du血g　l　2　weeks．　For　standardization　of　the　assay，　the　peak

positions　of　scatter　and　fluorescen㏄intensity　of　each　PBMC　labeled　with　anti－Leu－3a　were　a（巧usted　to

standard　values　in　each　FACS　analysis．　Under　these　conditions，　variations　of　other　parameters　of　this

standard　PBMC　were　very　small　in　12　different　assays．　Using　this　standard　PBMC，　satisfactory，

reproducible　results　were　also　observed　on　PBMC　obtained　from　another　normal　sulヵect．　Therefore，　this

standard　PBMC　labeled　with　anti－Leu－3a　was　used　as　a　standard　in　FACS　analysis．　Under　these

accurately　standardized　conditions，　it　was　demonstrated　that　the　peak　position　of　fluorescence　intensity　of

Leu－2a（suppressor／cytotoxic　T）㏄11s　was　significantly　lower（P＜0．01）in　women　than　in　men．
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1ntroduction

　　Human　T　cell　subsets　may　be　identified　with　antibodies　that　detect　stable

glycoprotein　antigens　oll　their　surface．　The　importance　of　a　balance　between　helper

and　suppressor　T　cells　in　maintaining　immune　homeostasis　in　various　diseases　has

been　illustrated　using　these　antibodies（Reinherz　and　Schlossman，1981）．

　　Various　methods　for　isolation　of　humall　peripheral　lymphocytes　have　been　used

in　fluorescence　activated　cell　sorter（FACS）analysis，　but　few　data　are　available　on

the　relative　merits　of　different　separation　methods，　especially　those　designed　to

remove　monocytes　and　erythrocytes．　Peripheral　blood　mononuclear　cells　of　normal

sutj　ects　isolated　by　density　gradient　centrifugation　contain　10－20％of　contaminat－

ing　monocytes　and　those　of　pregnant　women　and　patients　with　infections　contain

20－40％of　contaminating　mollocytes．　Cells　from　pregnant　women　and　patients　with

anemia　are　also　heavily　contaminated　with　erythrocytes．　These　contaminating　cells

may　influence　the　analysis　of　T　Cell　subsets，　but　the　effects　of　various　methods　of

removal　of　monocytes　and　erythrocytes　on　the　determination　of　T　cell　subsets　by

FACS　analysis　are　unknown．

　　In　FACS　analysis　the　percentage　of　fluorescence－positive　cells　and　the　peak

position　or　pattern　of　the　fluorescence　histogram　are　analyzed．　The　peak　position　of

fluorescence　intensity　is　generally　thought　to　be　proportional　to　the　antigen　density

on　the　cell　surface（Herzenberg　and　Herzenberg，1978；Ledbetter　et　al．，1980）．

However，　no　data　are　available　on　the　position　of　the　peak　of　fluorescence　intensity

of　human　lymphocytes．　Therefore，　we　studied　the　effects　of　various　methods　of

isolation　of　lymphocytes　for　FACS　analysis　and　the　most　suitable　method　for

routine　use　in　FACS　analysis　of　human　peripheral　lymphocytes．　We　also　evaluated

the　significance　of　the　peak　position　of　nuorescence　intensity．

Materials　and　Me也ods

Prepα剛ion（寸pe吻herα1’blood　mononucleαr　cells（PBMC）

　　Samples　of　10　ml　of　heparinized　venous　blood（15Upreservative－free　hepa血／ml）

were　obtained　from　healthy　vobnteers．　Samples　were　always　drawn　at　10：00－11：00

a．m．　Standard　PBMC　for　standardization　of　the　FACS　analysis　were　obtained　from

one　of　us（Y．1．）at　10：30－ll：00　a．m　once　a　week．

　　The　heparinized　venous　blood　was　mixed　with　an　equal　volume　of　Dulbecco’s

phosphate－buffered　saline（PBS），　and　20　ml　of　this　diluted　blood　was　layed　on　15　ml

of　Fico11－sodiUm　metrizoate　solution（density　l．077　g／ml），　and　centrifuged　at

400×gfor　30　min．　The　mononuclear　cells　at　the　interface　were　washed　3　times　and

resuspended　in　PBS　at　a　concentration　of　1×106　cells／mL　For　routine　analyses，6

ml　samples　of　hepa血ized　venous　blood　were　used．

Remoめαl　o∫monocytes∫γom　PBMC

　　メ㎝θ励ce〃1ε’力04　PBMC　were　incubated　in　plastic　tissue　culture　dishes（No．

3002，Falcon　Plastics）at　37°C　under　5％CO2　for　l　h　in　4　ml　of　medium　199（with
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Hanks’solution；Flow　Laboratories，　McLean，　VA）containing　10％fetal　calf　semm

（FCS）（Flow　Laboratories，　Stanmore，　NSW）．　Nonadherent㏄11s　were　then　obtained

by　gently　rocking　the　plastic　dish　for　30　sec　and　aspirating　the　supematant．　These

cells　were　washed　twice　and　resuspended　in　PBS　at　a　concentration　of　1×106

cells／mL

　　、P乃αgoOノτo∫」ぷ〃2ε功04　Ten　milliliters　of　heparinized　peripheral　venous　blood　were

incubated　with　l　ml　of　5％　suspension　of　silica（silicon　deoxide；Japan　Im－

munoresearch　Laboratories，　Tokyo）in　PBS　at　37°C　for　l　h　in　a　glass　tube　with

gentle　mixing　every　l　O　min，　and　then　centrifuged　on　Ficol1－sodium　metrizoate

solution　at　1040×gfor　30　min．　Lymphocytes　from　the　interface　were　washed　3

times　and　resuspended　in　PBS　at　a　concentration　of　1×106　cells／m1．

Remoやαl　o∫ery伽ocytes　fγom　PBMC

　　For　complete　removal　of　residual　erythrocytes　after　Fico11　separation，　PBMC

were　incロbated　with　Tris－buffered　O．83％a㎜o㎡um　chloride　for　10面n，　washed

twice　with　PBS　and　resuspended　in　PBS　at　a　concentration　of　l×106　cells／ml．

Anαlysis　o刊ymphocy’e　pop吻tめns　by　FA　

CS
　　Fluorescein　co切ugated　monoclonal　anti工eu－1，anti－Leu－2a　and　anti－Leu－3a　anti－

bodies（Becton　Dickinson，　Mountain　View，　CA）were　used．　Anti－Leu－1　reacts　with

human　T　cell　antigen（Leu－1），　anti－Leu－2a　with　humall　T　suppressor／cytotoxic　cell

antigen（Leu－2a），　and　anti－Leu－3a　with　human　T　helper／inducer　cell　antigen（Leu－3a）

（Engleman　et　a1．，1981；Evans　et　a1．，1981；Ledbetter　et　al．，1981）．

　　Asample　of　1×106　cells　was　incubated　for　45　min　at　4°C　with　1μg　of

fluorescein　co司ugated　monoclonal　antibody　in　a　total　volume　of　l　OOμl　PBS

containing　2％of　inactivated　FCS　and　O．1％of　sodium　azide．　During　incubation，

tubes　were　covered　with　aluminum　foil　to　exclude　light．　The　cells　were　then　washed

twice　and　resuspended　at　approximately　l　O　6　cells／ml　in　PBS　containing　O、1％

sodium　azide　at　4°C．　Before　FACS　analysis，　the　final　cell　fraction　was　checked　for

monocyte　contamination　by　peroxidase　staining．　The　viability　of　cells　in　each

experiment　was　more　than　95％as　judged　by　trypan　blue　exclusion．

　　Quantitative　fluorescence　measurements　were　made　in　a　FACS　IV（Becton’Dick－

inson　FACS　systems，　Mouhtaill　View，　CA），　which　showed．　the　distribution　of

fluorescence　intensity　over　a　range　of　1－255．　First　the　FACS　was　finely　tuned　to

obtain　the　sharpest　peaks　for　fluorescence　and．scatter　with　standard　chicken

erythrocytes（CRBC）rendered　fluorescent　by　glutaraldehyde　fixation　and　standard

human　PBMC　labeled　with　fluorescein－co輌gated　anti－Leu－3a．　The　peak　positions

for　scatter　and　fluorescence　intensity　of　the　standard　human　PBMC　were　then

a（輌sted　to　correspond　to　standard　values（channel　numbers）on　the　pulse　height

analyzer（150　for　scatter　and　45　for　fluorescence）．　The　initial　conditions　were

maintained　by　re－ru皿ing　the　standard　hulnan　PBMC　after　every　5－10　samples　and

the　FACS　was　rea（Uusted　if　necessary　to　give　the　original　peak　channel　and

sharpness．　In　FACS　analysis　of　each　sample，　a　scatter　histogram　was　obtained　first

and　the　scatter　gate　was　set　to　exclude　erythrocytes　and／or　dead　cells　from　the

fluorescence　histogram．　Then　a　fluorescence　histogram　was　obtained　with　2×104
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live　PBMC，　and　the　threshold（gate）position　for　positivity，　the　count　of　positive　cells

and　the　peak　position　of　fluorescence　intensity　were　recorded．　The　total　count　of

lymphocytes　in　the　fluorescence　histogram　was　determined　by　the　following　calcula－

tion：

1ー peroxidase　positive　percentage

100

）・×1・・

Eαnd　EA　

Cアoset言e　tests

　　Peripheral　T　and　B　lymphocytes　were　also　measured　quantitatively　by　a　micro－

method　for　detection　of　sheep　erythrocyte（E）rosettes　and　ox　erythrocyte－antibody－

complement（EAC）、rosettes，　with　a　comlnercially　available　kit（Japan　Im－

munoresearch　Laboratories，　Tokyo），　as　described　previously（Mori　et　al．，1980）．

Monocyte　contamination　was　checked　in　another　microplate　by　peroxidase　staining、

Finally　the　percentage　of　T　and　B　lymphocytes　were　calculated　by　the　following

formulas　based　on　the　percentages　of　E　rosettes（E％），　EAC　rosettes（EAC％）and

peroxidase　positive　cells（P％）：

T（corrected　E）％＝E× E十EAC
E十EAC－P

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　E十EAC

B（corrected　EAC）％＝（EAC－P）×
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　E十EAC－P

　　Statistical　analyses　were　carried　out　by　Student’sτ一test　for　sex　differences　of　T　cell

subsets　and　the　pairedτ一test　for　other　values．

Results

助ecω∫remo㊨α10∫monocytes

　　Table　I　shows　the　effects　of　2　differenureatments　for　removal　of　monocytes　on

the　lymphocyte　subpopulations　detected　by　E　and　EAC　rosette　formation　in　6

normal　blood　specimens．　With　the　adherence　method，　the　recovery　of　lymphocytes

based　on　the　yield　without　treatment　was　very　low．　Furthermore　the　percentage　of　T

（corrected　E）cells　was　increased　and　that　of　B（corrected　EAC）cells　was　decreased．

With　the　phagocytosis　method　the　yield　of　lymphocytes　was　slightly　reduced　and　the

percentage　of　B（corrected　EAC）cells　was　decreased．

　　Table　II　shows　the　effect　of　these　treatments　on　T　cell　subsets　detected　by　FACS

analysis　in　the　same　6　samples．　With　the　adherence　method　the　percentages　of　Leu－1

cells　and　Leu－3a　cells　were　increased　and　so　the　ratio　of　Leu－3a　to　Leu－2a　cells　was

increased．　With　the　phagocytosis　method　the　percentage　of　Leu－l　cells　was　increased

and　the　positions　of　the　peaks　of　nuorescence　intensity　for　Leu－1，　Leu－2a　or　Leu－3a

cells　were　increased．　We　examined　the　effect　of　incubation　alone　by　incubating

peripheral　blood　from　6　normal　donors　for　l　h　at　37°C　without　addition　of　siUca



TABLE　I

EFFECTS　OF　TREATMENTS　FOR　REMOVAL　OF　MONOCYTES　ON　THE　DETERMINATION　OF　LYMPHOCYTE　SUBPOPULATIONS　BY
MEASURING　ROSETTE　FORMATION
Values　are　means±S．D．　for　6　samples　of　normal　blood．

Yield　of

lymph㏄ytes
％

E
％

EAC
％

Peroxidase

posltlve

％

Tcell（％）

（corrected

E）

Bcell（％）

（corrected

EAC）

No　treatment
Treatment

　adherence

　phagocytosis

100

33．4±　53

75．0±14．2

65．7±4．9

86．0±2．7a

78．8±3．2b

31．9±3．7

14．4±5．1a

l4．3±4．8　a

16．1±3．4

0．3±0」a

O．4±0．2a

78．7：±4．3

86．0：±2．7b

79」±3．3

18．9±3．9

14．2±5．1c

14．0±4．8c

aSignificant　difference　from　value　of　untreatment　group　at　P＜0．001．

bSignificant　difference　from　value　of　untreatment　group　at　P＜0．Ol．

cSignificant　difference　from　value　of　untreatment　group　at　P＜0．05．

TABLE　II

EFFECTS　OF　TREATMENTS　FOR　REMOVAL　OF　MONOCYTES　ON　DETERMINATION　OF　T　CELL　SUBSETS　BY　FACS　ANALYSIS

Values　are　means±SD．　for　6　samples　of　normal　blood．

Percentage　of　positive　cells Peak　channel　of　nuorescence　intensity

Leu－1 Leu－2a Leu－3a Leu－1 Leu－2a Leu－3a

Ratio　of

Leu－3a／

Leu－2a

No　treatment
Treatment

　adherence

　phag㏄ytosis

62．4±5．0

77．4±6．3a

71．7±8．ob

27．3±4．0

28．6±4．8

28．3±4．0

39．6：と5．3

455±65b
38．8±6．9

53．3±4．8

57．0：ヒ5．ob

57．0：ヒ：5．gc

135．7±2．6

140．3±6．5

141．8±4．3c

45．2±0．8

455±L4
473±L5　b

L47±0．27

L63±0．37　c

L38±0．31

a Signi∬cant　difference　from　value　of　untreatment　group　at　P＜0．00　L

bSignificant　difference　from　value　of　untreatment　group　at　P＜0．O　L

cSignificant　differen㏄from　value　of皿treatment　group　at　P＜0．05． ω
い



TABLE　III

EFFECT　OF　INCUBATION　OF　PBRIPHBRAL　BLOOD　FOR　l　H　AT　37°C　ON　DETERMINATION　OF　T　CELLS　SUBSETS

Values　are　means±SD．　for　6　samples　of　normal　blood．　None　of　the　values　for　the　two　groups　are　significantly　different．

］
〔

Percentage　of　positive　cells Peak　channel　of　nuorescence　intensity

Leu－1 Leu－2a Leu－3a Leu．1 Leu－2a Leu．3a

Ratio　of

Leu・3a／

Leu－2a

No　incubation
Incubation

67．0±6．8

65．7±6．2

24．7：亡5．4

25．0±5．4

42．0±8．4

42．5±6．7

54．7±4．9

54．7±6．6

156」二±12．6

145．9±28、7

46．3±3．0

45．7±2．5

1．82±0．68

1．79±0．53

TABLB　IV

EFFECT　OF　TREATMENT　WITH　AMMONIUM　CHLORIDE　ON　DETERMINATION　OF　T　CELL　SUBSETS　BY　FACS　ANALYSIS

Values　are　means±S．D．　for　5　samples　of　normal　blood．

Percentage　of　positive　cells Peak　channel　of　nuorescence　intensity

Leu－1 Leu－2a Leu－3a Leu－1 Leu－2a Leu－3a

Ratio　of

Leu－3a／

Leu－2a

No　treatment
Treatment

64．7±5．0

63．5±5．5a

22．1±7．0

2L6：亡6．gb

43．2±6．4

44．6±55a

53．8±4．6

54．4±2．9

132．0±16．1

128．6±15．3

45、8±3．1

44．8±2．0

2．16±0．75

2．26±0．80a

a Significant　difference　from　value　of　untreatment　group　at　P＜0．05．

bSignificant　difference　from　value　of　untreatment　group　at　P＜0．02．
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Fig．1．　Relationship　between　the　percentage　of　monocytes　determined　by　setting　the　scatter　gates　of　the

FACS　analysis　and　the　percentage　Ineasured　by　peroxidase　staining；n＝73，’＝0．635，　P＜0．001，

y＝0．430x十7．54．

（Table　III）．　Neither　the　percentage　nor　the　peak　fluorescence　intensity　of　Leu－1，

Leu－2a　or　Leu－3a　cells　was　significantly　changed　by　this　treatment．　Therefore，

treatment　with　sihca　seemed　to　cause　a　significant　increase　in　fluorescence　intensity

of　T　cell　subsets．　Thus　these　treatments　for　removal　of　monocytes　seemed　to　be

unsuitable　for　routine　use　in　FACS　analysis　because　they　decreased　yields　of

lymphocytes　and　changed　the　percentage　and／or　fluorescence　intensity　of　each　T

cell　subset．

　　Next，　we　examined　the　possibility　of　excluding　monocytes　by　FACS　analysis．　The

percentages　of　monocytes　were　calculated　by　setting　the　scatter　gates　for　larger

populations．　The　percentages　of　monocytes　obtained’correlated　well　with　the　per－

centages　of　monocytes　determined　by　peroxidase　staining　of　the　same　samples　of

PBMC　from　73　su句ects（11normal　individuals，25　pregnant　women　and　37　patients

with　autoi㎜une　thyroid　disease）（Fig．1）．　However　the　values　estimated　by　FACS

analysis　were　usually　lower（about　80％）than　those　determined　by　peroxidase

staining．　Therefore，　this　method　for　exclusion　of　monocytes　was　not　adequate，

particularly　when　contamination　was　great．

助ec1・∫γem・。αi　of　ery仇r・cytes

　　Treatment　of　PBMC　with　Tris－buffered　O．83％ammonium　chloride　for　hemolysis

of　erythrocytes　influenced　the　percentages　of　T　cell　subsets　determilled　by　FACS

analysis　and　increased　the　ratio　of　Leu－3a　to　Leu－2a　cells（Table　IV）．
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TABLE　V

STABILITY　OF　FLUORESCENCE　INTENSITY　ON　LYMPHOCYTES　AFTER　LABELING

Percentage　of　positive　cells Peak　channel　of　fluoreScence　intensity

Leu－1 Leu－2a Leu．3a Leu－1 Leu－2a Leu－3a

Ratio　of

Leu－3a／

Leu－2a

Control

Sto「age　for　3　h　a

64．6±6．0

64．8±5．5

23．4±7．5

23．3±8．0

45．9±4．3

45．4±4．4

56．8±：5．3

55．7±6．0

145．0±23．5

144．0±25、6

49．2：±：5．1

48．7ヰ：4．9

2．16±0．70

2．19±0．79

a PBMC　labeled　with　fluorescein　conlugated　antibodies　were　sωred　at　4°C　in　PBS　containing　O」％sodlum　azlde　ln　the　dark，　None　of　the　values　for　the　two

ぽoups　were　significant】y　d三fferent．
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TABLE　VI

REPRODUCIBILITY　OF　MEASUREMENT　OF　T　CELL　SUBSETS　BY　FACS　ANALYSIS　USING

STANDARD　PBMC
Values　are　means±S．D．　for　l　2　different　analyses　of　standard　PBMC　and　60f　the　other　PBMC　during　the

observation　period　of　l　2　weeks．

Leu－1 Leu．2a Leu－3a

A、Sねηdαrd　PBMC

　　Percentage　of　positive　cells

　　Peak　channel　of　fluorescence　intensity

　Threshold　channel　for　positivity

B．Another　sαmple　of　norη1αl　PBMC

　　Percentage　of　positive　cells

　　Peak　channel　of　nuorescence　intensity

　Threshold　channel　for　positivity

57．8：ヒ3．9

50．8±3．7

3L3：ヒ2．1

60．7±2．5

57．5±1．9

305±1．4

29．6±1．5

144．3±3．1

7L3±4．2

22．7±L4

131．0±5．8

68．2±5．3

32．7：ヒ3．5

45a

21．5：ヒL4

39．5：ヒ1．6

43．7ゴ＝0．5

23．7：ヒL2

aThe　peak　position　for　fluorescence　intensity　of　standard　PBMC　labeled　with　anti－Leu－3a　was　a（加sted

　to　channel　45　as　a　standard　channel　number　and　other　data　were　measured．

Stαb汕y　o∫励eled　PBMC

　　PBMC　labeled　with　fluorescein　co句ugated　monoclonal　antibodies　were　stored　at

4°Cin　PBS　containing　O．1％sodium　azide．　The　percentages　and　the　peak　fluores－

cence　intensities　of　Leu－1，Leu－2a　and　Leu－3a　cells　in　6　normal　blood　donors　did　not

significantly　change　dudng　storage　for　at　least　3　h（Table　V）．

S10ηdαrdi瓜loηαndアepγoa癩b日杜y｛ザmeo⑤μrem醐（ザTcell　Sμbsets纏S輌ng　s励dαrd

PBMC
　　Standard　PBMC　were　obtained　from　the　same　healthy　man　once　a　week，　and

analyzed　in　the　FACS．　For　standardization　of　the　assay，　the　peak　positions　of　scatter

and　fluorescence　intensay　of　each　standard　PBMC　labeled　with　anti－Leu－3a　were

a（加sted　to　standard　channel　numbers：150　for　scatter　and　45　for　fluorescence．

Under　these　conditions，　variations　of　other　parameters　of　this　standard　PBMC　were

very　small　in　12　different　assays　during　the　observation　period　of　l　2　weeks（Table

VI．A）．　The　ratio　of　Leu・3a　to　Leu・2a　cells　was　1．11±0．14（mean±S．D．，　n＝12）．

Satisfactory，　reproducible　results　were　also　obtained　on　another　sample　of　normal

PBMC（Table　VI．B）．　The　ratio　of　Leu－3a　to　Leu－2a　cells　was　l．74±0．07（mean

±S．D．，　n＝6）．．　These　data　indicate　that　standard　PBMC　obtained　on　different　days

give　constant　values　on　FACS　analysis．　Therefore，　this　standard　PBMC　could　be

used　for　standardization　of　the　FACS　analysis．

Sex　di∫アerence漁Tcell∫t出sets

　　The　T　cell　subsets　of　17　healthy　men　aged　23－32　years　and　26　healthy　women

aged　2　L　33　years　were　analysed　in　the　FACS　with　the　standard　CRBC　and　standard

PBMC　described　above．　There　was　no　difference　in　the　average　ages　of　the　2　groups．

The　peak　position　of　fluorescence　intensity　of　Leu－2a　cells　in　the　women　was

significantly（P＜0．01）lower　than　that　of　the　men（Table　VII）．
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TABLE　VII

SEX　DIFFERENCE　IN　T　CELL　SUBSETS　DETERMINED　BY　FACS　ANALYSIS

Values　are　means±S．D．

Sut蓼ects Number
examined

Percentage　of　positive　cells Peak　channel　of　fluorescence　histogram

Leu－1 Leu－2a Leu．3a Leu－1 Leu－2a Leu－3a

Ratio　of

Leu－3a／

Leu－2a

Males

Females 7
6

1
〔
∠

66．6±7．6

66．8±9．1

22．7±5．0

23．1：ヒ6．1

43．9：ヒ7．7

44．6±7．0

56．2±4．5

55．4±4．6

139．1：ヒ12．5

129．0±　8．7a

47．1±2．7

46．4±2．2

2．06±0．67

2．10：±0．76

aDifferen㏄from　males　significant　at　P＜0．Ol．
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Discussion

　　Flow　cytometer　cell　sorters　are　playing　an　important　role　in　research　in　immunol－

ogy　and　several　methods　for　operating　procedures　have　been　reported（Herzenberg

and　Herzenberg，1978；Hoffman　et　aL，1980；Miller　et　al．，1981）．　The　most

important　requirements　of　a　cell　sample　for　flow　cytometry　are　that　it　be　monodis－

perse　and　free　of　damaged　cells　and　a　large　excess　of　irrelevant　cells（Miller　et　al．，

1981），although　some　laboratories　reported　a　method　using　whole　blood　for　analyz－

ing　T　cell　subsets（Hoffman　et　al．，1980）．　We　studied　the　effect　of　removing

monocytes　and　residual　red　blood　cells　from　Ficoll　separated　peripheral　blood

mononuclear　cell　fraction　on　FACS　analysis．

　　Removal　of　monocytes　on　the　basis　of　their　capacity　for　adherence　or　phagocyto－

sis　seems　to　be　unsuitable　for　routine　FACS　analysis，　since　these　treatments

decreased　yields　of　lymphocytes　and　caused　variations　in　the　percentages　and／or

fluorescence　intensities　of　T　cell　subsets（Tables　I，　II）．　On　removal　of　monocytes　by

the　adherence　method，　B　cells　seemed　to　be　more　adherent　to　the　plastic　dish　than　T

cells，　alld　Leu－2a　cells　more　than　Leu－3a　cells．　On　removal　of　monocytes　by　the

phagocytosis　method，　treatment　with　silica　seemed　to　cause　significant　increase　in

the　nuorescence　intensity　of　T　cell　subsets．　Furthermore　there　was　a　difference

between　Leu－1　cells　and　corrected　E　cells，　though　both　cells　are　defined　as　T　cells．

The　percentage　of　Leu－1　cells　was　increased　but　that　of　corrected　E　cells　was　not

changed　after　incubation　with　silica．　However，　incubation　without　silica（Table　III）

and　exclusion　of　most　monocytes　from　the　FACS　analysis　by　setting　the　scatter　gates

（unpublished　data）　did　not　influence　the　percentage　and　fluorescence　intensity，

respectively，　of　T　cell　subsets．　Thus　these　data　indicate　that　expression　of　Leu－1

antigen，　which　is　different　from　E　receptor，　is　increased　by　incubation　with　silica．

This　finding　is　consistent　with　the　report　that　Leu－l　antigen　apparently　differs　from

Ereceptor（Engleman　et　al．，1981）．　In　the　phagocytosis　method，　silica　treatment　also

caused　a　decrease　of　B　cells．　A　similar　decrease　of　B　cells　has　been　reported　on

carbonyl　iron　treatment　to　remove　monocytes（Rumpold　et　al．，1979）．　Exclusion　of

mon㏄ytes　from　the　FACS　analysis　by　setting　the　scatter　gates　was　incomplete；only

about　80％of　the　monocytes　were　excluded　in　this　way．　Removal　of　erythrocytes　by

ammonium　chloride　also　changes　the　percentage　of　T　cell　subsets　and　may　damage

lymphocytes　to　some　extent．　Thus　use　of　PBMC　with皿t　removal　of　monocytes　and

erythrocytes　was　finally　chosen　as　best　and　simplest　for　routine　use　in　FACS

analysis．　Erythrocytes　were　excluded　from　the　FACS　analysis　by　setting　the　scatter

gates，　and　the　percentages　of　T　cell　subsets　were　corrected　for　monocyte　contamina－

tion，　determined　by　peroxidase　staining．

　　In　many　laboratories，　CRBC　rendered　fluorescent　by　glutaraldehyde　fixation　are

used　for　standardization　of　scatter　and　fluorescence　in　FACS　analysis（Herzenberg

and　Herzenberg，1978）．　However，　with　this　method　it　is　difficult　to　detect　minor

changes　of　labeling　conditions　and　the　properties　of　fluorescein　conjugated　antibod－

ies　in　different　assays．　Therefore，　we　used　standard　PBMC，　which　were　obtained

from　the　same　man，　in　each　experiment　in　addition　to　fixed　CRBC．　The　standard

PBMC　were　sufficiently　constant　to　use　as　a　standard　in　FACS　analysis（Table　VI）．
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　　Under　these　conditions　of　standardizatign　of．the　FACS，　we　obtained　a　signifi－

cantly　lower　value　for　the　peak　posftion’ of　nuorescence　intensity　on　Leu－2a

（suppressor／cytotoxic　T）cells　in　normal　women　than　in　normal　men．　This　probably

indicates　a　lower　Leu－2a　antigen　density　on　the　cell　surface　in　women．　It　has　been

reported　that　women　are，　in　genera1，　more　resistant　to　infection　than　men（Wash－

burn　et　al．，1965）．　The　incidence　of　autoimmune　disease　is　known　to　be　higher　in

women．　Quantitative　i㎜unolo夢cal　studies　have　shown　that　grls　and　women　also

tend　to　have　higher　IgM　levels　than　boys　and　men（Butterworth　et　al．，1967）．

Moreover　in　older　children　the　antibody　response　to　rubella　vaccine　was　found　to　be

significantly　higher　in　girls　than　boys（Michaels　and　Rogers，1971）．　The　reasons　for

these　sex　differences　are　unknown，　but　the　decreased　fluorescence　intensity　on

Leu－2a（suppressor／cytotoxic　T）cells　observed　in　this　study　may　be　re互ated　to　these

phenomena．　Further　studies　are　necessary　on　the　relation　between　the　function　and

nuorescence　intensity，　that　is　the　antigen　density，　of　Leu－2a　cells．

Ac㎞owledgements

　　We　thank　Miss　Hatsue　Miyoshi　and　Miss　Masako　Kawai　for　secretarial　assis－

tance．

References

Butterwor也，　M．，　B．　McClellan　and　M．　Allansmith，1967，　Nature（London）214，1224．

Engleman，　EG．，　R．　Warnke，　R．1．　Fox，　J．　Dilley，　C．J．　Benike　and　R．　Levy，1981，　Proc．　Natl．　Acad．　ScL

　　U．S．A．78，1791．

Evans，　RL，　D．W．　Wal1，　CD．　Platsoucas，　F．P．　Siegal，　SM．　Fikrig，　C．M．　Testa　and　R．A．　Good，1981，

　　Pr㏄．　Natl．　Acad．　Sci．　U．S．A．78，544．

Herzenberg，　LA．　and　LA．　Herzenberg，1978，　in：Handbook　of　Experimental　Immunology，　ed．　D．M．

　　Wein，（Blackwel1，0xford）Ch．22．

Hoffman，　RA．，　P．C．　Kung，　W．P．　Hansen　and　G．　Goldstein，1980，　Pr㏄．　NatL　Acad．　Sci．　U．S．A．77，4914．

Ledbetter，　J．　A．，　R．V．　Rouse，　H．S，　Micklem　and　LA，　Herzenberg，1980，　J．　Exp，　Med．152，280．

Ledbetter，　J．A．，　R．L　Evans，　M．　Lipinski，　C．　Cunningham－Rundles，　RA．　Good　and　LA．　Herzenberg，

　　1981，J．　Exp．　Med．153，310．

Michaels，　R．H．　and　KD．　Rogers，1971，　Pediatrics　47，120．

Miller，　RG．，　M．E．　Lalande，　MJ．　McCutcheon，　S．S．　Stewart　and　G．B．　Pdce，1981，　J．　Immuno1．　Methods

　　47，13．

Mo亘，　H．，　N．　Amino，　Y．　Iwatani，0．　Kabutomori，　S．　Asari，　S．　Motoi，　K．　Miyai　and　Y．　Kumahara，1980，

　　Clin．　Exp．　ImmunoL　42，33．

Reinherz，　EL．　and　S．F．　Schlossman，1981，　Immuno1．　Today　2，69．

Rumpold，　H．，　D．　Kraft，0．　Scheiner　and　T．　Radaszldewicz，1979，　Int．　Arch．　Allergy　AppL　Immunol．58，

　　105．

Washbum，　T．C．，　D．N．　Medearis　and　B．　Childs，五965，　Pediatrics　35，57．



　”－苦艦W．藁
1 叉’ F　　　’塔’　層

●

病ニ

ロ 又
．　w’一”

」021－972X／83／5602・0251＄02．00／O

v・1」mal　ofCUnical　Endoc亘nology　and　MetaboHsm

ρopyright◎1983　by　The　Endocr㎞e　Society

　　　Vol．56，　No．2

PrfπZeば↓πこ1．　S．∠4．
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Autoimmune　Thyroid　Diseases
Detected　with　Monoclonal
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ABSTRACT．　Pe亘pheral　T　lymphocyte　subsets　were　analysed
with　monoclonal　antibodies，　by　highly　standardized　fluores－

cence・acヒivated　cen　sorter　analysis　instead　of　manual　counting

by　the　indkect　immunonuorescence　method，　in　autoimmune
thyroid　diseases　and　subacute　thyroiditis．　Totai　lymphocyte

counts　were　increased　m　patients　with　thyrotoxic　Graves’disease
and　subacute　thyroidit姪．　The　percentaるe　of　total　T（Leu　1｝cells

was　significantly　lower　in　patients　with　thyrotoxic　Graves’dis－

ease　alld　Hashimoto’s　disease　with　destructive　thyrotoxicosis

than　in　normal　subjects、　No　sign面cant　changes　were　observed

in　the　percentages　of　suppressor－cytotoxic　T（Leu　2a｝cells　or

helper－inducer　T（Leu　3a）cens　or　in　the　Leu　3a－Leu　2a　ratio　in

different　groups　of　patients．　There　were　no　correlations　between

the　percentages　of　E　rosette－fbrming　ceUs　a皿d　l．eu　l　cells　and

between　the　percentages　of　Tγcens　and　Leu　2a　ceUs　in　normal

subjects　and　patients．　The　peak　positionoffluorescellce　intensity

ofLeu　2a　ceUs　showed　a　signi丘cant　sex　di僚rence　even　in　normal

controls．　The　most　important五nding　was　a　significant　decrease

in　the　peak　position　of　Leu　2a　ceUs　m　patients　with　thyrotoxic

Graves’disease　and　with　hypothyroid　or　thyrotoxic　Hashimoto’s

diSease．　These　findings　indicate　the　siglli丘cant　associatiOn　of

qua且tat｛ve，　but　not　quantitative，　abnormaUty　of　suppressor＿cy＿

totoxic　T（Leu　2a）cells　with　thyroid　dysfUnction血auto㎞une
thyroid　diseases．（J　C1‘πEπ∂ocr輌πoZ　2レ丘’αb　56：251，1982｝

H霊＝訂ls弘認a膿叢ご蕊蒜
mune　diseases（1－3）．It　has　been　postulated　that　a　lack　of

suppressor　fUnction　ofTlymphocytes　might　underlie　the

break　in　i㎜unologic由tolerance　that　leads　to　autoim－

mune　diseases．　However，　results　on　suppressor　function

，of　T　lymphocytes　in　autoi㎜une　th口oid　dise品es氾e

con且icting．　Aoki　eZαZ．（4）showed　a　decrease　in　suppres－

sor　T　lymphocyte　function　in　thyrotoxic　Graves’disease

but　not　in　Hashimoto’s　disease　by　functional　assay　of

Concanavalin　A－induced　suppressor　activity．　HOwever，

MacLeanε君αZ．（5）reported　normal　suppression　by　Con－

canavalin　A－stimulated　lymphocytes　in　Graves’disease

and　Hashimoto’s　disease　of　polyclonal　i皿munoglobulin

Gand　antimicrosomal　antibody　synthesis．　Beal　and
　Kruger　（6）also　reported　normal　helper　or　supPressor

血nction　of　T　lymphocytes　on　i㎜unoglobulin　G　and

　　Received　June　2，1982．

　　Address　requests　fbr　reprillts　to；Dr．　N．　Amlno，　The　Central　Labo－

ratory　fbr　Clinical　Investigation，　Osaka　Universiヒy　Hospital，1－1－50

Fukushima，　Fukushima－ku，　Osaka　553，　Japan．
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厨e，by　Grant’in－Aid　fbr　Scienヒ頂c　Research　56570261（to　N．A．）from

the　Millistry　of　Education，　Science，　and　Culture　of　Japan，　and　by　a
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antithyroglobulin　synthesis　induced　by　stimulation　by

pokeweed皿itogen　in　patien民with　autoi㎜me　th∬oid

diseases．　Furthermore，　Bea11（7）showed　normal　T　lym－

phocyte　regulat｛on　of　antithyroglobulin　synthesis　in－

duced　by　thyroid　antigen　and　subop仁imal　amount　of

pokeweed　mitogen　in　autoimmune　thyroid　diseases．
Okita　efαZ．（8）observed・a　decrease　of　thyroid－specific

suppressor　function　of　T　lymphocytes　in　thyrotoxic

Graves’disease　and　Hashimoto’s　disease　by　assay　of

thyroid　antigen4rlduced　inhibition　of　T　lymphocyte　mi－

gratlon．

　　Recerltly，　peripher泣Tlymphocyte　subsets　were　enu－

merated　by　indirect　immuno且uorescence　mlcroscopy
with　monoclonal　antibodies．　Thielemans　eZαZ．（9）re－

ported　a　decrease　in　the　percentage　of　supPressor－cyto－

toxic　T（OKT8）cells　in　both　Hashimoto’s　and　Graves’

disease，　whether　thyrotoxic　or　euthyroid．　Very　recently，

Sridama　eταZ．（10）reported　a　decrease　in　the　percentage

of　suppressor－cytotoxic　T（OKT8）cells　in　thyroヒoxic

Graves’disease　and　Hashimoto’s　disease，　but　noヒin

treated　Graves’disease．　In　this　study　we　exammed　pe－

ripher副TceU　subseS　in　autoi㎜1une　th5Toid　oise鵬es

and　subacute　thyroiditis　using　nlonoclonal　antibodies

（Leu　1，　Izeu　2a，　I」eu　3a）by　fluorescence－activated　cen

251
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　sorter（FACS）analysis，　which　was　accurately　st＆ndard－

　　ized（11），　instead　of　by　manual　counting　by　the　indirect

｝i㎜unonuorescence　method．

Immunoresearch　Laboratories，　Tokyo，
previously（14，15）．

Japan），　as　described

Sero↓ogyαnd晦md　f顕c£玩tes£s

S両ects

Subjects　and　Methods

　　The　normal　controls　consisted　of　22　women　and　18　men．　The

patients　with　Graves’disease　consisted　of　patients　with　thyro－

toxic　Graves’disease（19　women　and　3　men）and　Graves’disease

in　remission（7　women）．The　patients　with　Hashimoto’s　disease

consisted　of　euthyroid（11　women），　hypothyroid（7　women），

and　destruction－induced　thyTotoxic（see　Re£12）（5　women）

patients．　Five　women　with　sψacute　thyroiditis　were　also　ex－

amined．　None　of　the　patients　were　receiving　medication．　Cases

with　other　associated　autoimmune　diseases　or　infections　were

excluded伽m　this　study　to　avoid　effbcts　other　than　those　of

thyroid　autoimmune　abnormality．　The　patients　with　Graves’

d輌sease　in　remission　had　been　euthyroid　fbr　at　least　6　months

w｛thout　antithyroid　drugs　befbre　examination．

A孔αlysis　oμyη1Phocyte　poPμ1αt三〇れs　by　FA　

CS

　　FIuorescein－conjugated　monoclonal　an七i－Leu　1，　anti－Leu　2a，

and　anti－Leu　3a　antibodies（Becton　Di；kinson　Co．，　Mountain

View，　CA）were　used．　Anti－Leu　l　reacts　with　hunlan　T　celI

antigen（Leu　1），anti－Leu　2a　with　human　T　suppressor－cytotoxic

ceu　antigen（Leu　2a），　and　anti－Leu　3a　with　human　T　helper－

inducer　ceU　anヒigen（Leu　3a）．　　　　　　　　　．’　　　　　－

　　Tcel　subsets　were　analyzed　as　described　previously（11）．

Briefly，　a　sample　of　1×106　peripheral　blood　mononuclear　ceUs

（PBMC），　which　were　obtained　by　density　gradient　centri血ga－

tion，　was　incubated　fbr　45　min　at　4　C　with　1μg　nuorescein－

conjugated　monoclonal　antibody，　and　was　therl　washed　twice．

Befbre　FACS　analysis，　the　final　cel玉fraction　was　checked　for

mon㏄yte　contamination　by　peroxidase　staining、　Quantitative

fluorescence　measurements　were　made　in　a　FACS　IV（Becton－

Dickinson　Co．）．The　peak　posit輌ons　fbr　scatter　and　fluorescence

intensity　of　the　standard　human　PBMC　labeled　with　anti－Leu

3a　were　adjusted　to　correspond　to　standard　values（channel

numbers）on　the　pulse　height　analyser（150　fbr　scatter　and　45

fbr　nuorescence）、　Then　a　fluorescence　histog1・am　was　obtained

with　2×1041ive　PBMC，　and　the　count　ofpositive　cells　and　the

peak　position　offluorescence　intensitv　were　recorded．　The　total

count　of　lymphocytes　in　the　nuorescence　histogram　was　deter－

mined　by　the　followmg　calculation：2×104×（1－peroxidase

posltlve　percentage／100）．

　　The　value　fbr　the　absolute　number　ofperipheral　lymphocytes

was　calculated　as　described　previously（13）．The　absolute　count

of　T　cell　subsets　was　calculated　as　the　product　of　the　absolute

lymphocyte　count　and　the　percentage　of　each　T　cell　subset．

Sheep　e7y仇rocyte　（E），◎x　eたythrocyte一αn玩body　con叱plemeれt，

αnd・x　eワth・・cyt・’α頑b・吻・・sette　tests

　　Peripheral　T・B・and　Tγlymphocytes　were　nleasured　quan－

tjtatively　by　a　micromethod　fbr　detection　of　E　rosettes，　ox

erythrocyte－antibody－conlplementrosettes，　and　ox　erythrocyte－

antibody　rosettes，　using　a　commerciaUy　available　kit（Japan

　　An亡ithyroglobulin　antibodies　and　antithyroid　microsom《U

antibodies　were　measured　by　the　ta㎜ed　red　cell　haemaggluti－

nation　technique　as　previously　reported（16）．Serum　T4，　T3，　and

resin　T3　uptake　were　measured，　and　the　free　T4　index　and　free

T3　index　were　calculated　as　described　previously（13）．The　size

of　goiter　was　expressed　as　the　transverse　width　of　the　thyroid

gland．

　　Statistical　analysis　of　data　was　carried　out　by　Student’sτ

test．　The　analysis　of　variance　was　performed　by　the　F　test，　and

Mann－Whitney　U　test　was　used　when　i仁Was　unequa1．

Results

　　　The　percentages　of　peripheral　T　lymphocyte　subsets

in　normal　subjects　and　patients　with　autoimmune　thyroid

diseases　and　subacute　thyroiditis　are　shown　in　Table　1．

Total　lymphocyte　counts　were　increased　in　untreated

patients　with　thyrotoxic　Graves’disease　and　subacute．

thyroiditis．　The　percentages　of　Leu　l　cells　in　untreated

patients　with　thyrotoxic　Graves’disease　and　Hashimoto’s

disea畠e　with　destructive　thyrotoxicosis　were　significantly

lower　than　those　of　controls．　No　signif］cant　change　was

observed　in　the　percentages　of　Leu　2a　ceUs　and　Leu　3a

ceUs，　or　in　the　Leu　3a－Leu　2a　ratio　in　dif丘rent　groups．

The　absolute　counts　ofLeu　1，　Leu　2a，　and　Leu　3a　ceUs　in

a皿group　of　patients　were　also　not　signif］cantly　dif琵rent

丘om　those　of　controls．　The　percentage　of　peroxidase－

positive　cells　in　the　mononuclear　cell　fraction　was　higher

in　untreated　patients　with　thyrotoxic　Graves’d三sease

（23．2±6．2％；n＝19；P＜0．001）and　subacute　thyroiditis

（24．3±14．5；n＝5；P＜0．05）than　in　controls（16．9±

3．8％n＝40）．

　　The　peak　position　of　fluorescence　intensity　of　Leu　2a

cells　showed　a　sex　difference（P＜0．01）even　in　normaユ

controls（men，137．9±12．7　channel，　n＝18；women，127．5

±10．9channel，　n＝22）．　Therefbre，　the　peak　positions　of

fluorescence　intensity　of　periphera1　T　lymphocyte　sub－

sets　in　normal　subjects　and　pat三ents　with　autoimmune

thyroid　diseases　and　subacute　thyToiditis　were　examined

in　women（Table　2）．　The　most　important五nd｛ng　was　a

decrease　in　the　peak　positioll　of　Leu　2a　cells　in　untreated

patients　with　thyrotoxic　Graves’disease　and　hypothyroid

or　thyrotoxic　Hashinloto’s　disease．　Interestingly，　the

peak　position　of　Leu　l　cells　was　shifted　to　the　right　in

subacute　thyroiditis．

　　The　percentages，　absolute　coull亡s，　and　peak　positions

of　fluorescence三ntensity　of　Leu　1，　Leu　2a，　and　I」eu　3a

ceUs　were　not　significantly　correlated　with　the　sel・um

leve正of　T4，　free　T4　index，　T3，0r　free　T3　index，　the　titer　of

antithyroid　antibodies　（either　anUthyro910bulin　anti－

bodies　or　antithyroid　microsornal　antibodies），　the　size　of
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　o
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TABLE　L　Peripheral　T　lymphocyte　subsets　in　normal　subjects　and　patients　with　Graves’disease，　Hashimoto’s　disease，　and　subacute　thyroiditis

No、　ex．

amlned Age（yr）

Total　lympho・

cytes（count／

　　　mm3）

Percentage　of　positive　ceUs

Leu　l Leu　2a Leu　3a

Leu　3a＿Leu　2a

　　　ratio

Normal　controlS　　’

Graves’disease

　Thyrotoxic

　Remission
Hashimoto’s　disease

　Euthyroid
　Hypothyroid
　Thyrotoxic
Subacute　thyroidit●

40

2
7
・

2

1
7
5
5

1

28．0±5．8

31．3±11．6

29，3±4．5

31．6：ヒ7．4

29．4±9ユ

29．6±48
36．2±4．1α

1950±370

2360±760白

2060±260

1960±7∞
1900±570
2170±480
2410±630ゐ

67．6±8．1

62．3±11．1ゐ

67．9±4．0

69．5±1L7
63．6±　112

57．9±14．66

65．1±11．0

23．3±5．2

21．1±6．9

25．7±7．2

22．1±5．7

23．2±8．1

23．5±5．1

2LO±5．0

44．6±7．1

41．2±8．2

44．9±6．0

45．8±8．7

43．8±7．2

39．3±15．2

43、7±9．9

2．03±0．63

2．16±0．86

L89±0．72

2．18±0．59

2．14±0．90

1．83±0、98

2」5±0．94

Data　are　expressed　as　means±sD．
α IP＜0．01ひs．　normal　controls

6P＜0．05乙，s．　normal　controls．

TABLE　2．　Peak　positi叩of　fluorescence　intensity　of　peripheral　T　lymphocyte　subsets　in　normal　subjects　and　patients　with　Graves’disease，

Hashimoto’s　disease，　and　subacute　thyroiditis

Peak　position　of　fluorescence　intensity

No．　examined Age（河）

Leu　1 Leu　2a Leu　3a

Normal　controls

Graves’disease

　Thyrotoxic
　Remission‘

Hashimoto’s　disease

　Euthyro三d

　Hypothyroid
　Thyrotox三c

Subacute　thyroiditis

，22
旨

9
7

1

11

7

5

5

27．9±5．5

30．8　±　12．3

29．3±4．5

3L6±7．4
29．4±9．1

29．6±4．8

36．2：ヒ4ユb

㎡

56．6±4．1

59．1：ヒ6．3

57．1±5．9

58．9±3．4

55．9±8．6

59．4±5．9

61．4：ヒ3．gc

127．5±　10．9

111．9±17．4α

120．0±　14．4

121．5±15．1

107．7±14．2α

107．8±14．9δ

122．0±27．8

46．6±3．8

44．9±4．2

46．3±2．7

47．8±2．0

44．9±2．7

48．0±4．2

47．4±4．6

An　subjects　examined　were丘males、　Data　are　expressed　as　the　means±sD．
α P＜0．001〃s．normal　controls．　　　　　　　　　　　　　　：－

bp＜0．01むs、　normal　controls．

c P＜0．05〃s．　norn、al　controls．

goiter，　or　the　degree　of　proptosis．　Furthermore，　there

were　no　correlations　between　the　percentages　of　E　ro－

sette－fbrming　ceUs　and　Leu　l　ceHs（n＝97，　r＝0．083）or

between　the　percentages　of　Tγcells　and　I．eu　2a　cels（n

＝97，r＝－0．148）in　normal　subjects　and　patients．

Discussion

　　Adecrease　in　the　percentage　of　total　T　lymphocytes

detected　with　monoclonal　antibody（1．eu　1）was　con－

6rmed　in　untreated　patients　with　thyrotoxic　Graves’

disease．　Furthermore，　a　decrease　ofLeu　l　cells　was　fbund

in　destruction－indUced　thyrotoxic　Hashimoto’s　disease．

However，　there　was　no　correlation　between　the　percent－

ages　of　E　rosette－fbrming　cells　and　Leu　l　cells　in　normaI

subjects　or　patients　with　autoimmune　thyroid　diseases．

This　result　is　compatible　with　the　report　that　E　receptor

apparendy　diff今rs　from　I、eu　l　antigen（17）．

　　With　regard　to　the　percentages　of　suppressor　T　ceUs，

we　fbund　no　difεerence　in　the　percentage　or　absolute

count　ofLeu　2a　cells　in　normal　controls　and　patients　with

autoimmune　thyroid　diseases．　These　results　are　incom・

patible　with　previous　reports　by　Thielemansε6αL（9）

and　Sridama　eZα1．（10）．　At　least　three　explanations　of

these　discrepancies　should　be　considered。　First，　in　the

previous　two　studies　monoclonal　antibodies　of　the　OKT

series　were　used，　whereas　we　used　those　ofthe　Leu　serieS
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　タ
Second，　the　methods　used　fbr　analysis　of　T　ceU　subsets

were　di脆rent：the　manual　counting　method　with　indirect

immuno且uorescence　was　used　in　the　previous　two　stud－

ies，　whereas　we　used　accurately　standardized　FACS　anal－

ysis（11）．　We　fbund　a　decrease　in　the　peak　positlon　of

nuorescence　intensity　of　Leu　2a　ceUs　in　untreated　pa．

tients　with　thyrotoxic　GI・aves’disease　and　hypothyroid

or　thyrotoxic　Hashimoto’s　disease．　This　decrease　in　the

peak　position　of　nuorescence　intensity　indicates　less　in－

tense　nuorescence　of　the　cells．　Weak　immunonuo1・es．

cence　may　be　missed　and　recorded　as　a　negative　reaction

on　microscopic　manual　counting．　If　this　is　so，　the　previous

reports　of　decrease　in　OKT　8－positive　cells　can　be　ex．

plained　by　our　f］nding　of　a　decreased　peak　position．

Th丘d，　monocyte　contalnination　was　not　clearly　excluded
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in　previous　studies．　We　observed　an　increase　in　the

percentage　of　peroxidase－positive　ceUs㎞untreated　pa－

［tients　with　thyrotoxic　Graves’disease　and　subacute　thy－

roiditis，　indicating　a　relative　increase　of　monocytes　and

decrease　in　the　lymphocyte　population．　This　might　mis－

leadingly　suggest　a　lower　percenヒage　of　T　ceU　subsets　in

untreated　patients　with　Graves’disease．

　　　We㎞ow　of　no　previous・c㎞ical　reports　on　the　peak

position　of　fluorescence　intensity　of　each　T　ceU　subset．

In　this　work　we　examined　the　peak　position　and　found　a

decrease　m　that　of　suppressor－cytotoxic　T（Leu　2a）cells

in　thyrotoxic　Graves’disease　and　hypothyroid　or　thyro－

toxic　Hashimoto’s　disease，　but　normal　values　in　Graves’

disease　in　remission，　euthyroid　Hashimoto’s　disease，　and

subacute　thyroidit三s．　The　peak　position　of　fluorescence

intensity　represents　the　antigen　density　specif］c　for　each

Tcell　subset．　If　the　antigen　density　ofLeu　2a　is　correlated

with　suppressor　T　ceU　fUnction，　our　findings　indicate　that

generalized　supPreSsor　T　cel　fUnction　is　decreased　in

thyrotoxic　Graves’disease　and　hypothyroid　or　thyrotoxic

Hashimoto’s　disease．　From　aU　these　results，　we　suggest

th・t・upP・ess・「T・・1血・・ti・n　i・dec㌧e・S・d・nly　i…ti・・

autoim皿une　thyro三d　diseases．　The　qualitative　abnorma1－

ity　of　suppressor－cytotoxic　T（Leu　2a）cels　in　autoim－

mune　thyroid　diseases　may　induce　thyroid　dysfunction，

or　be　induced　by　thyroid　dysfunction．　However，　the　latter

possibili七y　seems　unlikely，　since　the　fluorescence　inten－

sity　was　decreased　similarly　in　both　thyrotoxic　and　hy－

pothyroid　states．　　　　　　　　　　　　　　　　　　　　　　　・
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AMICROCYTOTOXICITY　ASSAY　FOR　THYROID－SPECIFIC
CYTOTOXIC　ANTIBODY，　ANTIBODY・DEPENDENT　CELLMEDIATED
CYTOTOXICITY　AND　DIRECT　LYMPHOCYTE　CYTOTOXICITY　USING
HUMAN　THYROID　CELLIS

Y．rWATANI，　N．　AMINO　1，H．　MORI，　S．　ASARI，　F．　MATSUZUKA，　K．　KUMA　and

K．MIYAI

Ceπtrα1　Lαborαtory／br　ClmjcαI　I脚estigαfionαnd　DepαrtmenωfLαborαtory　Medicine，

Osα加σn　

iuers泣y　Hosp泥α1，0sαゐα，αnd　K醐αHospiτα1，　Ko　be，」ψαη

（Received　27　April　1981，accepted　14　August　1981）

　　Amicrocytotoxicity　assay　for　detection　of　thyroid－specific　complement－dependent

cytotoxic　antibody（cytotoxic　antibody），　antibody－dependent　cell－mediated　cytotoxicity

（ADCC）and　direct　lymphocyte　cytotoxicity　was　developed　using　human　thyroid　epithe・

1ial　cells　as　targets．　Thyroid　tissue　was　obtained　from　patient　with　Graves’disease　and　was

treated　with　collagenase　and　then　trypsin．　The　red　blood　cells，　interfollicular　fibroblasts

and　infiltrating　Iymphoid　cells　in　thyroid　tissue　from　patients　with　Graves’disease　could

be　removed　by　this　procedure．　To　obtain　enth三ely　single　cells　as　target　cells，　the　suspen－

sion　of　dispersed　thyroid　epithelial　cells　was　allowed　to　stand　for　l　h　at　40C　in　culture

medium　to　allow　cell　clumps　to　settle．　For　assay　of　cytotoxic　antibody，　a　mixture　of　the

single　target　cells，　patient，s　serum　and　human　complement　was　incubated　in　microwells

for　18　h．　After　removing　the　detached　cells，　remaining　target　cells　in　the　wells　were　fixed，

stained　and　counted　to　assess　cytotoxicity．　For　assay　of　ADCC　and　of　direct　lymphocyte

cytotoxicity，　target　thyroid　cells　were　precultured　in　the　microwells　for　18　h．　Then　effec－

tor　cells　with　or　withollt　patient’s　serum　were　added　and　cultured　further　for　24－72　h．

Cytotoxicity　was　assessed　as　described　above．　Adherence　of　effector　cells　to　target　thy－

roid　cells　sometimes　disturbed　the　enumeration　of　target　cells　when　the　effector／target

cell　ratio　was　high．　With　this　microassay　systeln　3　different　cytotoxic　immune　reactions

against　human　thyroid　cells　could　be　measured　quantitatively　a七the　same　time　on　2－3

ml　blood　samples．

Keywords：αuto加m顕e　thyroid　diseαse－cy亡otoxic壮yαssαy－cytotoxicαntibody一

ADCC－Iymphoid　cytotoxicity

INTRODUCTION

　　Cytotoxic　immune　reactions　have　been　examined　ex七ensively　in　vitro

（Wells，1978）．　In　Hashimoto’s　disease，　a　typical　organ－specific　autoimmune

1Correspondence　to：Nobuyuki　Amino，　The　Central　Laboratory　for　Clinical　Investiga－

tion，　Osaka　Universi七y　Hospital，1－1－50　Fukushima，　Fukushima－ku，　Osaka　553，Japan．

0022－1759！82／0000－0000／＄02．75◎1982Elsevier　Biomedical　Press



242

disease，　complement－dependent　cyto七〇xic　antibody（Pulvertaf七et　al．，1961；

Forbes　et　a1．，1962；Irivine，1962），　antibody・dependent　cell・mediated　cyto一

七〇xicity（ADCC）（Calder　et　aL，1973b；Wasserman　e七al．，1974），　d立ect

lymphocyte　cytotoxicity（Podleski，1972；Calder　et　aL，1973a）and　lympho・・

toxin（Amino　and　DeGroot，1974，1975）have　been　demonstrated　in　vitro．

However，　it　is　unknown　which　is　the　most　important　destructive　factor　in

vivo．　Mos七assays　reported　were　semiquantitative　and　needed　large　blood

samples　and　many　target　cells．　Moreover，　we　do　not　know　of　any　reports　on

七he　quan七itative　assay　of　ADCC　or　of　direct　lymphocyte　cyto七〇xicity　on

human　thyroid　epithelial　cells．　Since　these　factors　should　be　examined　simul－

taneously　in　patients，　we　developed　a　quantitative　microassay　for　simu1－

taneous　assays　of　thyroid・specific　cyto七〇xic　antibody，　ADCC　and　d並ect

lymphocyte　cy七〇toxicity，　by　the　micr叩late　method（Takasugi　and　Klein，

1970；Amino　and　DeGroot，1973）using　single七hyroid　epithelial　cells．

MATERIALS　AND　METHODS

Pr¢Pαrα亡わn　of　tα㎎¢t｝↓μηταη肪Lyroid¢pけ九eliαI　ce麗8

　　Human　thyroid　tissues（5－10　g）obt厨ned　from　patients　with　Graves，

disease　were　separated　from　adipose　and　connective　tissues　and　minced　wi七h

scissors．　The　strawberry　juice－1ike　preparation　obtained　was　washed　3－5

times　with　Dulbecco，s　phosphate－buffered　saline　free　of　divalent　cations

［PBS（一）］until　the　supernatan七became　clear．　The　sediment　containing　fine

tissue　fragments　was　then　transferred　to　50　ml　of　O．3％collagenase（CLS　II，

Wor七hing七〇n　Biochelnical　Co．，　Freehold，　NJ）in　culture　medium，　consisting

of　medium　199（with　Hank，s　solution，　Flow　Labs．，　McLean，　VA）supple－

men七ed　with　20％heat－inactivated　fe七al　calf　serum（FCS；Flow　Labs．，　S七an－

more，　N．S．W．），100μg／ml　streptomycin　and　100　U／ml　penicillin（Flow　Labs．，

McLean，　VA），　and　genUy　mixed　with　a　magne七ic　st口Ter　for　60　min　at　37℃．

The　suspension　was　then　allowed　to　stand　for　5　min　and　the　supernatan七

containing　red　blood　cells，　endothelial　cells，　fibroblasts　and　infiltra七ing

lymphoid　cells，　was　discarded．　The　sediment　of　thyroid　tissue　fragments　was

resuspended　in　50　ml　of　O．3％collagenase　solution，　and　the　treatment　was

repeated．　The　final　suspension　of　tissue　fragments　was　again　allowed　to

s七and　for　15min．　The　sediment，　containing　fine七hyroid　follicles，　was　treated

with　O．25％trypsin（Chiba－ken　Kessei　Labs．，　Chiba，　Japan）for　20　min　at

37°C．In　some　experiments，　dispase（II，　Godo－Shusei　Co．，　Chiba，　Japan）

was　used　ins七ead　of　trypsin．　The七rypsinized　cell　suspension　was　allowed　to

stand　for　15　min　and　then七he　supernatant，　containing　single　cells，　was

centrifuged　at　400　X　g　for　10　min　to　obtain　a　pellet　of　single七hyroid　cells．

The　sedilnented　cell　clumps　were　trypsinized　agam　and　the　supernatan七

cent亘fuged　as　described　above　to　obtain　further　single　cells．　These　cell

pellets　were　combined　and　suspended　in　culture　medium．　The　effectiveness

of七he　procedure　was　improved　by　pipetting　the　tissue　fragmen七s　10　times

at　the　beginning　and　end　of　the七rypsiniza七ion　procedure．　Several　methods，
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such　as　filtration（steel　mesh，　Buchner　filter　or　lens　paper），10w　speed　centri－

fugation　and　spontaneous　sedimentatlon，　were　used七〇remove　small　cell
clumps．　In　the　fi1七ration　me七hod　a　20－・30μm　or　a　40－50μm　fritted－ware

funnel（17　G20r　17　G3，　Funnel，　Buchner　type，　with　a　frit七ed　disc，　Iwaki

Glass　Co．，　Tokyo），　lens　paper（Duster　K3，0zu　Co．，　Tokyo）and　stainless

steel　meshes（SUS　304　No．42100　mesh，　SUS　316　No．46150　mesh，　Mesh
Kogyo　Co．，　Osaka）were　used．　The　final　preparation　of　single　cells　was　gently

resuspended　in　2　ml　of　culture　medium，　mixed　with　8　ml　of　O．8％NH4　Cl

and　kept　for　5　min　at　room　temperature　to　hemolyze七he　few　cont㎜ina七ing

red　blood　cells　present．　Then七he　single　cells　were　washed　3　times　with　40　ml

of　PBS（一）．　Finally　the　single　thyroid　epithelial　cells　were　suspended　in

culture　medium　at　a　concentration　of　1．2×106　cells／ml．

　　Loss　of　thyroid　cells　by　adhesion　to七he　walls　was　prevented　by　siliconizing

田lglassware　with　3％Dow－Coming　360　Medical　Fluid（350　cs　viscosity）in
xylene　and　hea七ing　it　in　dry　air　at　200°C　for　90　min　before　use．

Prepαrαtion　of　effector　cellS

　　Lyη2ρカocyτes．　Heparinized　human　venous　blood（10　U　heparin／ml　blood）

was　mb【ed　with　an　equal　volume　of　PBS（一）and七he　mixture　was　carefully

layered　over　sodium　metrizoate・Ficoll　solution　of　specific　gravity　1．077．　The

mononuclear　cells　obtained　by　centrifugation　at　400　X　g　for　30　min　were

washed　3　times　wi七h　PBS（一）and　then　suspended　in　medium　199．

　　Lθ姥ocyτθs．　Heparinized　human　venous　blood　was　mixed　with　one・half

volume　of　6％dex七ran　in　O．9％saline　in　a　plastic　syringe．　After　standing　at

37°Cfor　30　min七〇anow　sedimentation　of　erythrocytes，　the　leukocyte－rich

plasma　was　centrifuged　at　160　X　g　for　10　min．　The　cell　pellet　was　resuspended

in　2　ml　of　culture　medium　and　mixed　with　8　ml　of　O．8％NH4　CI　for　5　min　at

room七emperature　to　hemolyze　contaminating　red　blood　cells．　Then　the
leukocytes　were　washed　3七imes　wi七h　PBS（一）and　suspended　in　medium　199．

Inαc伽α亡ioηof　ser醐

　　All　test　sera　were　inactiva七ed　before　assay　by　heating　at　53°C　for　90　min

and　were　stored　at－20°C．　This　treatment　completely　inactivated　comple－

ment　and　reduced　anticomplementary　activity　which　developed　during
hea七ing　and　interfered　wi七h　many　immunological　assays（Soltis　et　a1．，1979）．

Normal　human　serum　from　a　healthy　subject　of　blood　type　AB　was　used　as

asource　of　complement，　since　this　ser㎜1　was　Iess　toxic　than　guinea－pig

complement．　Aliquo七s　of　ser㎜were　stored　at－70°C．

瓶crocytotoxicityαSSαy

　　The　technique　used　was　an　adaptation　of　the　microassay　described　by　Ta・

kasugi　and　Klein（1970）and　Amino　and　DeGroot（1973）．

　　Amixture　of　10μ10f　solution　containing　equal　volume　of　complement
and　inactivated　patient，s　or　control　serum，　and　10μl　of　target　ce11　suspen・
　　

slon　were　placed　in　each　well　of　a　plas七ic　micro七est七issue　cu1七ure　plate（No．
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3034，Falcon　Plastics，　Oxnard，　CA）with　a　microsyringe（No．750，　Hamilton

Co．　Whittia，　CA）with　a　dispenser　attachment．　Six　replicates　of　each　sample

were　tested．　The　pla七es　were　incubated　for　18　h　at　37°C　in　an　incubator　with

awater　jacket　in　an　atmosphere　of　5％CO2　in　a血．　The　micropla七es　were　then

inverted　for　l　h　and　shaken　briskly　to　remove　medium，　de已d　cells　and　debris

from七he　bot七〇m　of　the　wells．　The　wells　were　then　washed　3　times　with　PBS

containing　divalent　cations［PBS（＋）］and　living　cells　attached　to　the　bottom

of　the　well　were　fixed　in　absolute　methanol　for　30　min　and　s七ained　with

Giemsa．　The　number　of　remaining　thyroid　epithehal　cells　was　then　counted

under　an　hlverted　light　microscope　with　a　40　X　objective　lens．

　　For　assays　of　ADCC　and　d廿ect　lymphocy七e　cytotoxicity，10μ1　samples
of　target　thyroid　cell　suspension　were　placed　in　the　wells　of　a　microtest　plate

and　preincubated　for　18　h　at　37°C．　Then　10μl　of　a　suspension　of　effector

cells　and　inactivated　serum　were　added　to　each　well　and　the　plates　were

mcubated　for　24－72　h．　The七est　was　scored　as　described　above．

　　The　significance　of　cytotoxic　activity　was　determined　by　Studen七，sτtes七．

RESULTS

Prepα耐わn　of　complet¢single　tれyroid　cells

　　Even　after　treatment　with　O．3％collagenase　and　O．25％trypsin，　the　thyroid

epi七helial　cell　suspension　contained　many　cell　clumps．　Several　methods　were

七ested　for　removal　of　these　cell　clumps．　In　the　filtration　method，　entirely

single　cells　were　obtamed　when　a　20－30μm　fritted　ware　filter　was　used，　bu七

七he　recovery　of　cells　was　very　low．　In　the　centrifugation　method，七hyroid

epithelial　cell　suspension　was　centrifuged　for　30　sec　at　up　to　500　rev！min

and　then　centrifuga七ion　was　stopped　rapidly．　However，　the　supernatant　ob・

七ained　s七ill　contained　clumps　of　thyroid　cells．　Contamination　of　the　super－

na㎞t　with七hyroid　cell　cl㎜ps　w品examined　afぬtanding　for　5－120　min．
Standing　for　l　h　at　4°C　in　culture　medium　was　found　to　be　the　bes七way　to

obtained　single　thyroid　cells．　Fig．1shows　the　human　thyroid　epithelial　cells

obtained　by　filtration　through　stainless　steel　meshes（A）and　by　spontaneous

sedimentation（B）．

Cytoto3cicαηtibodyαssαy

　　In　the　presence　of　complemen七，　inactivated　sera　obtained　from　patients
　　　　　　　　リレ
with．　Hashimo七〇，s　disease　had　significant　cytotoxic　activi七y．　However，　in

some　cases，　serum　diluted　with　inactivated　FCS　had　higher　cy七〇toxic　activity

than　the　origmal　undiluted　serum　or七he　control（inactivated　FCS　alone）．　Re－

sults　wi七h　such　a　serum征e　sho㎜in　Fig．2．　Freeze－thawing　for　5－10　times

destroyed七he　cytotoxic　activi七y　of　Hashimoto，s　serum（Fig．3）．　The　suscepti－

b皿ity　of七hyroid　cells七〇cy七〇toxic　antibody　disapPeared　on　preincubation　of

thyroid　cells　for　more七han　18－36　h．　Thyroid　epithelial　cells　dispersed　with

1000PU／ml　of　dispase，　instead　of七rypsin，　had　similar　susceptibility　to　cyto－

toxic　antibody．
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Fig．1．　Human　thyroid　epithelial　cells　obtained　by　filtration　through　stainless　steel　mesh

（A）and　by　spontaneous　sedimentation（see　Materials　and　Methods）（B）were　dissolved　for

18hin　microplate　wells．
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Fig，4．　Dose・response　relationship　in　lymphocyte－mediated　ADCC　assay．　After　preincuba－

tion　of　target　thyroid　epithelial　cells　for　18h，　normal　human　lymphocytes　mixed　with
various　dilutions　of　serum　of　a　case　of　Hashimoto’s　disease　were　added　to　the　targets．　The

effector／target　cell　ratio　was　15／1．　Remaining　target　thyroid　cells　were　counted　after

incubation　for　48h．　Cell　counts　were　significantly　different　from　those　of　the　control

at　P＜0．01（＊）and　P〈0．001（＊＊）．

ADCCαssαy
　　In七he　presence　of　normal　human　lymphocytes，　inactivated　Hashimoto，s

serum　had　signi且αmtly　more　cytotoxic　activity　than　inactivated　no㎜垣
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Fig．5．　Dose・response　relationship　and　time－response　relationship　in　leukocyte－mediated

ADCC　assay．　After　preincubation　of　target　thyroid　epithelial　cells　for　18　h，　normal

human　leukocytes　mixed　with　variqus　dilutions　of　serum　of　a　case　of　Hashimoto’s　disease

were　added　to　target　cells　and　cultured　from　24　to　72h．　The　effector／target　cell　ratio　was

12！1．
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Fig．6．　Effect　of　various　effector！target　cell　ratios　on　direct　lymphocyte　cytotoxicity．

After　preincubationρf　target　thyroid　epithelial　cells，　normal　lymphocytes（o－一〇）or
lymphocytes　from　a　patient　with　Hashimoto’s　disease（●一・一・一●）were　added　to　the　target

cells　at　the　indicated　E！T　ratios　and　cultured　for　further　48　h．

serum（Fig．4）．　As　in七he　case　of　cytotoxic　antibody，　some　sera　showed

higher　ADCC　activity　af缶r　di1砒ion．　No㎜垣h㎜an　leukocytes，　ins捷ad　of

lymphocytes，　with　inac七ivated　Hashimoto，s　serum　also　showed　significan七

ADCC　activity．　Fig．5shows　the　dose－and　time－response　relationships　in

ADCC　assay　using　leukocytes．　Cy七〇toxic　activity　increased　with七he　mcuba・

tion七ime　bo七h　in　con七rol　wells　and　tes七wells．　Incubation　for　24　h　was　suf一

茸cient　for　detection　of　AI）CC．

Dir¢ct　lッmpれocy　 te　cy　

totoxicityαSSαy

　　Lymphocytes　ob七ained　from　the　patien七with　Hashimo七〇，s　disease　had

significan七ly　higher　cy七〇toxic　ac七ivity　than　normal　human　lymphocytes．　The

cytotoxic　activity　increased　with　increase　m　the　effector！target　cell　ratio
（Fig．6）．

Adherence　of　effector　cells　to　tαrget　c¢llS

　　1n　assays　of　ADCC　and　direct　lymphocyte　cytotoxicity，　considerable

adherence　of　effec七〇r　cells　to七arget　cells　was　observed　when　the　effec七〇r／

七arge七cell　ratio（E／T　ratio）was　more七hen　10／1．　This　phenomenon　often

interfered　with　the　coun七ing　of　target　cells．　Even　shaking　the　microplates

under　various　condi七ions，　as　reported　by　Huber　et　a1．（1978），　did　not　achieve

complete　removal　of　adherent　effector　cells．

DISCUSSION

　　In　studies　on七he　pathogenesis　of㎞mune－related　tissue　destruction，　it　is

necessary七〇have　a　simple　method　for　simultaneous　de七ermina七ion　of　com・
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コplementδependent　cytotoxic　antibody，　ADCC　and　direct　lymphocyte　cyto一
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toxicity　using　small　blood　samples．　Therefore，　we　adapted　our　previous　micro－

assay　system　for　lylnphocyte－mediated　cytotoxicity（Alnino　and　DeGroo七，．

1973）for　testing　thyroid・specific　cytotoxicity．　In七his　method　it　is　essential

to　obtain　a　comple七ely　single　thyroid　cell　suspension　to　allow　counting　of

cells．　Usually　it　is　difficu1七七〇〇b位Un　human　target　cells　from　specific　organs，

bu七七hyroid　tissue　from　Graves，　disease　can　be　obtained　at　operation．　In　this

study，　we　es七ablished　a　method　of　obtaining　a　preparation　consisting　of

single　thyroid　epithelial　cells　after　removal　of　red　blood　cells，　fibroblasts，

infiltrating　lymphoid　ceUs　and　small　thyroid　epithelial　cell　clumps．　Recently，

Shimazaki　and　Mitsuhashi（1977）also　developed　a　microcytotoxici七y　assay

for　cytotoxic　antibody　using　the　microtest　plate，　but　they　used　serum　dilu一

七ion　for　quantitation　of　cytotoxicity　rather七han　counts　on　target　cells．

　　From　cytotoxic　antibody　assays，㎞ine（1962）reported　that　sera　from
most　cases　of］日【ash㎞oto，s　disease　have　cy七〇toxic　activity　at　over　104－fbld

dilution，　but　in　our　study　no　cyto七〇xic　activi七y　was　found　at　d加tions　above

103－fold．　This　difference　may　be　due　partly　to　the　diffbrent　method　and

different　serum　samples　used：In　some　cases　of　Hashimok），s　disease，　d皿uted

sera　had　stronger　cytotoxic　activities　than　the　original　sera．　This　may　be

related　to　the　anticomplementary　activity　of　immune　complexes　present　in

七he　original　sera．　In　any　event，　it　is　necessary　to　use　no七〇nly　the　origmal

undiluted　serum　but　also　diluted　ser㎜for　cytotoxic　antibody　assay．　It　has

been　reported　that　thyroid　cells　prepared　by　coUagenase　treatmen七〇nly　are

not　susceptible　to　cytotoxic　antibody，　and　tha七trypsinization　is　essential

for　suscep七ib皿ity（Pulver七aft　et　al．，1961；Forbes　et　a1．，1962；Irvine，1962）．

In　this　study，七rea㎞ent　with　dispase　was　also　found　to　be　effective．　Proteo・

1ytic　enzymes　such　as　trypsin　and　dispase　may　be　essential　to　ob㎞thyroid

cells　susceptible　to　cytotoxic　antibody．　We　conf姪med　the　finding　that　pre・

incubation　of　thyroid　cells　for　more　than　36　h　resulted　in　loss　of　suscepti－

bnity七〇cytotoxic　antibody　（Pulvertaft　et　al．，1961；Forbes　et　al．，1962）．

This　suggests　that　digestion　of　the　surface　of　thyroid　cells　with　proteolytic

enzymes　may　uncover　antigenic　determinants　essential　for　the　cy七〇toxic

reaction，　and　that　these　may　be　restored　gradually　during　preincuba60n．　The

activity　of　cyto七〇xic　an七ibody　disappeared　on　freeze－thawing．　Freeze一

七hawing　may　produce　aggrega七ed　immunoglobulins　that　interfere　with　the

cytotoxiαreaction，　or　d丘ectly　inac七ivate　the　biological　activity　of　cytotoxic

an七ibody．　Thus　stored　samples　after　frequen七fピeeze一七hawing　may　not　be

suitable　for　assay．　Forbes　et　a1．（1962）reported　that　the　ac七ivities　of　cyto・

toxic　antibody　correlated　well　with　the　titers　of　microsomal　antibody

demonstrated　by　immunofluorescence　using　fluorescein＜oupled　anti－im－
munoglobu1口1（Holborow　e七a1．，1959）．　However，　the七iters　of　microsomal

an七ibodies（MCHA）demonstrated　in　the　hemagglu七ination　test（Amino　et　al．，

1976）did　not　seem　to　correlate　with　the　activity　of　cytotoxic　antibodies

（unpublished）．　Further　study　is　n㏄essary　to　clarify　the　nature　of　cytotoxic

an七ibody．

　　ωder　et　a1．（1973b）｛md　Wasse㎜｛m　et　al．（1974）examined　ADCC
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assays　using　human　thyroglobulin・coated　chicken　erythrocytes　as　targe七s　by

measuring　51Cr　release．　However，　no　assay　for　ADCC　against　human七hyroid

epithelial　cells　has　been　repor七ed．　In　our　me七hod　using　human　thyroid　epi一

七helial　cells，　lymphocyte－and　leukocyte・lnediated　ADCC　could　be　measured，

and　significant　cytotoxic　ac七ivities　were　observed　in　Hash㎞〇七〇，s　disease．

　　1・ing　et　aL（1965）血st　examined　the　assay　of　direct　lymphocyte　cytotoxity

on　human　thyroid　cell　monolayers　as　targets　by　estimating　morphological
change　and／or　release　of　32P．　However，　no　significant　cytotoxic　activity　was

found　on　incubation　for　20r　24　h，　even　at　E／T　ratios　of　102－103／1．　Later，

Podleski（1972）and　Calder　et　al．（1973a）reported　sign廿icant　cytotoxicity

using　thyroid　antigen℃oated　mas七〇cytoma　cells　or　chicken　erythrocytes　and

measuring　51Cr　release．　On　the　other　hand，　Laryea　et　a1．（1973）found

significan七cy七〇toxic　activity　in　leukocytes　from　patients　with　Hashhnoto，s

disease　in　an　assay　using　human　thyroid　cell　monolayers　and　Ineas頭ng　up・

take　of　1311．　h　our　assay　using　a　h㎜an　thyroid　cell　monolayer　fo㎜ed　by

single　thyroid　epithelial　cells，　significant　d丘ect　lymphocy七e　cytotoxicity　was

demonstrated　in　Hashimoto，s　disease　at　an　E／T　ratio　of　abou七10／1．

　　Ling　et　aL（1965）observed　that　not　only　lymphocytes　from　cases　of　Hashi・

moto，s　disease　but　also　normal　lymphocytes　tended七〇clump　in　areas　of　cul－

tured　thyroid　cells　and　that　this　was　more　common　at　highef　lymphocyte

concen七rations．　Using　our　assay　system，　we　also　observed七hat　effector　cells

tended　to　clump　and　become　a七tached　to　target　thyroid　cells　regardless　of

the　presence　or　absence　of　serum　from　cases　of　Hashimoto，s　disease　in　assays

of　ADCC　and　d丘ec七lymphocyte　cytotoxici七y，　particularly　when　the　E／T

ratio　was　more　than　10．　This　adherence　of　effector　cells　to　targe七thyroid

ce11s　sometimes　interfered　with　counting　of　remaming　thyroid　cells．　It　is

necessary　to　develop　a　simple　and　effec七ive　method　for　removal　of　non－

specific　adherent　effector　cells　and　to　clarify七he　mechanism　of　this

adherence．
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MEDICAL　INTELLIGENCE

HIGH　PREVALENCE　OF　TRANSIENT
POST－PARTUM　THYROTOXICOSIS
　　　　　　AND　HYPOTHYROIDISM

隠鵬麟、；・蹴
　　　　　　　　　　　　　　　　　　　　　　　　　gglutination　antlbody，　complete

NoBuYuKI　AMINo，　M．D．，　HIDEMITsu　MoRI，　MD、，

YosHINoRI　IwATANI，　M．D．，　OsAMu　TANIzAwA，　M．D．，

　　MINoRu　KAwAsHIMA，　MT．，　IsAo　TsuGE，　M．D．，

KENJIRo　IBARAGI，　M．D．，　YuIcHI　KuMAHARA，　M．D．，

　　　　　　　　　　　AND　KIYosHI　MIYAI，　MD．

　　　　HE仕equent　occurrence　of　post’partum　hypo－T，hy，。、d、，m　ass。，、。，。d　w、，h。nd。m、。　g。i，。，　was

described　by　Roberton　in　1948．11n　general，　how－

cver，　post－partum　hypothyroidism　is　thought　to　re・

sult仕om　hypopituitarism．2　We　havc　found　that　in

Japan　transient　thyrotoxicosis　or　hypothyroidism　or

transient　thyrotoxicosis飴llowed　by　hypothyroidism
often　occurs　after　dclivery　in　patients　with　autoim・

mune　thyroid　diseases．3・4　Similar　post．partum　syn．

dromes　have　been　observed　in　Canada，5　England，6

and　the　United　States／We　suggested　that　the　physi－

ologic　and　immunologic　changes　associated　with
gestation　might　induce　post－partum　aggravation　of

autoimmune　thyroid　diseases，　and　spcculated　that　a

subclinical　R）rm　of　thc　disease　might　develop　into

overt　disease　after　delivery．8’g　Subclinical　auto－

immune　thyroiditis　has　been　R）und　in　8．5　per　cent　of

women　in．　the　general　population　of　Japan．10　There－

R）re，　we　made　a　population　survey　of　post－partum

thyroid　dysfunction　and　fbund　that　5．5　per　ccnt　of

post－partum　women　had　transient　thyrotoxicosis　or
hypothyroidism．　The　prevalence　of　thyroid　dysfunc一
　ロ

tlon　was　highcr　in　womcn　giving　birth　to　a　girL　Inter－

estingly，　the　condition　of　somc　of　these　paticnts　mim－

icked　so－called　post．partum　psychosis．11・12

METHODS
　Al1507　mothers　who　had　delivered　babies　at　Aizenbashi　Hospi・

tal　between　Septemberユ979　and　September　1980　werc　examined

three　months　post　partum．　The　neck　was　palpated　by　one　of　us

（N．A．），　and　serum　thyroxine（T4）（normal，4．6　to　11．0μg　per　deci・

Uter［59　to　142　nmol　per　hter］），　triiodothyronine（T3）（norma1，110

blood　counts，　and　25　biochemical　constituents　were　measured　in　all

su〔ガects．　Any　su句ect　in　whom　the　transverse　width　of　the　thyroid

gland　was　more　than　4．O　cm　was　considered　to　have　a　goiter，

　　Al122　su句ects　who　had　abnormal　thyroid　f皿ction　three　months

post　partum，250f　43　euthyroid　su句ects　with　positive　tests最）r　mi．

crosomal　hemagglutination　antibodies，　and　160f　21　euthyroid　sub．

jccts　with　goiter　and　negative　tests　R）r　antibodies　were　followed．

These　63　su句ects　were　examined　monthlyむom　the　third　through

the　sixth　month　after　delivery．　Any　sψject　in　whom　thyroid　func－

tion　continued　to　be　abnormal　was口）110wed　longer．　Insu句ects　with

high　or　low　serum　levels　of　thyroid　hormones，　free　T4（normal，ユ．O

to　2．I　nanograms　per　deciliter［13to　27　pmol　per　literl）was　meas．

ured．　In　some　su句ects，　the　serum　concentration　of　T4・binding　glob－

ulin（normal，13．9　to　31．4μg　per　mnlillter）was　measured　to　con－

firm　a　suspected　abnormality．　Thyrotoxicosis　was　diagnosed　on　the

basis　of　clinical　and　laboratory　findings　indicat三ng　hyperactive

thyroid　function（serum　T4＞11．0μg　per　deciliter［〉ユ42　nmol

per　liter］，T3＞200　ng　pcr　deciliter［＞3．1　nmol　per　liter］，and　free

T4＞2．1　ng　per　deciliter［＞27　pmol　per　liter］）．　Primary　hypothy－

roidism　was　diagnosed　on　the　basis　of　hypometabolic　signs　and

symptoms　of　rcduced　thyroid　function（T4＜4．6μg　per　deci［iter

｛＜59nmol　per　liter］，庁ee　T4＜1．O　ng　per　deciliter［〈13pmol　per

literj，　and　TSH＞10　mU　per　Uter）．　The　uptake　of　radioactive　io．

dine　by　the　thyroid　gland　was　measured　with　the　standard　tech－

nique　in　some　patients　with　thyrotoxicosis．　Serum　levels　of　T4，　T3，

TSH，　Tべbinding　globulin，仕ee　T4，　antibody　to　thyroglobulin，　and

microsomal　hemagglutination　antibody　were　measured　as　de－
scribed　previously・13＾重5

　Symμoms　at　three　months　post　partum　were　investigated　in

all　su句ects　with　a　questionnaire　containing　47　items　on　thyroid

dysfunction　and　mental　disorders．　Statistical　analyses　wcre　per’

formed　with　Student’s　t－test，　the　Mann－Whitney　U　test，　and　the

chi－square　tesし

　　　　　　　　　　　　　　　　　　　RESULTS

　　Table　l　shows　the　abnormalities　in　thyroid　func．

tion　present　three　to　eight　months　aner　delivery．　Two

of　the　507　su句ccts　were　diagnosed　as　having‘‘simple

goiter”befbrc　pregnancy，　but　the　other　505　had　no

previous　history　of　a　thyroid　abnormality．　Most　pa－

tients　with　post－partum　thyroid　dysfunction　had　posi．

tive　tests　R）r　antithyroid　microsomal　hemagglutina－

tion　antibodies．　Half　the　patients　with　post－partum

thyrotoxicosis　had　goiter．　Only　one　patient，　who　first

had　transient　thyrotoxicosis　and　then　had　transient

hypothyroidism，　had　neither　thyroid　enlargement　nor

Table　1． Abnormal　Thyroid　Function　Three　to　Eight　Months　，．

　　　　Post　partum　among　Sublects．

　From　the　Central　Laboratory　fbr　Clinical　lnvestigation　and　the　Depart－

ment　of　Laboratory　Medicine，　the　Department　ofObstetrics　and　GynecoL

ogy，　and　the　Department　of　Medicine　and　Geriatrics，　Osaka　University

School　of　Medicine；and　Aizenbashi　Hospital，　Osaka，　Japan．　Address　re・

Pnワt　requests　to　Dr．　Amino　at　the　Central　Laboratory　for　ClinicaHnvesti－

9atlon，　Osaka　University　School　of　Medicine，1・1’50　Fukushima，　Fuku・
shima・ku，　Osaka　553，　Japan．

．Supported　in　part　by　a　research　grant　from　the　Intractable　Diseases　Divi－

§10n，　PubUc　Hcalth　Bureau，　Ministry　of　Heahh　and　Wel飴re，　and　a　Grant－

In“Aid　n）r　Scientinc　Research（56570261）to　Dr．　Amino　from　the　Ministry　of

Bd・・ati・・，　S・i・・ce・・nd　C・lt・…fJ・pan．

TYPE　oF　ABNoRMALITY

Transientthyrotoxicosis　alone

Transient　thyrotoxicosis

　followed　by　transient

　hypothyroidism

Persistent　thyrotoxicosis

Transient　hypothyroidism　alone

Persistent　hypothyroidism

　　　Total

　NO．　OF

SUBJECTS

〔PER　CENT）

B（2．6）

7（1．4）

0

7（1．4）

1（0．2）

28（5．5）

　　　No．WITH
ABNORMAL　FINDINGS＊

GOiTER　　TGHA　　MCHA

6
4
「

0

7

1
8
1

5

3

0

3

1
一
1
2

11

6

0

7

1
一
2
5

　＊TGHA　denotes　antithyroglobulin　antibodies，　and　MCHA　antithyroid　microsomal

hemaggbtinaUon　a加bodies．

Reprinted　from　the／Vぴ・E’18’αη4　Joμrηα’qr　Mρ41c〃1ε

　　　　　　　　3063849－852（Aprn　8）、1982



antithyroid　antibodies　during　the　observation　period．

All　the　other　patients　had　antithyroid　antibodies　or

thyroid　enlargement　or　both．

　　Three　months　a丘er　dclivcry，19　su句ects　had　high

levels　of　both　T4　and　T3．　Of　these，17　su句ects　had　in－

creased　levels　of　fごee　T4　and　were　diagnosed　as　having

thyrotoxicosis’In　all　patients　the　thyrotoxicosis　was

transient，　and　in｛ive　patients　transient　hypothyroid亀

ism　subsequently　developed　at　k）ur　to　six　months　post

partum．　Two　su句ects　with　normal　levels　of仕ee　T4

had　high　levels　of　T4－binding　globulin（32．O　and　36．3

μgper　milliliter，　respectively）；the　results　of　their

liver－function　tests　were　normal，　and　they　were　Con・

sidered　to　have　only　a　slight　increase　in　Tべbinding

globulin．　Prlmary　hypothyroidism　was　R）und　three

months　post　partum　in　nve　su句ects，　in氏）ur　of　whom

it　was　transient．　Forty－one　euthyroid　su切ects　who

had　antithyroid　antibodies　or　goiter、　or　both　thrce

months　post　partum　were　available　fbr　follow．up：

transient　thyrotoxicosis丘）llowed　by　transient　hypo－

thyroidism　developed　in　two，　transient　thyrotoxicosis

in　one，　and　transient　hypothyroidism　in　three．　In　all，

280f　the　507　su句ects（5．5　per　cent）were　fbund　to

have　thyrotoxicosis　or　hypothyroidism、　Pituitary
hypothyroid輌sm　waS　not　observed　in　this　study，　Two

su句ects　had　a　small　nodular　goiter　suggestive　of　thy－

roid　adenoma．
　　In　seven　of　eight　patients　with　post－partum　hypo・

thyroidisrn，　thyroid　fUnction　spontaneously　returned

to　normal　n）ur　to　six　months　post　partum，　but　one　pa－

tient　with　hypothyroidism（T4＜1．0μg　per　deciliter

［＜13nmol　per　liter］；T3，70　ng　per　deciliter［1．1　nmol

per　literl；仕ee　T4，0．3　ng　per　dec三liter［3．9　pmol　per

liter】；and　TSH，364　mU　per　liter）did　not　recover．

Replacement　therapy　with　T3　was　started　eight
months　a丘er　delivery　because　of　severe　symptoms　of

hypometabolism．　Replacement　therapy　was　stopped

13months　after　delivery；when　the　same　degree　of
hypothyroidism　recurred，　the　patient　was　nnally　di－

agnosed　as　having　persistent　hypothyroidism
　　At　three　months　post　partum，　antithyroid　anti－

bodies　were　fbund　in　62　su均ects（12．2　per　cent）．　This

prevalence　was　significantly　higher　than　that　in　the

nonpregnant　controls　of　similar　age（370f　477，0r　7．8

per　cent）（P＜0．02）．

　　The　thyrotoxic　state　usually　persisted　R）r　one　to　two

months，　but　in　three　cases　it　persisted　R）r　nearly　three

months．　None　of　the　patients　wlth　post－partum　thy－

rotoxicosis　had　neck　pain　or丘ver．　All　cases　of　thyro－

toxicosis　except　one　were　considered　to　have　been　in－

duced　by　thyroid　destruction，13　because　of　the　later

development　of　hypothyroidism，　a　low　T3／T4（nano・

grams／micrograms）ratio13（＜20），　or　low　radio・
active－iodine　uptake．　One　patient　with　thyrotoxicosis

of　three　months’duration　and　an　exceptionally　high

T3／T4　ratio　（26．4）seemed　to　have　stimulation－

induced　thyrotoxicosis；however，　her　radioactive－

iodine　uptake　was　not　measured　because　she　wished

to　continue　breast・fbeding．　The　levels　of　free　T4　were

35．土0．9ng　per　deciliter（45士12pmol　per　liter）（mean

±S．D．）in　20　patients　with　post．partum　thyrotoxico．

sis　－　signincantly　higher　than　those　in　33　norrnal

controls（1．6±0．2　ng　per　deciliter［21士2．6　pmol　per

literD（P＜0．001）and　significantly　lower　than　thosc　in

15patientS　with　untreated　Graves’disease（5．4土1。4

ng　per　deciliter［70±18　pmol　per　literl）（P＜0．01）．

The　levels　of　free　T4　and　TSH　in　15patients　with　post・

partum　hypothyroidism　were　O．5士0．2　ng　per　decili－

ter（65土2．6　pmol　per　litcr）and　99土96　mU　per　liter，

respectively．

　　Table　2　compares　the　symptoms　of　patients　with

post－partum　thyrotoxicosis　with　those　of　post－partum

controls．　Mild　anemia　and　abnormal　liver　function

were　fbund　in　3．6　per　cent　and　8．1　per　cent，　respec・

tively，　of　the　post－partum　su句ects．　Control　su句ects

had　many　symptoms，　Therefbre，　only　fatigue　and　pal－

pitation　were　significantly　different　in　prevalence

when　the　patients　were　compared　with　the　controls．

However，　the　severity　of　these　symptoms　was　more

marked　in　the　patients　in　whom　thyrotoxicosis　con－

tinued　lbr　more　than　two　months．　One　patient　was

admitted　to　the　hospital　about　one　month　post　par－

tum　because　of　psychoneurotic　reaction　and　was
五）und　to　have　thyrotoxicosis．　Another　patient　with

thyrotoxicosis　had　symptoms　similar　to　those　of
“ transient　attacks　of　exciternent　and　confusion，，16；

the　value　for　T4　was　17．9μg　per　deciliter（231　nmol

per　liter），　T3　was　474　ng　per　deciliter（7．3　nmol　per

liter），　and　free　T4　was　4．3ng　per　deciliter（55pmol　per

liter）．　One　patient　with　hypothyroidism（T4＜1．0μg

per　deciliter［＜13　nmol　per　liter］；T3，93　ng　per　deci－

liter［14nmol　per　literl；仕ee　T4，0．4　ng　per　deciliter

［5．2plnol　per　liter｝；and　TSH，280　mU　per　liter）had

a　depressive　reaction　character輌zed　by　physical　and

mental　lethargy，　retardation　of　thought　and　action，

and　emotional　depression．　The　psychotic　symptoms　of

these　three　patients　disappeared　when　they　became

euthyroid　again．

　　The　development　of　post・partuln　thyroid　dysfunc・

tion　was　not　related　to　age，　parity，　breast－fヒed輌ng，　or

the　economic　situation　of　the　mother，　Interestingly，22

0f　28　patients（79　per　cent）with　post－partum　thyro三d

dysfdnction　gave　birth　to　girls，　in　contrast　to　2080f

Table　2．　Symptoms　in　20　Patients　wlth　Post－par加m　Thyro－

　　　　　　　toxicosis　and　254　Post－partum　Controls．

SYMPToM

Shoulder　st三品ess

Fatigue

Increased　appe6te

Increased　sweaUng

Pa1P三taUon

NervousneSS

Hypersensitivity　to　heat

Weight］oss

PATIENTS

刀o．♂％ノ

13（65）

11（55）＊

8（40）

4（20）

4（20）†

3G5）

2（10）

1（5）

CONTROLS

ηoイ％1

119（47）

75（30）

72（28）

23（9）

13（5）

39（15）

22（9）

　8（3）

． Significantly　difふrent　fmm　control　value（Pく0．02　by　chi・square　test）．

†Signl瞳cantly　dlf＆renはom　cont’o】va］ue（P＜0．05　by　chl・square　tcst）．



442controls（47　per　cent）（P＜0．01）．　In　all，30　sub－

jects　had　antithyroid－antibody　titers　of　lO×27　0r

higher　three　months　post　partum，　and　of　these，18had

girls　and　12　had　boys．　In　130f　the　fbrmer　18su句ects

（72pcr　cent）and　in　three　of　the　latter　12　suhlects（25

per　cent）post－partum　thyroid　dysfunction　occurred
（P＜0．05）．

DISCUSSION

　　It　is　known　that　post－partum　hypothyroidism　oc－

curs　as　a　result　of　hypopituitarism．2　The　incidence　of

post－partum　hypopituitarism　has　been　estimated　to
be　O．003　per　cent（R）ur　of　124，752　deliveries）．17　This

study，　however，　revealed　a　higher　rate（3．Oper　cent）of

primary　hypothyroidism　in　the　post－partum　period，

although　in　most　cases　the　disorder　was　transient．

Thc　prevalence　of　persistent　primary　hypothyroidism

was　only　O．2　per　cent，　but　this∬gure　was　stillらr

higher　than　that　R）r　post－partum　pituitary　hypothy－

roidism（P＜0．001）．　The　prevalence　of　post－partum

thyroid　dysfunction　increased　to　5．5　per　cent　when

thyrotoxicosis　was　included．　It　is　likely　that　some

transient　abnormalities　had　disappeared　by　three

months　post　partum．　Some　su句ects　with　antithyroid

microsomal　hemagglutination　antibodies　could　not　be

丘）llowed　in　this　study．　ThereR）re，　the　real　incidence　of

post．partum　thyroid　dysfUnction　may　be　even　higher．

　　In　autopsy　studies　we　fbund　an　association　be－

tween　the　presence　of　antithyroid　antibodies　and　lym－

phocytic　inflltration　in　the　thyroid　gland　in　suhlects

without　overt　thyroid　disease．18　Therefbre　it　has　been

suggested　that　su句ects　with　these　antibodies　have

autoimmune　thyroiditis　irrespective　of　whether　they

have　thyroid　enlargement．to　The　high　prevalence　of

post－partum　thyroid　dyshmction　associated　with　anti－

thyroid　antibodies　in　this　study　strongly　supPorts　our

hypothesis　that　these　post－partum　abnormalities　are

induced　by　aggravation　of　subclinical　autoimmune
thyroid　disease．8・9　Women　with　autoimmune　thyroid－

itis　and　preexisting　Graves’disease　often　have　a

dramatic伍ll　in　antithyroid　antibody　titers　during　ges－

tation，　and　more　than　half　these　patients　have　a　tran－

slent　increase　in　these　titers　three　to飯）ur　months　post

partum　to　levels　greater　than　those　present　beR）re

prcgnancy．91n　some　cases，　antibody　became　detect－

able　transiently　after　delivery．9　Such　changes　may　be

related　to　the　high．　incidence　of　antithyroid　anti－

bodies　three　months　post　partum　in　this　study．

　　Sheehan　reported　that　79　per　cent　of　patients　with

post－partum　hypopituitarism　had　round－cell　inmtra－

tion　and　lymphoid　R）llicles　in　the　thyroid　gland．2　This

finding　suggests　the　coexistence　of　post－partum　hypo－

pituitarism　and　autoimmunc　thyroiditis．　Thus，　it　may

be　necessary　to　investigate　primary　thyroid　dyshlnc－

tion　in　pat輌ents　with　Sheehan’s　syndrome．

　　It　should　be　emphasized　that　half　the　patients　with

post－partum　thyrotoxicosis　in　our　study　did　not　have

thyroid　enlargement．　ThereR）re，　even　if　post－partum

women　have　no　palpable　goiter，　their　thyroid　fUnc－

tion　should　be　examined　if　they　have　hypermetabolic

symptoms．　It　is　unlikely　that　the　occurrence　of　post－

partum　thyrotoxicosis　is　related　to　the　decrease　in　T4－

binding　globulin　that　occurs　a銑er　delivery，　since　fどee

T41evels　were　normal　even　one　month　post　partum．15

All　except　one　of　our　cases　of　post－partum　thyrotoxi．

cosis　were　considered　to　be　due　to　thyroid　destruc－

tion．　Measurement　of　radioactive－iodine　uptake　is

rnore　　reliabie　fbr　dif丘rentiation　　of　destruction一

三nduced　thyrotoxicosis仕om　Graves’disease13　but　is

contraindicated　in　women　who　wish　to　breast一丘ed．

The　T3／T4　ratio　is　also　usefUl最）r　diffξrentiation　of　two

types　of　thyrotoxicosis，13　although　this　point　is　not　ac－

ccpted　by　all　workers．19

　　All　cases　of　post－partum　thyrotoxicosis　were　se1仁

limited，　and　thyrotoxic　symptoms　were　transient．　The

control　post－partum　women　also　had　various　symp－

toms（also　reported　by　Jacobson　et　aL20），　which　may

have　obscured　the　existence　of　post－partum　thyroid

dysfunction．　Only　the　frequency　of　thyrotoxic　symp．

toms　ofらtigue　and　palpitation　di洗red　in　our　pa－

tients　and　controls，　although　the　severity　of　symp．

toms　was　greater　in　some　of　the　patients．　The　three

patients　with　post－partum　thyroid　dysfunction　had

symptoms　similar　to　those　of　patients　with　so－called

post－partum　psychosis．11・12・161t　is　interesting　to　spec－

ulate　that　an　acute，　dramatic　change　in　serum　levels　of

thyroid　hormoncs　may　induce　overt　psychosis　in　sub－

jects　with　a　predisposition　to　psychosis．　Further　stud－

ies　are　necessary　to　clarifタthe　relation　between　post－

partum　psychosis　and　thyroid　dys｛Unction．　When
patients　report　moderate　or　severe　symptoms　of　thy－

rotoxicosis，　a　mild　tranquilizer　orβ一blocker　may　be

used　temporarily．　Replacement　therapy　with　a　sub－

maximal　dose　of　T3　may　be　useful氏）r　post－partum

hypothyroidism　when　patients　report　severe　hypo－

metabolic　symptoms，　since　spontaneous　recovery　of

thyroid　fUnction　can　be　predicted．21

　　Surprisingly，　thyroid　dysfUnction　was　more畑．

quent　in　women　giving　birth　to　girls（飴male　births　l

male　births，4：1）．　Moreover，　among　su句ects　with

antithyroid　m輌crosomal　hemagglutination　antibody
titers　of　10×270r　higher，　mothers　of　girls　had　a　high－

er　rate　of　post－parturn　thyroid　dysfunction．　It　is　pos－

siblc　that　the　gestational　and　post－partum　state　of　im－

munologic　surveillance　in　women　who　conceive飴一
males　di提rs　from　that　in　women　who　conceive　males．

　We　are　indebted　to　Dr．　Kazuhiko　Nishimura　fbr　help　in　exam・

ination　of　patients，　to　Dr．　Keiichi　Kurachiρ）r　constant　encourage－

ment，　and　to　Misses　Hatsue　Miyoshi　and　Masako　Kawai｛br　as・

Slstance．
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