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MED ICAL GRAND ROUNDS 

Pf\f~KLArJD ME,..,10R I AL HOSP I Tf\L 

26 Februar y 1970 

TH E RAT IONfl.LE AND APPROACH TO llv1MUNOSUPPRES_;)JR_ __ ]l-IERAPY 

I . Th e Pattern of th e Immun e Response : 

I • A f fer en i· Phase: 

I • ) 

2. ) 

Anti gen reac hes or st imu lates potentia l an ti body produc in g ee l Is or ee l Is in 
vo l ved in a n immuno logica l reaction. 

A. Anti ge n Trapp~: 

Effici en t ant ige n trapping must occ ur as the ini tia l step. 

Ada, G. L., Par i s h , C. R., Nossa l , G. J. V. a nd Abbot,·A.: The Tis s ue Loca l iza
ti on, l mm unog(~ ni c, and To lerance- Ind uc in g Propert ies o f Ant i gens a nd Ant i gen 
Fragments. In Co l d Spr ing Harbor Sympos ia on Quantitat i ve Bio logy: "Ant ibodies " 
32:38 1 , I 967. 

Nossa l , G. J. V. : Bul let a nd Target - An Analys is o f Antigenic St im u lat io n . 
J . In vest. De rm. 49 :358, 1967. 

Us in g labe led high ly pur ifi ed prote in ant i ge n f l age l I in (immunogen ic at lo-9 
leve l) as we i I as sub-units th ey demo nstrated that on ly 4% of the i n j ecte d anti gen 
actua ll y reaches the site of antibody formation, 

Two typ es of antige n captur e occ ur: 

I . ) Medu l !a-Lymph Node: inges ti o n by mac rophages by e ith e r mi c r openocytos i s 
(c e ll s ur-f- ace pi·rs bud ded cr·ea·r i ng facuoles of 4-0 rn11 t o 500 rn11 in diamete r , or by 
direct penetration of t he pl asma membr a ne. In either case th e ingested l a be l ed 
a nti ge n becomes surrounded by ves ic les wii·h ul tras tructur a l character i s ti cs o f 
proto l ysosomes forming a membrane- bounded ant igen-cont a ining lysosome- ! ike 
inc lusion . 

2. ) Cortex-Lymph Node: antigen enters th e fo lli c le from th e l ymph sinus 
and ma intains an extr ace llul ar location on pl asma membrane of r et icular ee l Is 
perh aps provi ding a l a r·ge s ur- face area for contac t or· "press " wii·h lymphocyte 
membr ane. 

(In secondary responses - 3rd type of local i za tion in macrop hages o f seco ndary 
lymphoid fo il ic l e. ) 

3. ) Frei , P. C. , Be nacerra f , B. and Th orbec ke, G. J . : Phagocytos i s of th e Antige n, A 
Cruc ia l Step in ih e Induction o f the Pr ima ry Response. Proc. Nat. Acad . Sc i . 53 : 
20 ' 1965 . 
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B. Ant ige n Process~ : 

Some form of "biochem ica l process i ng" of -;·he ant i gen i s probab ly cr i t ica l 
t o provide, by thi s digestion, immunogenic fragments (3 ) . 

I • Ma crophage: 
2. Lymphocyte: 

"d igestion "to immunogenic fra gments 
?a lterat ion of the "mor-e so lub le fr agments " 

4.) Najjar, V. A., Robin son, J . P., Lawton, A. R. and Fida lgo, B. V.: The Phys io log ical 
Role of the Lymphoid System, I ; An Extension of the Mechan i sm of Ant i bo dy-Ant ige n 
React ion. Joh ns Hopk ins Med . J . 120:63, 1967. 

- s uggesting there rna~ be i nduced conformat iona l changes i n th e Ant igen dur i ng 
this process . 

C. Preparatio n For Antibody Induct ion: 

TNA fr om the above ee l Is interac t with the immunogenic · fr agment : 

I . Formati on of "s up er -anti gen " ; or RNA-Ant igen comp lex: This comp lex 
i s f ormed by +he immunogenic fr- agment and a sma ll F\NA molecu le der i ved from 
th e macrophage. Thi s RW\ has no ev i dent i nd i vi dua I i mmuno I og i c specific ity, 
but has capacity t o bind the antigenic fragment. 

5.) Fishma n, ~1.: Antibody Format ion In Vitro. J. Exp . ~1ed. 114 :837 , 196 1. 

6. ) Gottl i eb, A. A., Gl i s i n, U. R. and Doty, P .: Stud i es on Macrophage RNA Invo l ved In 
Antibody Prod uction. Proc. Nat . Acad . Sci . 57 : 1849, 1967. 

-this RNA-antigen comp lex may be th e essentia l route by which l gG (75) antibody 
production potential is transm itted tc the lympho i d ee l I, as s uggested by the ev i 
de nce that lgG an tibodies possessed the r ec ipi ent a l lotyp es. 

2. For·mat ion of Heavey \•li ~;ht RNA -.!.lQ!l aQt i gen comp I exed. This heavy we igh t 
macrop hage RNA (est imai ed mo l. wt . I .6 X I OJ ) mo ie ty does not appear t o 
actua ll y bi nd ant i gen , but i n a sense i s '~ rog ramrned with imm uno logica ll y 
specific infor·rnation ". 

7,) Fishman, M. and Adler, F. L.: The Ro le o f Macrophage-RNA In the Immun e Response. 
'-..... Cold Springs Har-bor Sympos ium: Antibodi es . 32:343 , 1967. 

-Th i s non-ant i gen bound, but "informed fragment" appea r s t o be essent ia l f or 
lgM (19S) ant ibody syn t hes i s stimu lat ion s ince th e lgM ant ibodies prod uced contained 
th e al lotypes o f the dono r macrophages. 

D. Transpor t t o lmmunoi_Qgjca ll y Conmetent _Q.Pdj_~: 

8. ) Gal I i l y, R. and Fe ldman, M.: The Ro le o f Mac rophages In the In duction of Antibody 
In X- l rrad iated Animals. lmmuno l. 12: 197, 1967. 

9.) Fe l dman, t~. and Ga lli ly, R.: Cel l Interact ions in the Inducti on of Antibody Forma
tion, Cold Spr i ng Harbor Sympos ium: Aniibodies 32 :4 15, 1967. 
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2 . Centra l Phase: 

Represents the padic ipat ion of the potent-icll immuno logica ll y act ive ce l l s . 

A. Recep t ion : 

Transfer of the message to th e operationa l ee l !s f!!.§Y be by di rect penetra
tion -

10 . ) Fi s hman , M.,Hammerstrom, R. A. and Bond, V. P.: In Vitro Transfer ot Macrophage RNA 
to Lymph Node Cel Is. Nature 198:549 , 1963 . 

-or by pinocytotic transfer to -J-he uropod of ·t-he l ymphocyte. 

I I,) McFarl a nd, W. a nd Sch ec hter, G. P . : Electron Microscop ic Stud ies ot Lymphocytes i n 
Immuno log ic React ions in Vitro. Proc. XI I Amer. Soc . Heme. 12:22, 1969. 

- demonstrated "probe and attack" r e lat ionsh ip betvteen lymphocyt e and monocyte . 
-or tl1ere may be h igh ly spec i fic recep t or s ites which may be ant ibody-! ike mo le-

cu l es on the surface vthose b in d i no characteristics are I ike those of the ant i body 
synthes ized by the ce l.l upon stim~ l at i on by antigen. · 

12. ) Burnet, F. M. and Fenner , F.: The Product ion of Ant ibod ies . Macm ill an, Me lbou r ne, 
Austr a li a, 1949 . 

-essent ia ll y propos ing that th e actua l r ecogn i t ion of se l f i s not genet ica ll y 
determ ined, but r ather is acqu i red during autogenesis when immuno logica l competence 
deve I ops due to the constant presence of "auto" an·r i gens. 

Receptor specif· ic ity i s c lear l y cr i t ica l i n the r·esponse of immuno log ica ll y com
mitted ee l Is , a ph e nomenon more germane to th e iss ue of immunosupp r ess ive ther apy in 
ma n, since except tor the c i rc umstance of t he homogra f-t- (i'i ss ue iTansp lant) our 
clini ca l i nte r vent io n can on ly occur in an a l r eady r es pond i ng system . In thi s cir
cumstance th e best data tor an extraordinary degree of receptor sensitivity for anti
gen ex ists. 

13. ) Sc hl ossman, S. F., He rman, J. and Yaro n, A. : Ant igen Recognit ion : In Vitro Stud ies 
On Th e Spec ifi c ity of The Ce ll u lar Immune Re sponse. J. Exp. Med. 130: 103 1, 1969. 

Ei sen, H. N. and S iskind, G. W.: Var iat ions In Affin i ties of Antibod ies During The 
Immune Response. Biochem. 3:966 , 1964 . 

B. Reac tion.: 

Th en antigen, processed ant igen ( fragme nt+ RNA ) or i nformed RNA s ti mu-
1 ates the r espons ive ce I I poo I (I yrnphoc ytes ) to: 

a ) divide - i .c. rep I icate. 
b) d i H erent i ate into ani· i body-synthes iz in g p I asma ce I Is. 
c ) secrete antibody. 
d) participate as the ac t i ve res ponders in de layed hyper sens iti v ity re

act ions . 

·. 
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15. ) Claff in, A. J . and Smi-thi es, 0 . : Antibody-produc in g Ce ll s In Div is ion . 
Sc i • I 57: I 56 I , I 967 • 

16. ) Byf-ie l d, P . and Sercarz, E. : Th e X-Y-Z Scheme of- lmmu nocyte Matura-t- ion. 
VI I Ce l I Div is ion and Th e Estab li shment of Shor-t--Term l gM Memory. J. Exp. 
Med. 129:897, 1969. 

17 . ) Richter, M.: Ce lI s Involved In Th e Immun e Respons e , XI I I. Th e Nature ot Th e 
Ce I I u I ar Inte r-actions Re I at i ng Anti body Forma·r ion and lmmuno I og i c To I era nee: 
A Unified Hypothesis. Proc. Nat. Acad. Sci. 64:75, 1969. 

18 .) Mill er, J . F. A. P.: Th e Ro le of Blood Ce ll s In Immunity . Brit. J. Ha em . 
I 6:33 1 , 1969 . 

19. ) Elli s, S. T., Gowans, J. L. and Howard, J. C. : Ce ll ular Events Dur ing the 
Format ion of Antibody. Cold Spr in gs Harbor Sympos ium : Antibodi es. 32:395, 
1967. 

C. Pro l-iferat ion: 

-Assoc iated formation of germinal centers in di stant l ympho id t i ss ue wh ich 
appears to be brought about by mi gr·a·r ion of 11pyrinoph i I ic " l ympho i d ce ll s (pl asma
cytoid ee l Is ) that can be identified in the efferent lymphatic channels after 
antigen trapp ing. In addit ion there is rep I icat ion 6r product ion of ee l Is to a 
given cr i tica l productive mass. 

20.} Frenke l , E. P. , Sugino, Y. , Bis hop, R. C. and Po~rer, R. L.: Effect of X
Radiat ion on DNA Metabo l ism In Var i ous Tissues of th e Rat. VI. Correlat ive 
Morpho log ic and Biochemica l Changes During the Regenerat ion of Th e Thymus. 
Radi at. Res. 19:70 1, 1963. 

21.) Frenke l , E. P., Sk in ner, vi. N. and Smi ley, J.D.: Studi es On A Metabo l ic 
Defect Induced By Hydroxyurea. Cancer Chemother. Rpts. 40 :1 9, 1964. 

This represents the express ion of th e immune r esponse on the host ee l Is: 

A. Anap hy laxis 
B. Cyto l ysis 
C. Comp I ex "p rec ipitat ion' ' 
D. De layed Hyp ersens iti v ity 

II . Aspects of lmml!.oosupJ!. r ess lml: 

A. Norma l f:.e ed bQ_ck Contro l.: 

C i rc u I at i ng clllt i body spec i f i ca I I y depresses the immune respo nse ·t-o an-r i ge n, 
so that a "norma l 11 interna l feedback contro l ex ists . Thi s is t ru e wh ethe r the 
ant i body is pass ive ly admin i stered or active ly synthes i zed. 

22 .) Sisk ind, G. W.: The Ro le of Circulating Antibody In Th e Contro l of Antibody 
Synthes is: Mec hani sm f or th e Suppress ive Effect of Pass ive Antibody on Active 
Antibody Synthes is. Transfus ion 8:127, 1968. 



Ind eed , an t· i body produced I a-re in "!-he i rnrnune response appears to be cons id er 
ably more effective i n suppression of furt he r antibody synthes is than i s ant ibody 
for med ear ly in the immun e r esponse. 

23.) Fink e lstei n, M. S. and Uhr, J. W.: Sp ec if ic Inhib i t ion of Ant i body Format ion 
By Pass ive ly Admin i stered 19S and 7S Ant i body. Sc ience 146 :67, 1964. 

24. ) S igze l I , H.: Antibody Synthesis At The Cal l u lar Level. Antibody Induc ed Sup
press ion of 7S Antibody Synthes is. J . Exp. Med. 124 :953 , 1966 . 

Thus , high leve ls of 75 Antibody vlill suppress 19S Ant i body pr'oduction . 

25.) Sah iar, K. and Schwartz, R. S.: Inhibiti on of 19S Ant i body Synthes is By 7S 
Antibody. Sc ience 145 :395, 1964. 

This may occur, i n part, because of the ab ili ty of circu lat i ng ant i body 
to bind antigen and thus limi·r the immun e response. Th e "feedback" requires 
th e presence of that portion of the antibody mol ec u le bear i ng spec ifi c bind in g 
s ites; thu s, dival ent Fab2 fragments are eff ective: 

26. ) Tao, T. and Uhr, J . W.: Capac ity of Peps in-Di gested Antibody t o Inhi bit Anti
body Format ion. Nature 2 12:208 , 1966 . 

27 .) 
II 

Uhr, J . \'/ , 21nd Mo il e r , G.: Regu lator y EHecr of Ant i body In Th e Immune 
Response. Adv. In lmm. (Edit. F. J . Dixon, J r . and H. G. Kunke l . Acad . Pr-ess, 
N. Y. 8:8 1, 1968. 

28 .) Fahey, J. L. and Robinson, A. G. : Factors Contro l I i ng Serum y-G iobu l i n Con
centration. J . Exp. ~·1 ed. 11 8:845, 1963. 

-demonstr-ated that anoth er centro I I i ng mec han i sm on the I 8Ve I of anti body 
produced rel ated to th e catabo li c rate of lgG. Thus an inc r ease in leve l of 
l gG is associat ed with an i ncreased catabo li c rate for lgG. App ears to be 
very spec if ic. Not true tor lgA and l gM. The mechanism f or increa~ed catabo-
1 ism i s located on the Fe fragment, but is immuno logica ll y non spec ific s ince 
a I I I gG has i ncr·eased cat abo I i sm. 

29. ) Dab is k i , S. a nd Fradette, K. : Th e Feedback Mechan i sm of lmmunog lobu l i n Sy nthe
s is . Pr-oc . Soc . Expt l. Bio i . & tv1ed. 122: 126 , 1966 . 

-furi·her- demons t r<Yred that a ll otypes on gamma g lobu lin cou l d be high ly 
specific in fe edback control r egulating fu r ther sy nthes is of gamma g lobu li n 
with that a ll otype. 

A stat e of unresponsiveness to ant i genic stimul us, whi c h in oth erw ise norma l 
individua ls resu lts i n a r esponse . 

"Phys i o I og i ca 111 To I er unce: 
30 .) Owens , R. 0 .: Immunogen et ic Consequences of Vascul ar An astomos is Between 

Bov in e Twi ns. Sc i. 102:400 , 1945 . 

31.) Hitch i ngs , G. H. and El ion , G. B. : Ch em ica l Suppress ion o f Th e Immune 
Response. Pharm. Rev. 15:365, 1963. 
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32. ) Mi ll er, J. F. A. P. and Osoba, D.: Current Concepts of The Immuno logica l 
Funct ion of The Thymus. Physiol. Rev. 47:437, 1967 . 

33.) Schwartz, R. S.: lmmunosuppr·essive Drugs. Progr- . Allergy 9 :246 , 1965. 

34. ) Parker, C. W. and Vavra, J .D.: Immunosuppress ion . Progr. Hemato logy 6: 1, 
1969. 

Uhr (27) has d i fferen t iated tol erance from s uppr ess ion: 
In tol erance the trans f er of lympho id ee l Is from a "tol erant " anima l 

to a second immuno logi cal l y i ncompetent recip ien t does not trans f er immuno 
logical resp ons ive ness. By contrast, i n suppress ion the lympho id ce lls f rom 
a "suppressed an ima l" 1·1hen ·t-,-ansferred to an imm unol og ica lly incompete nt 
animal can initi ate an immunolog ic r es ponse to appropriate corr espond ihg 
antigen. Th erefore unlike to lerance, suppr ess ion does not direct ly affect 
th e potentia I ant i body forming ce II s to the spec i f ic antigen. 

C. Immuno log ic Enhanc ement: 

Unde r- certain c ircumstances an en hance d or i ncreas~d anti body production 
occurs in response 1~ antige n. Thi s augme ntat io n o f response has been most ev iden t 
in s·l·ud i es directed toward suppress ion of the immu ne r esponse. A I thou gh an iss ue 
of popular foc us today because of our suppress ive attempts, i t i s not a new observa 
tion: 

35 .) Hek toen , L. : 
duci·ion. J. 

Effects of Roentgenization and Sp lenectomy on Antibody Pro
Inf ec t. Dis, 27:23, 1920. 

There i s a rapidly growin g I iterature on suc h en hanced responses and the 
ch a rac t er istic of the basis for enhancement appears to be the presence of 
ce ll damage: 

36. ) Dixon, F, J . and McConahey, P. J.: Enhancement of Antibody Formation By 
\~hole Body X-Radiation. J. Exp. Med. 11 7 :833, 19 63 . 

37.) Chanmougan, D. and Schwartz, R. S.: Enhancement of Antibody Synth es i s By 
6-Mercaptopurine. J. Exp. Med. 124:363 , 1966 . 

-this is an important observat ion because he correlated the known hyp er
plastic r esponse in lymph nodes following any type of injury (21) with ev idence 
of augmented antibody production when th e tis s ues are faced with e ither a low 
dose or weak ant igen, an unfortunately physiolog ic typ e of event in immuno
suppression. 

That such immunosuppress ion a lso occurs in man was amp ly demonstrated by: 
38. ) Swanson, M. and Sc hwar·tz, R. S.: lmmunosurp r-ess ive Therapy: Correlation 

Between Immu nological Competence and Cl in ica l Response. N.E.J.M. 277: IG3, 
1967. 

This is probab ly a ph enomeno n seen in ce llul ar injury genera ll y and repre
sents an i ss ue in immunosupp r ess ive attempts: 

39.) Gau m, J., L.i eb0rman n, G. and Frenkel, E. P . : Th e Eff ec t of lmmuno loqi ca ll y 
In duced Lyrnphc;penla on Antibody Forma'l'ion. J. lrnrnuno l. 102 :U37, 1969 . 

40. ) Sch11artz, R. S.: Immunos uppr ess ive Drug Therapy. f n ''Human Transp I ant at ion'' 
(Edit. F. T. Raparor ·l· and J. Dosset. Grune & Stratton, N.Y. pp 480, I 968. 
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41.) Taliaferro, vi. H. a nd Jaros low, B. N.: Th e Restoration of Hemo lysi n Forma
tion In X- rayed Rabb ii·s By Nuc leic Acid Der i vatives a nd Antagonists of Nuc le ic 
Acid Synthes is. J. Inf ec t . Dis . 107:34 1, 1960 . 

-apparent ly even o li gonuc leotides are ef f ec tive as adjuvants: 
42.) Brau n, 11/ .: Infl uence of Nucl e ic Acid Degradation Products on Ant ibody Synth e 

s is. In "f'.1ol ecu lar and Ce ll u lar Basis of An·l-ibody Format ion " . (Ed i-r. J. 
Ste,-zl) Academic Press, N.Y. p.525, 1965. 

I I I. Mec hanisms of Immunosuppress ion: 

A. Af ferent Blockade : 

I • By Antigen_: 

In bri II iant stud i es ~~i -i-cllis on has demonstrated that pro longed expos ure, of 
otherwise norma I ani rna Is, to a \•teak antigen spec if i ca I I y ,-educes the capac ity of 
immuno logica l responsiveness yie ld in g '~umulative immu~o l ogica l par a ly s is '' : 

43.) Mitchison, N. A. : In duct ion of Immuno log ica l Paralys i s In Two Zones of 
Dosage. Proc . Roya l Soc . 161:275, 1964. 

44.) Dresser, D. W. and Mitchi son, N. A.: The Mechan isms of Immun o logica l 
Paralysis. Adv. lmmuno l. 8:129, 1968. 

45.) De\'lec l<, A. L. and Fi-ey, J. R.: Immunosuppression By Antigen? An-t·i b iot ic a 
et Chemotherapia 15: 11 0 , 1969. 
-this two zone effect has been amply confirmed. 

46.) Nossa l, G. J. V._, Sho,-tman , 1<. D., lvli ll er, J . F. A. P., Mitch e ll, G. F. and 
Hask i II , J. S.: Th e Target Ce ll In The In duction of Imm uni ty and Tolerance. 
Cold Spring Harbor Sympos i a: Antibodi es 32:369, 1967. 

Antibody has the potential for the greatest spec ifi c ity s i nce ii· is th e 
mec han i sm which has direct select i ve antigen recognition and thus i t is a 
potentially antige n-specif ic immunosuppressive agent. 

Theobald Smith in 1909 demon s trated that the presence of pass ive 
anti body resh· i ctecl the ab iIi iy to immun i ze with the spec ifi c antigen: 

47.) Sm ith , T.: Active Immun i t y Produced By So-Ca l led Ba lanced or Neutra l 
Mixtures of Diphtheri a Tox in and Antitoxin. J. Exp. Med. I I :24 1, 1909. 

-thus ·rGta nus a nd diphther ia toxoids resui·J- in higher ant ibody titers 
wh on g ivan a I one than wh en g i ven 1·1i til anti taxi n. 
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Recent extens ive exp lorati on of this r e lat ions hip has yi e lded ext e ns ive 
d?, "l"a on t he bas i s and use of thi s ap proach large ly from the l aborc:rl·or ics of 
f ... 1o I I e r , Uhr and Sc hwartz : 

II 

Mo ll er, G. : Bio log ic Properti es of 19S and 7S Mouse Isoantibodi es Direc t ed 
Aga ins t lsoant igens of t he H-·2 System . J. lmm uno l. 96 :430 , 1966 . 
See a l so Ret. 26 . 
Ryder, R. J . 1'1. and Sc hwar·tz, R. S.: Immunos upp ress ion By Antibody: Loca l iza
tion of Site of Act ion. J. lmm uno l. 103 :970 , 1969 . 

b . Human Studies-Pass ive lnn uni zat ion: 

Ut i I iz i ng th e concep t that circul atin g an t i bod y co uld suppres s t he acti ve 
immu ne response to anti gen, Po l lock , Gorman and Freda t es t ed t hi s princi p le 
in Rh immu ni zat ion. In an extens ive and car eful ser i es of c lini ca l s tud ies 
th ey tested t he hypothes is t hat i n i i·i a I i rnm un i zat i on of Rh negat ive moi·hers 
coul d be preve nted by the pass ive adm ini s tra·J-i on of Rh antibody irnmedi at e ly 
il H er b irt-h. 

Th e ir stud ies r esu l ted in th e deve lopment of th e commerc ially avail abl e 
Rhogam . 

An exce l lent r ev iew of t hi s en·t ire sequence is : 

50. ) Po ll ack, VI., Gor·man, J . G. and Freda, V. J.: Preve nti on of Rh Hemo lyti c 
Di sease. Pr·ogr . In Hema·to logy 6 :1 2 1, 1969 . 

Pri mary mat erna l i mm un izat ion to t he Rh f actor can be prevented by t he 
' in t r amusc ul ar in jecti on of an ant i -Rh ser um conta ining imm un e g lobulin 

preparat ion wh e n adm i ni s t ered t o t he mot her wi th in 3 days of de li very of 
an Rh pos i t i ve baby. 

ErobJ§m.~ : I • ) Srna I I doses of anti body ma y y i e I d more e H i c i ent anti gen 
trappi ng and r es ult in imm uno log ic en ha nceme nt. 

2.) Fa il ures occ ur (app r oximat e l y a 1% fa ilu re rate ) with 
a nti -R h proph y lax is per haps due t o un recog ni zed tete -mat ern a l hemor-rh ages 
duri ng gestat ion (espec ia lly the firs t one ), enhanceme nt du e t o t he low 
concentrat ions of ant i ··Rh pr·esent in some meas I es ·· imm un e g I obu I in th at may 
have been admini stered or due to pos si bl y sens i t izati on fo ll owi ng abortion. 

3 . fu Cytotox ic Age nts: 

The initi a l r·ati ona le r e l at ed to the known cytot oxi c e ff- ec t of most of 
the anti -neop last ic agents upon t he lymphor eti cular system t he ee l lul ar 
bas i s for th e imm uno log ic r espo nse . The early obser vations o f immun e s up 
press ion by tota l body i r r ad iat ion were gi ven a prof ou nd impetus by t he 
exper imenta l obser vat ions of Schv~artz and Dames hek that 6-Mercaptopurin e 
co ul d obi i te r ate th e pr ima ry immun e r es ponse in r ab bits . 

51.) Sc hv:ar-1-z, R., St ack, J. and Dames hel< , VI . : Ef fec t of 6MP On Antibody Pro
duct ion. Proc . Soc. Expt l . Bi o i . an d Med, 99 :I G4, 1958 . 

52 .) Sc h1·1cir-tz, R. , Ei s ner, A. and Dameshek , VI. : Th o Eff ect of 6-·MP On Primar·y 
and Secondar y Immune Responses. J. Cl in. Invest . 30 :1 394 , 1959 . 
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In sp i te of the presumed initi a l s imp ! ist ic concept of lymphocyte 
ee l I destructi on as t he bas is for th e effect, most o f th e dat a supports 
the fact th at these agents act dur i ng the "induct ion " phase of t he immune 
r esponse , that is dur i ng that per iod of ant igen hand ! i ng up unt i I th e 
lymphocyte i s in formed (the afferent and ear l y centr a l phases ). 

53. ) Gab ri e lson, A. E. and Good, R. A.: Chemica l Suppression of Adaptive 
Immunity. Adv. In lmmuno l . 6:92, 1967, 

a, ) Dru gs : 
Al thOU 9h mttP \'laS t he or ig i na l prototyre, v i rtua lly a ll of the 

anti neop last ic agents have now been exp lor ed, at l eas t in par t : 

1.) 1\nt ipur i nes: 

- 6 Mercaptop urine : 2-2 .5 mGm/kg/d (0 ) 
- Azothi apr i ne (l mmuran) : th is is a heterocyc li c der ivat i ve 

of 6fv!P 1•1dh a s ubstituted i:.J idazo le that is capab le 
of i nhibit~ng purine biosynthesis and interfer ing with 
su lfh ydry l group. It i s about} as hematotox ic as 
SMP thus prov i ding a good th erapeutic r at io . 
2-4 mgm/kg/d (0 ) . 

2, ) Alkyl at in g Agents: 

3 .) 

4.) 

a l though v i rtua ll y a lI have been uti I i zed i·he most 
des ir ab le c li n ica l agents appear +0 be: 

-Cyc lophospham ide (Cytoxan ): 2 mgm1Kg /d 
- Ch lor·ambuci l (Loukeran): 2 rngm/d 

Fo li c Ac id Antagoni sts : 

- Methoi· rexate (actua ll y amethopter i n): 
0.3 mgrn/kg I , V . q I -·2X!I'Ik 

Sp ind le Tox ins: 

-Vinc r- is tine : 2 mgm/wk- I . V. 
M Ve l ban: 0 .1 0 mgm/kg/wk- 1 .V • . 

5, ) Inhibitors of Synthes is : 

- Actinomycin D (in h i bi ts DNA d i rec ted RNA syn thes is ): 
0 ,2 rngm/d X 4d 

-Cytos i ne Ar abi nos i de (i nh i bit s reduct i ve convers ion of 
ribot id e to deoxyr i bot ide ) : 2 mgm /k g : 

54.) Mitc he ll , M. S., \'/mJe, 1'-1. [, , DeCon'l'i, R. C. , Bert ino, J . R. a nd Ca labres i , 
P.: Imm unosuppress ive Ef fects of Cytos ine Arab inos i de and Methotrexate In 
Man. Ann. l rit. Mod , 70 : ~35, 1969 • 
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1.) It c l early a l -1-ers (obs·:·r·uci·s) ·1 11 :; pr im<-;r-y imn11 ;n o ,-esnonsco
i. e . th e produ:::i 10n of an ·i lbcxly in ros;1onse luanG\'! <: cri· i gcn . 

2.) I t \'t ill i n·i · c ,· h~re 1·ti"i"h dc: ;:; 1•el! :1ypc~· ser; s iTiv l ·ly.r eaci" I Q n:.; o f 
r ecent ( e . g. 2 l'lks) vi!r~agc, 

3.) In ·:·es ·r- s y s·~ems ·J·Jlc e f 1ecTs of SL!Ch ·111erapy car· ccc1J~ wi·t·!1in 
I -2 dCJys o f th ero;)y _, so -; he tiu:~ a· ! · ion of· ther~iJ~) 1/ GH.:rL no-i· be 
cri t i cal, 

4 , ) I n man , imMu nos u pp~ession pro l ongs tissue graf t surviva l and 
rej eci· ion occu r s after· ·!-he cessation of t he suppr·ess i on ; thu s , 
th er e i s no ev ide nee of .L.r~il_u_~Q__b_qmo.~:_r-aj.:t__toJ._§[_(Jncg. 

5.) Short courses o f therDpy fosp . wi th GMP ) do noi appear to 
affect .flstab.Lshed ant; body I evr~ 1 s. at I cas ·! as n1casuncd by 
oamma 0 1 obu I i P det enn i na·t· 1 ons. 

6. ) Estab li shed de l ayed hypersens it;vity appears ne>t io be af f ected 
by 6 ~:,p therapy , 

7 .) Thu s , 6 ~P, at least, does not ap pear to i nterfere wi th pr e
existing i mmune mechanisms at conventiona l doses . 

55.) Levin, H. H., Lan dy, Jvi, and f=rei, E. !II: Tho t:-ffoct of G-Mcr-captop urirw 
o n Immune Re spon se I n ma n. 1\!,E,J.I'"· 27i ; i6, 19G4. 

56 .) Santos, G. VJ.: lmmunosupp n:ssi ve Dr ugs. F(~d. F';-oc . 26:907, 1967. 

57.) Schvtadz, R. S.: Th erapeut ic Strategy I n C; i n icc:ll Immu nosuppression. 

58.) 

N. E.J . M. 280: .367 , !9 (;9 , 

Cyc l ophosphamide may have a se l ective ad vantage since i t has been 
demonstrated to s uppress an t ibody f o rma·ti o n ov en af 1er antibody has appear ed 
in th e serum . 

Stender, H. S . , Strauch, 
Ub er Di e Behin derung der 
N-host-Phos ph om ldes i er. 

D. an d Vlinter, H.: Ver·g l eichen dc Unter·s uch ungen 
Anl i k orp er iJ ildun g Durch Ronl0,G ns-l rahl e n un d Ein er 
Str-ohl entllcr·apie . 115 : 175 , 19G I . 

59. ) Santos , G. VI ., Ovmes, A. H . and Sensenbr· enncr, L. L. . : Etfcc l s o f Se l ect-ed 
Cy·i·otox i c Agent s On A.nt i body Produc i- i·on 1 n Maq , Ann . N . 'r' . Ac ad . Sc i • I 14 : 
t1.04: 1964. 

60,) Gordon , R .• 0., \'lade, 1'1. E. and !v1i-lchell, 1·~ . S .: Th e Produc l i o n of Tol er anc e 
to liuman Er y throcytes I n th e Rat Wi th Cytosine Arabinoside o r Cyc l op hospham i ci 
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a. Bone mar row toxici t y 
b . Hucou s rnc::rTlbranc -:-ox i c i ty 
c . Gas·tro i ntest i nal tract tox rc i ty 

6 1.) Fre i, E . \ 11 : Effec t of Cancer Cbecno·:·lwrarou·i rc .\gents on Norma l Ti ssues In 
Man. Fed . Proc . 26:9 18, 1967 . 

AJ..ls.yj_QJ:.ln o A o E) n t s : 
a. ) yen?_c_~j_E_fj ec;j_?_ : 

1.) Ce ll ular· Dysplas i a: (of bronc hi a l and in test ina l mucosa, 
uterine cervix and blad der . Cyto l og i ca l changes may appear 
"p re-cancerous ".) 

2.) Amenorrhea 
3.) Feta l Abnor-mal i t i es 
4 . ) Marrow Ap l as i a 
5.) Opport unisi· ic Infect i on lcytomega l i c inc lusion disease, 

pneumocystis carrei, et c. ) 

b.) DruQ....SJ?..ecJiJ.LfJ:.i.g£1? .. : 
Busuj_f.§.IJ_(fj_Y-.1.ili:..Sl.OJ .. : Hyperp i ~;menta·!· i on (Pseudo--Addi son ' s ) 

Pu l monary Fibros i s 
Cyc I OP11.9 .. 2.P.Jt9 .. m i .ciL(~.Y-..:L .. Q2S.9Dl.: Hernor r-h ag i c Cyst i tis 

A l opec i a 

6.n.:t..unet qJ?..QJ. i te~: 
a. ) GeJJ.erg-'-.U..f.e£.:[.5..: 

1.) Feta l abnorma li t i es 
2.) Marrow aplasia 
3. ) Opportun i st i c Infecti on 

b.) .Q.cu 9.....$..P.euf_Lc __ f.fi.\l.cts.: 

Liver dc:mage 
?Amy l oidos i s 

6-Mercaptopur ine - Chol es tatic Hepat i t i s (Azathi opr ine ) 
-Rena l t ubul ar ac i dcs i s 

Methotrexate -Liver damage with fibr os i s 
- Granulomat ous pulmo nary di sease 

.~12 i nd I .Q__IQ.~.J1S: 
Vincri stine - Neurotox i c ity 

Un add i-t-i on, in exper imental modc~ l sys·J·ems a ll of th e anti-neop l ast i c agents app ear· ·J·o have 
car· c i noge n i c poteni · i a I , ) 

62 .) l<a rnofsky, D. /~.: Lat e E tf ec ts of Immunos uppr-ess ive /\nt i canc er Drugs. 
Fed. Proc . 26:925, 1967 . 

~li i"h p r obab I y "!-he 1·1or· ! d' s mos t ex-tens ive experi ence , the I ate Dr . l<a rnofsk y 
he lped desc rib e and cata l og i"h c physiologica l e ff ects of l on g ter m us e o f the i mmuno
suppress i ve agents . 
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3 .) Pr o b I ems of I n f ed i on: 

Th ese oc c ur both ear l y and l ate : 

a. ) Th e ri sk of i n f ect i o n dur i nu i mmunosupp r essive ther apy i s d i f fere nt 
from and i ndc:pendcnt o f t hat due to ·1 he ~Jf·a"u I ocy ·i·open i a a I ono. 

b .) Our· i n9 therapy t her e i s an i ncr easc cl ,- i sk o f opporhm i s·:· i c i n fee t i on 
.wi t h T .B. and d3ep mycos i s. I f the in i t i a l exposure occurs dur i ng 
t he i ·he r apy pr·og r-am , sever e c l i n i ca l i l l ness i s I i ke l y and deve l ops 

in t he abs ence of app r opr i ate i ~~uno de fenses . 

63 . ) Rifk i nd , D., Ma r c hi or J , I . L.., \·:adde l l , 1.L R., Star-z, L E. : In fect i ous 
D i sease As soc i a·red \ l i 'i11 Homotr ansp l an t at i on • .!.A .M.A. 189 : 397 , 19G4. 

64 .) Hi ll , R. B. , Jr. , Dahrli ng, B. E . , Star z l, T . E . and Ri t k i nd , 0. : Deat h Afte r 
Transp I an t at i on: Ana I y s i s of S i x ·l·y Cases. Amer . J. IVI ed . 42:32 7 , I 9G7 . 

As not ed above t hese ag ents a l so ac t dur i ng t he Cent r a l Phase o f Immuno l og i c 
R3spons e : 

65 .) 1•1ill er, J . J. I l l and Co l e, L •. J. : Hes i stance of l.ong Li ved Lymphocytes an d 
P l asma Ce ll s I n Rat Lymph ~Jodos to Tr·ea·:·rnent \'-l i t h F'redn i so ne , Cyc l ophosp ha 
mi de , 6 Mer cap ·l·opur i ne and f\c t inomyc i n D. J .. Exp . Hed. 126: 109, 1967 . 

The I ong I i ved I ymp hoc y·i·es are a I so r e ! at i ve ! y r es i stant to r ad i at ion . 
66. ) Jam es, I<. \•/ . : Tumor· I rnm uno I ogy and Respoiise to Rad i ati on Th erapy . Rad i o I • 

C l in. N. A. 7 : 353 , 1969 . 

G7 .) Hersh, E. f,1. and Op pen he i m, J . J. : I nhibiti on o f J.r:L .YJ J.:ro Lymphocyi·e Tr-ans
format i on Our· ing Chemoth er apy In Han . CarY.: . Res . 2 7 :98 , 1957 . 

Th e true bas i s of act i on of · I •o adrena I cori'i ca I s i'er o ids no'i' k novm . 
Lymp hocyto l ys i s c er t a in l y LCc urs . 

GS. ) Fr enk e l , E. P . and \'loo cl, T. A .: The Re l at i onsh i p o f R ibo nuc l ease Comp l ex t o 
Stero i d I nduced Lympho l ys i s In Chr on i c Lymp hocy t i c Leuk emi a . C l i n . Res . 14: 
5.3 , 1966 . 

They a l so interf er e wi th ph agocytos i s: 
69 .) Ni co l , T . and f3 iliH·1y, D . L. J .: The Eff ec t of Var i ous St er o i ds On t h e Ph ago

cyt i c Ac t i v ii'y of Th e F~ et i cuI oe ndo i·lw I i a I Sys t em. 'n "Re t i c u I oo ndoth e I i a I 
S·l-ructur· e and Func l· i on " . (Ed i i'. J . H. He ll er ). Rona l d Press , N.Y . p . 30 1, 
1958 . 

I n add i ti on (Re f. 53 ) sugges t s t ero i ds i nter f er e wi t h t he ac t i on o f c om
p l emen-t an d ·/h e r e l ease o f l y sosoma l enz ym es fr-orn ce ll u l ar organe ll es . 
F ina ll y , s t er o i ds may mod i fy t he sy st emi c r esponse . 
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1 ... 

Ribonucl ease c c-:,·.p i Bxed with pro-rc, in i s i mmu!los uppressive . Th i s ap pears 
to Le non-en zymat i c but does interf er e ~ i th lynphocy te stimu l at i on . 

70.) Ja r:kovic, 8. D. and Dvc ;-ak, 11. F.: Enzymat i c I nact ivat i on of l rnmuno l o ~] i cal l y 
Competent Lymph ~lode Ce I I s In the "Tran s f er React i ons" . J . I mmuno I . 89 : 57, 
1962. 

71.) ~·1obray, J. F . ar1d Scho l and, J . : l nhibd i on of Ant i body Pr od uc tion By R i bo 
nucl ease. Immune!. I i :421, 1966 . 

72.) Davi s, R . C., Coopcrbond, S. 1~. and t-,lannick, LA.: Evaluati on o f th e Immuno
suppressive Prop er ti es of Rib onuc l ease Comp l exes . J . o f fmrnuno l . 103: 1029 , 
1909. 

4. ) Bv Ott_1 er _J;_c;;fC!..nJI''-'"- j_l'.!::.. .~.Q9J1t~: 
73 .) Ze !ezn i ck, l. . D . , Cr- i m, J. A. and Gray, G. D. : Immunos uppress i on By Compounds 

~hich Comp l ex Wi th Deoxy r i bonuc l e i c ·Ac i d. Biochem. Ph armaca l . 18: 1823 , 1969. 

a. ) Th e proposed mechan i srr:s of action for f\LG a;-e: 

a . Cytotoxic theory: It app ears to esp cc i a I I y des i-roy 
long -! i ved l ymphocytes. 

b. 8 1 i ndfo ! ding effect: Coating of an ti gen receptor- s i tes. 

c. Competi·i· iv l~ ;m·1·i 9en theory : Si nce i t i s a g l obu li n - i . e. a 
poi· ent i a I a ;··:· i sen - i t r;1ay compe·J·e w i ·ih t he primary an·l· i gen. 

d . Sterile 2ct i vation: cau s ing funct i on l ess l ympho i d hyp er p l as i a. 

e . Anta~on i zes l ymp h node permeab i I i ty f actor. 

However the ev i dence of sign ificant l ymp hocy t o l ys i s i s i ncontroversia l. 

74.) Denman, A.M., and Frenk e l , E. P.: Studi es of t he effect of induced i mmune 
lymphopenia. I . Enhanced effec ts of rabbit anti-rat lymphocyte g l obu lin in 
rats to l erant to r abb it immunog l obulin G. J. lrnmun . 99 : 498-507, 19G7 . 

75 . ) Denman, A. t-1., and Fr·en k e l, E. P.: Mod e of ac-:-ion ::J f an t-i - l ymphocyte g l obu lin. 
I. Th e d i stribution of rabbit ant i-- l ymphocyte s l obu lin in .i ec ted i nto rats 
and mice . Immuno l ogy l tl.: 10"7- 11 3, 1968 . 

Th e tact th a·J· pers i stent c ircu l atin~J lymphocy top enia does not generally 
r esult ca n be exp lained by a shift in th e lymp hocy·J·e popula·rion : 

76. ) Denman, A.M., and Frenk e l, E. P .: Mode of act i on of ant i - l ymp hoc yte 
g l obu li n . II . Changes in th e lymp ho id ce ll popu l at i on in r at s treated vlith 
anti-lymphocyte globulin . I mmu no l ogy 14: 11 5- 126, 196[) (J an.) • 

' . 
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An d, t hi s has been furth er doc lli1ented by ·lho demonstrati on th Dt th e 
destruc ti on i s ~ ha · l · o f t he l ong- li ved, r o -c ircu l <:rl · in ~· l ymr l1 ocy·h~. 

77.) Denman , A .M ., Denman, E . J. and Emb ling, P. H.: Changes I n th e Li fe Sran 
of C i rcu la"l-in 9 Smal l l.ymrhoc ytes In Mice Af -t·er Tr- eatment \•lith An ti- l ymphocyte 
Gl obu li n. La nce·~ I : 32 !, 1968 . 

!n addit i on , it do ~ arpoar to induce RE B l ockade: 
78 . ) Sl:eas r-en, J. l'l,, Oar ·; ;,, I\, F. , Ede l in , J. B . a ncll·-1alr~sren , R. /J....: Reticu l o 

endothe I i a I 6 1 oc l«1rl .1 r'roduced By Ant i I ymphocy t e Serum. Lancet I :297, I 9G9. 

79.) 

-and i t r esuhs i n b l ock i ng the primary sens iti zation t o t he inducin g 
ant i gen. 

b.) I.tt ect~ : 

I . ) Suppresses gra·ft r e jecti on 
2. ) Affects primary immu ne re spo nse 
3 .) Aff ec t s delayed hypersensitiv i ty. 

1'1onaco, A . P., \•lood, ~1. L . and Russe ll, A . S.: 
Hetero l ogous Antihuman Lymphocyte Serum In Man. 

Some Effects of Puri fi ed 
Trnnsp! ant. 5: I I OG , 1967. 

80 .) Starz l , T. E · Hetero l ogous Ant i l ymrhocyte Gl o bu l in. NEJM 279:700, 1968 . 

8 1.) Si·arz l , T . E. and Por- t er, 1<. A .: Anti l ymphoc yt e Gl obu li n-D ii n i ca l Use, In 
"Human Transp l an t a-!"i on" (Edit. F. T. Rapopor- t & J. Dousset . ) Grune & 
Stratton, N. Y. , p . 489 , !9GB . 

I , ) Anap hy l act ic r eac t ions and serum s i c kness. 
2. ) Orpor t un i st i c infec tion 
3 .) Immunolog i c En hancement 
4.) Ma l i gnant Neop l asffis 
5. ) Wast i ng Di sease 
6. ) Potenti a l Anemia & Thrombocytopen i a 

from cross react i on du e to incomr l ete remova l o f 
anti -e r-y"i"hr·oc yle and p I a·l·e I et antibod i es in i ncomp I ete I y 
"purif-i ed " ALG preparati ons . 

82.) James , K. : Anti - Lymphocyte An·l· i body - A l<e vim·f, C l in. Exp. l mrn uno l, 2 : 
6 15' 1967. 

83. ) Ba iner , H., Dersjant, H. and vanBek kurn, D. \'1.: Tr anspl anL 8:28 1, 1969. 
- demonstr-ates pr ob I ems o f "assay i n ~J f or- potency " as we I I as the var i at i on 

in different ALG pr eparat i on s . 

84.) Denmon,/\, til . : An"!" i -l.ymphocyl"e Antibody and Auto Immune Di sease : A r ov i el•/, 
C lin . Exp. lmmuno l . 5 :2 17, 1969 . 

6 .) By Lymphoc.yt8J2gf2 I ei"i on_ : 
- i"horac i c duct dr-a i nage . 
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85. ) Go1·1ans, J. L. and f·.';cGrorJor, D . D . : The !r.1muno l og i c /\cl i v i'li es of Lymphocy·l·es . 
Progr. in /\ll er g . 9: I, 190 5 . 

86 .) Ir vin, G. L, and Carbone , r.: . P.: l lnmunosupp··;Jss i OII \•li'l' lt Lyrnrh Dep l et i on I n 
1·1a n . S.G.& 0 , 12",: 12;-n , 19G 7. 

87.) Dumont, A . E. : Tho 1·ac i c Duci· Cannul oi' i on . I n ' 'llt !r.w n Tr anspl arl'l i:Yi · ion" ' Ed i t . 
F. T. Rapapor t & J . Dot;s ,;e-:-l Grune & S'lrat 'i'cn , 1-l.Y., p .4G2 , i SG:-:; , 

Thi s ropresoni·s ill ·:·er h: :· onc o I'IITII ti10 humera l or cellular r esponse of ·i·he 
immunological respon se u·i i· hc I Gve l of ihe ,-esp ondi ng tis sue . 

-Here ·i tw rati on·!· i s i c·.r,lUnizocJ 1·1i·!·h a k1to1':n a l l oru ·nic r:wt c ,· i cll ·!hat r esults 
in an l gG antibody ·;·hc.r l i s en·i·itiecl '' ul ocking" bqc mrsc these an t ibodies 
prefer·en'l'i ul l y bi nd !2·;jl£C. <Jniigens and prevent t lwir i n·i·eract i on 1·1i'l-ll c e ll 
f i xed JgE. Th is is ·lh e c l ass ic gaml) i ·l of t he "al l c r~] ist". 

-Tumors tran sp l anted i n·:o hosts gerw tica li y d iHer·ent f'rom ·lh e an i mals i n 
\'lh i c h '!'h e tumor ar ose, ·j·he 'l'urnor 1'1 i I I gr ov1 fer s ever· a I clays and the n be 
des·t r oyecl by a typ ical homogra ft rej ection mechanism. 

- .Lf., prior· t o ·/'f·ansp! an'l-o'l' i on of th e tumor·, ·:·he r ec i p i ent is ~J i ve n an 
i njec-t- i on of sma ll arnoun ·J·:-. of ant i --·J·urncw a1rl'i seru m, '!'h en tho tumOI- vii II 
gro1·1 r·apidl y and /;i ll 'l'i10 lros·i· . Th u::; an · J · i !~ ocly "cou-1-inn " of ;·he tr:rnor can 
pro·i·eci' i ·j· fror.1 r e j ec-! i on even in t ho p r esc nee o f a11 acti vo i r:lfi\ u ne r esponse. 

I • ) Tran sp I an-fa·!- i o n 

2. ) "Autoimmune " Disease 

? - if es 'l'abl i shed immu no l og ic mechanisms ar·e noi' gene r· a lly affrK"I'ed by mosi' 
current i mmunos uppress i ve meas ur es , how can an affect be ochi eved by i mmunosuppress ive 
th er apy i n " auto immun e d i seas es " . 

a. Th ey may obtund i ·hu repealed r e- immuni zai'i on by b l ock ing afferent I irnb. 
b. Th ey rnay red uce Hte net number of pro--comm i tted ce ll s for r es ponse. 
c . S i nee -!-li e occun·onc e oi· ·1· issue dunwge by ~- h e i mmuno I og i c ass au I 'I' i s in 

l arge part mecl i a'l' ocl by a rnononucl nar· cell r esponse , they rnay be an'l'i
i nf I amma·l o r· y i n i ·he sen se of r·ed uced or· i nh i b i t e e! monon uc I oar ce I I 
r osron so ·l·o '!'he f i na I p r- oduc ~ · . 
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B. A Ra-1- i o QQ.\e of llaz_g_c_Q.: 

Sinc e th e i mmuno log ic responr,,; i s , lne of defense <J considerat i on ot potenti a l 
haza1- d ex i si-s 1·1hen one a I i-er s it. ! n add i 1 ion ·i o l" lw ''tox ic" po ·J· cn t i a I doc wnented 
ear I i er, so1ne other exump I os ar e: 

I , ) Potent i a! for "i"cf.lor enhanc ement : 

88. ) So li , S . : An ti ! ymphccyte An t i body: Effec:s 111 Experi mental Animals and 
Pr obI ems in Human Use, A.nn • In t . Mod . 7 1 : I n, I 9G9. 

89, ) 1,'/ il son , f~. E., Hager, E. . B. , Hampers , 0. !.., Col-son , J. I·L, 1 -k~ rri ll , J.P. 
and Murray, J. E.: immunol og i c Re j ect i on of Human Cancer Tr ansp l ant With 
A Renal AI lograft. NEJM 278:4 79 , 19GB. 

2 . ) Jn·rerference \'!ii-h Pr o·r ec•· ive /\n"!"ibody As In Al l c r ~J i C E:lC CfJhalwtye l ii- i s: 

- here th e i ni- ens i "i-y oi· d i sease corr·e I a "l-os 1•1 i t h Hw des1r· eo o f de I ay od 
hyp er sens i -J- i v i ·!·y, Colnp i ernen t -f i x in s:; antibra .in antibod i es are f ound , but 
these ant ibod ies actua I i y havr" a .us~.t~-.:t.L'LQ...S!.it.Q£:t . 

3 . ) Alteration of Ccm~!ex ~ormat i o n : 
90,) Ashe, VL 1<. and t·Jo-i· ki ns , fl. B . : Nautr· al i zation o f An lnt ec-t-i ou~; Herpes 

Simpl ex-Ant i bo dy Co~p i ex By An~i - y-G!ob u i ill. Proc . Nat . Ac ad. Sc i . 56 :447, 
1966 . 

9 1,) No-J-kins, A. L . , !··.·lahar , 5. , Scheele , C. ancl Go ffr:wn , L : In f ec ti ous Virus
Antibody Cor.1p 1ex In tho Biood of Chron ical ly I nfected Hi ce . J. Exp. !.J ed . 
124: 8 1' 1961; , 

Hard data are v i r t ua l i y uno l;lai nabl e because: 

a . ) Cas es are in srna I I scr i GS o r rnc r e COIN~o n! y s i ng l e case r eports . 
b.) Bases of th erapy anti criter i a o f selec tion and r esponse rarely cr i sply de fi ned. 
c, ) Protoco l of dru gs us ed us we ll as assoc i ated use or convent iona l H wrapy poor l y 

documented. 
rl.) Virtua ll y no "contro l s " . 
e .) No l ong t erm f ol l ow-up. 
f.) Fai l ures are not c ommon ly r eported. 

92, ) Damo shek, W. an d Schwartz, R.: Treatmen t o f 
\'lith Antime·l abo l d es: A Pre ! i rn i na ry Report. 
I 13, 1960, 

Certa in "Auto i mmun e " Di seases 
Trans. Ass . ArrGr. J=>hys. 73: 

93. ) Schl'mri"z, R . and Damoshek, \L : The Trea tment of Au to immun e Homo lyti c An emi a 
\•/ i·i·h 0 -Morcap-t-op urine and Thi og uani ne . l3 1ood 19 :483 , 1962. 



> I 

- 17 -

94 .) Hitz i g , \'1 . H. an d 1-la ss i mo , L. : Tr oa·:·mc n'l- o f· Au ~·o in1mune Har1o l yt i c Anem i a 
\~i'l-h Azath i op r i ne (l rnu ran) , Fl l ood 23 :1HO , 19 GO. 

95. ) Duc i e, J . V. and ':!ori l ed~o , S. ~·1.: Aui o - 1 •. ~r.111 nc: JL.r.lo l y·J-i c f\n :omias. Pr-ogr . 
In Hemato logy 6:32, 19C9 . 
- Dac i e ' s exper i ence i s ·: hut i n 3 of G ra·;· i c r:ts v1 i ·ih v:ar m i , l l!i\ ·J h c r · ·~ 1'/ iJS 

" judged to be honcti·:· I'Ji ·j· IJ l r:lU rar r therapy (i :J0 - ~~(10 :agr.;/d), Di·rl1ou~; h ·; here 
\'IUS no chan ge in -J-ho s'iT on~:ri · h " o t th e; ani'il>ocly pr ociuc tion. I n Co ld An t i body 
D i seas e ( treated \·Ji t h c h l orambuci I o r- cyc l op hosphamide ) 3 o f- 9 r es ponded 
we ll ; 3 had ·iTans i en-r or par;· i a l r esp onses and 3 fail ed even after- t~,- 1 4 

month s of th er ap y . 

96 .) Ol esen, H.: Ch l o rarnb uc i I Treatment I n Co l d Agg l u·tini n Syndrome. Scand. J . 
Haemat. I : I 16 , 19C4 . 

97. ) Bour onc l e , 8. A. and Doan, C . A.: Re f raclo r-.. I d i opathic Thr-omboc ytopen i c 
Purpura Treat ed With Azai·hi oprine ( l muran ). NEJM 275:630, 1 9 C~ . 

98 .) Cor l ey, C. ·c. , Less ner, H. E. an d Larsen, W. E · Azath iopr ine Th erapy of 
''Ar· to i mmune " Diseases. /\mer . J . Mod. 4 1 :404 , I 9Gfi . 

- a c o::-- jJ c r-a t i 'J G study o f the Southeast Cance r Chemotherapy Gr·oup. 
l muran at 2 mglil /k g/c; , "I mprovement " i n 4 o f 7 chroni c I.T .P. pati en ts . 

99. ) l. ar-os, R. K. ancl Penner-, J . A .: "Retrac 'l'ory" Th r ombocytop en i c Pur-rur-a 
Tr ea t ed Succosstully ~ith Cycl ophosp hami de . Proc. X I I Ann. Soc. Heme . 12 : 
59 ' 1969. 

- perhaps bes t study to date. 9 pat i ents, a lI prev i ous stero i d f a i l ures : 
6/ 9 exce l lent r es ul ts in 2 -! 0 weeks and have r ema in ed i n r em i ss i on 5-30 months 
aH er s topp i ng ·i he cyclophospham ide . 

100. ) \•Ie iss, H. J . , Dern i s, D. J., El gar-t- , M. L . , Elr-ol'm, C. S. and Cr·osby , \-'/.H.: 
Tr·eatment ot Tl'to Cases of Hyp er-g l obul inemic Purpura \'lith Th ioguan i ne . 
NEJ M 268 :7 53, 1963. 

-signi-fi cant improvement i n ar thralg i as , p urpura and edema, but \•t i'l'h 
r eturn of symptoms \·then l'h c r-opy I'JaS c1 i scent i nu od . 

I. ~.L,£. 
-Re f. 98 - 6 of I I SLE i mproved ; however, only 3 had ob j ec ti ve improvement. 

10 1. ) Szte jnbok , M., Chose, P . H. ancJI<ap l an, D. A.: I mm unos uppress i ve Th erapy 
i n Sl. E. Bull . Rh eu . Di s. 20 :~178 (Abs'/'. ) 1 19G9. 
- 19 pai· i en-I- s 1·1 i 'l'h SLE 1'/Brc tn~a'/ed l'ti ih azathi op rin e (2 . 5 m ~]rn/k g / d) a nd I B 
comparab l e con tro ls . All 31 had s·i·oroicl s " as r-equir-ed". Azathi opr- ine 

appear ed -~o l essen ·i·he i nc i denc e of death due 1-o nephri t i s and i ntuc ti on and 
I 0\~e r o cl t ho pr- ecl n i sono r oqu i r amen"/' fr om ern aver-age da i I y dose of I 5 to 5 
mg. 
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102. ) Maher, J. F. and Schre iner, G. E.: Treatment of Lu pus Nephri t i s Wi t h 
Azath iopr ine. Ar-ch. Int. Med. 125 :293 , 1970 . 

-A zut hiopr ine ( 1. 7-4 .3 mgm /k g) g iven t o II pa·l· ient s v1iih l upus nephrit i s 
r es is t ant to or symptomat ic wi th stero id t herapy . Sus tained imp roveme nt i n 
3, t r ans i ent in 2, immuno log ic imp rovemen t i n I a nd no c hange in 5 . Th er a
peuti c fa ilu res occ ur red in a lI o f th e pr ev ious ly proposed c rite r ia o f 
"goo d cand idates " tor s uc h t herapy- i . e .: 1.) Presenc e o f an inf lammat ory 
or nec roti c g lomerul ar les ion; 2. ) norma l ren a l fu nct ion; and _ 3. ) low serum 
cornp I ement . 

2 . Rh eumato i d Arthrit i s : 

I 03. ) Lorenzen, I • and Vi deback, A.: Tr eatme nt of Co I I age n Diseases i·J i th Cyi·o
stat ics . La ncet 2:558, 1965. 

-8/ I I "imp roved " on 6HP (50- 150 rngm/d). 

104. ) Fos d ick, vi. tvl . , Pa r sons, J . L. and Hill, D. F.: Long-Term Cyc lophos pham i de 
Th erapy Jn Rhe umatoid Arthr iti s. Adh . & Rheumat. I I: 151, 1968 . 

- 54 pa·r i ents trea·l·od, non-cent ro I I ed wi th dosage "ta i I or·ed " t o pat i ent . 
Of 38, Rx for 6 month s and eva lu at i-on 10 had com.p lete r emi ss ion and 19 
pari· i a l r em i ss ions (75% ). (fee ls ma l i gnani· Rh. Ar-J-h . i s th e only d8fin ite 
i ndicat ion for such therap y.) 

105. ) Dodson , \•1. H. and Bennet·!·, J. C. : Pos s i b le Usefu lness of Azat hio;ll· i ne 
(l rnuran) In Se ven Rh eL.: rnato id 1\dhr it is . J, Cl in . Ph an n. 9: 25 1, 1969 . 

- 15 of 23 (65% ) exp er ie nced ''greater than 50% r educt ion in number of 
t ender and swo ll en jo i nt s ". Bui· 5 deve loped sever e s id e eff ects - i. e. 
hepat itis, thrombocytopen ia a nd seve r e nausea an d vom i t ing. 

lOG. ) t•1ason, M., Curr ey, H, L. F., Ba rrlGs , C. G. , Dunn, J . F. , Hazo lmon, B. L. 
and Str ickl a nd, J , D.: Azathi opr in e In Rheumatoid Arthrit is . Br i t . Med. 
J. 1: 420, 1969 . 

-only double bli nd stud y . 25 t r eat ed with azat iopr ine a nd 24 with 
p lacebo. The pr imury r es uJ ·j- was th e ab i I ity to r educe i·he predn iso lone 
dosage by a mean of 36% a ft er on e year of th erapy. (0 ,7 5 mgm mean dec r ease 
in contro ls an d 4.3 mgm /d in the treated group!! ) 

I 07.) Baum, J . and Vaughan, J.: J mmunos up press i ve Dru gs J n Rheumato i d Ari·hr i -J· i s. 
Ann. Int. Med. 7 1 :202, 1969 . 

-our very own John s uggests a ca lm eva luat ion o f such da t a . 

3. Der·mq_:f.:.9Jnyos it i s 

!08. ) Malav iya , A. N. , Ma ny, A. and Sc hwar t z, R. S .: Treatment of De rma lomyos i t i s 
With Methotrexate . Lancet I :485 , 1968 . 

-adm itting that no dec is ive ev i de nce exists that thi s i s a n immuno log ic 
d isease , 4 pati ents were treated with I.V. methotr exate . Remiss ions occ urr ed 
a t a mean of 9 days! Of in t er est (see a lso #38 ) wher e immune responses wer e 
meas ured th ey were paradox ica ll y a ugmented. 
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109 ). Kap l an, S. R., Haysl ett, J.P. and Calabresi, P.: Tr eatmen·t o f Advanced 
1'/egener 1 s Granu I oma t os i s \"/i ·i·h flzath i opr i ne and Duazomyc in A. NEJM 278: 
239, 1968. 

-two pa·tients wi th good respon se. 

I.) Rena l -Nephrotic Syndr ome 
Complex Disease 
Gl omeru l onephritis 

2. ) Liver- " P I asma Ce I I Hcpa "l" i 1· i s 11 

Chron i c Active Iiepa·!· i t i s 
3. ) Sk in -Psor i as i s 

Pap i I I omatos is 
Pemphigus Vulgaris 

4.) G.l. -Chronic Ulcerative Co li t i s 
5. ) E\1e - Uve itis 

Sympathetic Ophthalmop l eg i a 

-generally poor l y contro ll ed studi es with var i ab l e drug dos age but 
describing "r espons es 11

• 


