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Introduction

BYRON H. WAKSMAN

The overwhelming preoccupation of the immunological community with
lymphocytes, their markers, their structural and biochemical characteristics,
and their functional attributes is reflected in this volume of Progress in
Allergy. Of the four reviews, three deal explicitly with lymphocytes. Drs.
CanTOR and WEISSMAN consider the now very strong evidence for extensive
heterogeneity of these cells, even within such narrower categories as T and B.

OpPENHEIM and ROSENSTREICH attempt to reduce to some sort of order the
mountain of recent information on lymphocyte stimulation and the factors
which affect triggering. WEDNER and PARKER consider the conflicting evidence
that cyclic nucleotides may play a key role in lymphocyte triggering. Even
the review of GOLDSTEIN deals with a closely related toplc, the lysosomal
activities of macrophages. :

These reviews are written against a background of increasing crisis in

- communication within the field of Immunology. The mass of current research
in the various specialties of the field is simply staggering [1]. The number of
new specialties with their own journals continues to increase — witness
Immunogenetics and Journal of Immunogenetics, appearing since T last intro-
duced a volume of Progress in Allergy in 1973. A similar increase continues in
general journals and review volumes — Annales d’Immunologie (part of
Annales de Ulnstitut Pasteur), Contemporary Topics in Molecular ‘Immu-
nology, Clinical Immunobiology, Research in Immunochemistry and Immuno-
biology. There is a suggestion that at least this curve is levelling off, since
new journals have appeared at a slower rate in the last 2=3 years than
previously. & ! i

The increase in review volumes is itself a proof of the felt need for
better communication. In fact a rapidly increasing part of such communica-
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tion takes place at specialized and often rather’small meetings, symposia,
and workshops, both international and national. In addition we are wit-
nessing a rapid proliferation of annual courses offered by national societies
such as the American Association of Immunologists and the British Society
of Immunology, by individual university groups such as that at SUNY,
Buffalo, by the International Union of Immunological Societies (in con-
junction with WHO), and by other umbrella organizations, e.g. WHO/
UNESCO/ICRO. One may count in 1975 at least seven of these, which of
course take place all over the world. Training in Immunology has been
formalized by the creation of graduate programs devoted to this discipline.
The Doctorate Records file of the NRC Commission on Human Resources
(United States) first recognized Immunology as a separate Ph.D. field in
1972. In that year there were 18 such degrees granted. In 1973 there were
49 and in 1974, 71 [2].

. The growth of Immunology is taking place not only at a basic but also
at an applied level. It was possible, a decade ago, to foresee the gradual sub-
stitution.of clinical immunologists, concerned with a wide range of problems
in infectious disease, allergy, rheumatology, and hematology, for the more
classical allergists, whose interest and competence were limited to atopic
disease. This change is now in full swing, and the level of the new activity
may be judged by the many books which have appeared devoted entirely to
clinical immunology (I will not attempt to list these here), as well as the
review series mentioned above.

The flow of technical and conceptual breakthroughs in fundamental
Immunology has not diminished. In a previous introduction (1971) T listed
identification of lymphocyte subpopulations, topographic and genetic
mapping of: lymphocytes, the nature of immunocompetence, the mecha- -
nisms -of- thymus differentiation and of transformation and triggering of
immunocompetéent lymphocytes as major new areas of research. In 1973,

" the list included helper and suppressor effects of lymphocytes, the character- -
ization of diffusible ‘lymphokines’ and their role in these effects, the study
of pharmacologic receptors  (cholinergic, -a- and ' f-adrenergic, etc.) on
lymphocytes and their relation to triggering and to the function of micro-
tubules, microfilaments, and the cyclic nucleotides as second messengers, and
the use:of continuous lymphocytic cell lines and hybridization techniques
to-study the genetic control of differentiated lymphocytic functions.

Perhaps the most exciting of recent developments has been the change
in our understanding of the major histocompatibility complex, originally
thought to be simply ‘a genetic locus ‘governing cell surface structures
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(histocompatibility antigen, thymocyte-specific antigen, MLC antigen, etc.)
[3]. This chromosomal region, with space for as many as 1,000 genetic loci,
has been shown to include genes governing immune responsiveness to a
variety of antigens (perhaps by governing a surface receptor molecule on
T-lymphocytes), cell interactions (both lymphocyte-lymphocyte and macro-
phage-lymphocyte), a variety of diffusible regulatory mediators (for both co-
operation and suppression), and several complement components, and it is
becoming clear that the entire region must be derived from a cluster of
genes governing an ancestral recognition system. While the MHC is on a
different chromosome from the structural genes governing antibody forma-
tion, fz-microglobulin, an integral component of several of the MHC
products, shows peptide sequence homologies with y-chain domains, and it
seems that immunoglobulins also must be derived from such an ancestral
system. b ‘

MHC products are present on many types of cells (or free in the
circulation or released from activated cells) and the system obviously con-
cerns a general cellular property. It is no accident that recognition phenomena
resembling graft rejection are recognizable in lower forms such as echino-
derms and tunicates [4]. One may speculate that similar but perhaps more
primitive recognition phenomena, in earlier phylogenetic forms [5], will soon
be identified as being determined by the ancestral MHC.

Several other new areas of rapid advance could be cited, among them
the three-dimensional analysis of the antibody combining site, identification
of a new group of reactions involving humoral antibody and blood cells
acting on metazoan parasites, the functions of thymus hormone. However,
enough has been said to show that Immunology is alive and well and moving
rapidly forward.
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1 BRENT, L., and HoLBOROW, J., (ed.): Progress in immunclogy II, vol. 1-5 (immuno-
chemical aspects, biological aspects I and II, clinical aspects I and II) (1974).

2 National Research Council Summary Reports: Doctorate recipients from United
States universities (1972, 1973, and 1974).

3 SHREFFLER, D. C. and DAviD, C. S.: The H-2 major histocompatibility complex and
the I immune response region: genetic variation, function and organization. Adv.
Immunol. 20: 125-195 (1975). ¢



WAKSMAN XII

4  REDDY, A. L.; BrRYAN, B., and HiLDEMANN,; W. H.: Integumentary allograft versus
autograft reactions in Ciona intestinalis: a protochordate species of solitary tunicate.
Immunogenetics 7 584—-590 (1975).

5  Loes, L.: The biological basis of individuality (Thomas, Springfield 1945).

Correspondence to: Dr. BvRoN H. WaksMAN, Department of Microbiology,
Yale University School of Medicine, 310 Cedar Street, New Haven, CT 06510 (USA)



Contents

Introduction : ;
B. H. WaksMAN, New Haven, Conn. ............ssmopsabls yibobde g e Vo IE

Development and Function of Subpopulations of Thymocytes and

T Lymphocytes - :
H. CANTOR, Boston, Mass., and 1. WEISSMAN Stanford Calif, Tt S

54

L Introducton. . .. .20 o U8 o brts ot pidhiins v S SR e . R

11. Identification and Charactenzatlon of Thymic Precursors ..« ............ Sk

- A. Bone Marrow Origin of Thymic Precursor Cells ... ........ A e SHH G

1. Rate of Entry of Precursor Cells into the Thymus .. ... . ARV KN
2. Differentiation of Thymic Precursors in Allogeneic Hosts . ............
B. Evidence from Thymic Precursor Aciivity outside Bone Marrow . ........
1. Precursor Activity in Peripheral TiSSUeS ... ..coovsccevcosccocosconss

2. Does a Portior: of Thymic Precursor Cell Actmty Develop in the Thymus
InSitu? ooy oo ROV ESR TR QM RUATAI TS MR
C. Identification and Separatlon of Thymlc Precursors from Mu.ltlpowntlal

- Stem Cells in Marrow .. . .ovvcvvevvvivinnes e i s ey ¥ ity Ty
Di Yiete Doos InaAUCHOD OOBULY. o« « « ¢ sla fuisss o380 sion vmsanas vy wsnsn GPHE
111 CellularProlifemionundMatuuﬂonwlthinthc‘rhym.......'...........
A. Anatomy of the Thymus
B. Evidence for Alternative Maturation Pathways within the Thymus ...." ..

1. Cellular Proliferation in the ThymMus v o .uvvviiuiiiin e iiandniii

2. Cell Migration within the Thymus .. ... 0o i i i i,
C. Properties of Thymus Subpopulations at Different Stages of Intrathymic
Maturation ....... B S s e i ed b LGS IR V3 A VR A ORI A
1. Long-Lived, Nondividing Thymocyte Subpopulations ST, 3K Zhy
2.7Cell SurfacecAntigens i [0, R4 3HOREF IREFHSAN L PR IGETBEYA
3. Cell Size and Surface Antigenicity . ....... ... IR (R0,
4, Cell Density and Surface Antigenicity ... ....covvivviiiiiiririiaes

IX



Iv.
. Thymocyte Maturation and Generation of Diversity ......................

VIIL.

IX.

Contents

SNt M arkerss .. 1oL T ok s TR EEL S A R L R iR
D. Regulation of Intrathymic Maturation ........................ e R :
Thymus Cell Migration to the Peripheral Tissues ...................c..uuu.

A. Acquisition of Antigen Receptors.................ooov. STASS AR
B. Maintenance in Periphery ......... CORKE and BAYF197 24 08%0%%

, Identification of Peripheral T CellS ... ... ..euieieunnaunosinnessineenn.is
VIL.

Subpepulations Of: T INIBROCYLES , . o6\ o aboe il sisiats e lpssiein dhe siloorent.sad bot iy

-A. Are there Peripheral T Cells at Different Stages of Post—Thymnc Maturation?

1. The Effects of Adult Thymectomy on Peripheral T Cells..............
2. The Effects of Thymic Products on Peripheral TCells................
3. TheiOntogenyiof Peripheral TrCells siivity. dlasom oadl abova nnaby
B. Life Span and Homing Propertiesof T Cells .............cooivivniiin.
C. Mitogens as ProbesTor Ty Cell SUDSEES s «ian o 1 : seimmisis s w8 surosemsiose sst:o 4%
Evidence for Interactions between Subpopulations of T Cells Mediating
G v el by 10ty o LG o0 i it e el s s I R S Ao el
A. Transplantation Immunity — Experimental Models ....... 2L, SHQREL ML
1isMixed (Bymphocyte Responsetgi. (O g0 har Clear. STRIN.ang, BT
2 Graficyersus-TIOSERESPONSS, il i Hisvidns b i e s P e £ e s et o
2 CYtOtOXICA RERDOREEY §37 (ace tit s o o ool b Bl i L gt g i L
B, Evidence for T-1 INEEIAGHOR. . . cairvdriitindiid Ay seaidomit s\ ies Apeer
1. In the Mixed Lymphocyte ReSPONSe ... .......ouourereneaneneenenss
2.In the Graft-versuS-HOoSt RESPONSE . .. tle's o o sivs basiosnoiosiimegesmosas
3. In the Production of CytotoXic Responses ...............oouvvuvnunns
Regulation of the Immune Response by Subclasses of T Cells ..............
A. Regulatory Interactions between Spleen and Lymph Node-Seekmg T Cells
B. Regulatory Effects of Mltogen-Actlvated B N o o e . e brsi i Rie
C. Identification of Precursors of Cytotoxic Cells and Helper Cells Distin-

guished by Different Ly Antxgens kelp i el ot tdeat daiiian s Yy B

References ...........0. ... A1 A e aal PO ERAD £ R RPN AR DS

Signals Regulating in vitro Activation of Lymphocytes

J. J. OrpENHEIM and D. L. ROSENSTREICH, Bethesda, Md. ... .o 0000 4

3 T e o o L A T e L L 2 1A 7
II. Methods of Detecting Lymphoeyte Activation in vitro .. ... o..ovuiiviiiin
III. Primary Activating Signals: Mxtogens, Antigens and Allogeneic Cells .......
1, Mitogens. .. . ostereesids o8} & Hibsw wbvin i ST nnisii sl oV ilanisiLA Jal.etn

A. T Cell Mitogens.......... o S o bt T Bl i do st 3% sl

1. Phytohemagglutinin and Concanavalin A .............. rioldunitA l

a) Binding of mitogens to the cell surface and its refationship to

BCLIVALION ST o s s e R i LV v, oo o e (R

b) Size of lymphocyte populations reactive to PHA and Con A .....
¢) Evidence for the T lymphocyte specificity of PHA and Con A .. ..
1. Mitogen reactivity in congenital immunodeficiency states ......

35
35
35
36
38
39
39
41
43
47
47
48

49
50

65

67
68
71
71
71
71

72
75
75 .



e ——

Contents

2. Mitogen reactivity in experimental immunodeficiency states . . ..

3. Evidence of T cell specificity of PHA and Con A based on in vitro
EXDETIMERLS . als o5 e TS i Sonstsnigabak easdgowsddi. O. ..

4. Activation of both B and T cells by Con A and PHA .........

d) Mitogen reactivity in acquired diseases associated with immuno-
AERCINCT © o . i « o3l s oS 1t B ol 1000 3T o -

2. Other T Cell Mltogens — Sodium Penodate AN et aid? 30 o - < o

B. B Ol MHORENS . . . % sl s s nnisd 5 s 1o 5ode SO 1 PRuaA. 1. ... ..

1. Antl-Immunoglobulms ................... paanorl noaitad. . ... X

2. Endotoxin and Other Large Polymers ............................

C. Mitogens that Activate both T and 120 &7 AR, | SR

1. Pokeweed: Mitogen, sipaonarse-saataamsnt o aorali id. ... ...

2. Anti-lymphocyte Serum . .......c 0.0 £ aldslc? Io.aotivrban® UL ..

3. Miscellaneous Mitogens. ... . anissd.pesavild-atyoodomes L ... ..

2. Antigens .. ..... LrasaaVl sokliall Faa . Aadh b ouDRUOM SO & .. ...
A. Antigen-Induced Lymphocyte. Prohferatlon .........................

1. The Type of Cell Activated to Proliferate in Response to Antxgen invitro

B. Antlgen-Induoed Lymphqkme Production invitro ........ 00 ...,

_ C..Nature of Antigen-Receptor Intcractlons St adt Jo, af BRSPS L.
3. Allogeneic Cells and the Mixed Lymphocyte Reastion> . 91L2dQUtd. .. ..
A+ The Nature of the Lymphocyte Response to Allogeneic Cells .........
B. Class of Lymphocytes Reacting in the MLR .............00 o] 20k 1
C. Subpopulations of T Lymphocytes Activated »y Allogeneic Antigens.
Cell-Mediated Lympholysis: < : <% s 7 o swnandosll Jowd o liotan o4

4. The Nature of the Stimulant in the MLR . .7 c...oeiionen o lon,
IV. Auxiliary Activating and- Regulatory Signals-.c.. oo oo i i o oo,
;1. Serum Factors that Regulate Activation of Lymphocytes in vitro .........
A. Nonspecific Factors. Enhancing Factors and Regulatory a-Globulin . ..
B. Specific Sertm Factors ... - sovsieesastsTonseinns va BAQUESIVIK T
TIARSBodER . e | e A il B s e R e L Gao el

2. AntigenERRtibOdY: COMPIERES 145, < (s vise o sise s 00’ o male/nians oo obn o s

3 AHCIRRRE PRGN -, i oo o3 55 e s Eeaiaste s Bais; womisn st S 70 B &

2. Lymphocyte-Derived Factors that Regulate Activation in vitro ...........
A. Inhibitory Factors. Interferon and Chalones ....... o kel Nt
B, Gl BPolmncing FaClOrs L oo st ok abe St Mdiv oo prss 5t bt aamis

1. Blastogenic,Factor .................. R e

2. Transfer Factor .. ..... PSR A e o - il e M Sk cs st ]

C. The Mechanism of T-B Collaboration in vitro .................c.c...

F o Nonspecilc: T Cell Factorie 4 et i o i e il s b b5

2. Specific TROAEPactors | . 4 12 st g (e o R et b

3. Non-T Cell-Derived Substances that Can Act as Second Slgna.ls for

B R Ry R O 2§ e R es S e e et

*V. The Regulatory Role of Macrophages in the Actwatlon of Lymphocytw R T
1. Macrophage-Dependent and Immune React:ons R e A s S R
G B 5,15 s e () e 0 s b I S oS

J——

A%

76



Contents 0
1. T Cell Lymphokine Production ....... SAL SRR i SR O T 125
B. B Cell Activation....... R R R R oS s oo s v dsaiaa 126
1. Thymus-Dependent ANtIZENS .. ... ... ecueiusenesusaaneeaeeanens 126
< Macrophage Independence of Thymus-Independent Antigens and Mito-
........................................................... 127
2. Mechamsms of Action of Macrophages on Lymphocyte Activation ....... 129
A. The Role of Macrophages in the Binding, Processing and Pmentatlon
of Stimulants t0 LymphOCYtes ... .....ertrneenernennessoeneeneenn 130
1. Antigent BEMBOZ: + v5 2005 0055005 20t s oba s’ O e e b e s 0 130
2. Antigen PrOCESSING : : 53+ 605535555 4% canenaatesssns T n SR R VA 130
3. Antigen Presentation ....... e o o Bims orsie o divianie 136
a) The role of macrophage-lymphocyte contact in T lymphocyte activ-
ation s sk ¢l A R R RSP IO IR I vt . 136
b) The role of macrophage-lymphocyte contact in B cell activation .. 139
B. Production of Soluble Mediators by Macrophages ................... 141
. 1. Lymphocyte-Activating Factor .................: B e k= 141
2. Synthetic Compounds that Can Replace Macrophages ............. 142
3. Sheep Erythrocyte-Solubilizing Factor ... ....... ... . ...t LA 142
C. Role of Macrophages in Suppressing Lymphocyte Activation ......... 143
1. Suppressive Factors Elaborated by Macrophages .................. 147
D. Comparison of the Effects of Mac:ophages and Other Cell Types on
Lymphocyte Activationt! /. ocsuuyd Dov il 90 S8 2U8 200 R b 148
VI. General Mechanisms of LymphocywActtvation ................... S 149
1. The Effect of Activating Agents on the Lymphocyte Surface ............. 149
2. Early Biochemical Events Related to Lymphocyte Activation ............ 150
3. Hypothetical Mechanisms of B and T-Lymphocyte Activation ........... 152
A. B Cell Activation. The Second Signal Hypothesis and the Role of C3 .. 153
B. T Cell Activation. The Role of the Macrophage and Cell Surfaces ..... 154
Vi1. Summary and:Canclasions; .l Jo.qolaviiof, WG IS8 T0796 1 VIR0 o4 156
Acknowledptnentscialugssh bas (I0el, Sl uel ORI IInsaetor 8 158
Abbreviations: /; ;. £ 555 f1 503k it Ju LARAR VR I eSS 4 A 158
TRCTEIBNCES . s o d e B &b Bms oS s s A Ao L A o s i L NPOGERE WL .. 159

Lymphocyte Activation

H.J. WeEDNER and C. W. PARKER, St. Louis, MO: ..i...coviviiiiiaiiinia.. 195

L IBGANbHON ot anet Do il ortiiie 1) R R ST 197
1L Lymphocyw-Achvatmg Agents oIl wrlal ity A 8 O 198
AVARGRDS | R s i O L e 7 e M 5 KN el 198
B Pt MRfogenn S {30 S0 V0 SRS E R b s 8 ST el L L 199
C.-Bactetial PROGUCES <<« .o 540 Julos e 5ivibie s ivh Seni it SRy SR 0 RS 202
DIPCHIGUALE . e ot o s i harn o re sl os Bt HTEA T 181 e e 202

e (e L e 204

A ] I AT e R R S S G AL SR 206
G. Antibodies Directed toward Lymphocyte Surface Antigens .............. 208

H: Jonophoies: S S50 1 ACEE o i e R e T A » 209



IIL.

Contents VII

I. Combinations of Mitogenic Agents s NE Y bAE-GIA A To o4 RE B o+ 209

Problems in the Study of Biochemical Cham in Activated Lymphocytes 210
A. Lymphocyte Heterogenelty, Incomplete pronses -and Nonsynchrony in -
Activation arsifiict. s & bews Tomi ¢ phitondss ol easeinvel .. 210
B. Restimulation ......:..... sienlasnpenptine s SaAAG 0T sanaidvEL . .. 213
C. Hipl DoseHnhibIon: ;. b s s e sodsrasihie saihite sdivistbhA. 1. .. ... -214
D. Accessory Cells and Cell-Cell Interactions ... .. Homuann] M Ao, et o ek 214
E. Serum Proteins and Other Components of the Medium ..... o0 ... ... 217
F. Substances Secreted during Stimulation.. .. ... 3 201 2lahal WL aldizeod. H. L. 218
. Lymphocyte Activation as a Cell Surface Phenomenon 4 .. ..\ ii i viiii ol 218
. Biochemical Changes in Activated Lymphocytes ................... -1 o AP 219
A. Changes Associated with the External Plasma Membrane ............... 219
1. Sodiuneait - Potassium IOD TERABPIOTE i 5o o v s ne aioieaiorelain s b o o sisin s s 219
2. ColciuVion REANSDAIE o 2 20k o a kit Ko qaeliorcecati SN RS- - 222
" 3. Amino Acid Transport ............ A R RS e g 224
4. Carbohydrate Transport ........ Lo AR T R 1226
5 NI ATANSDORY . < 5o ba s ot 28351 T s SRS R (UL el g 228
6. Glycoprotein, Glycopeptide and Glycolipid Mgtabdlism Rty < b - 229
7. Lipid Metabolism ............. i e P T L ] 231
8. Protein Phosphorylatlon T A S e Y T G 235
9. Dynamic Membrane Changs ................................... 236
10. Summary of Early Changes in Elasmn Membrane Func’aon and Meta-~
T s Rt AR T SR S T SR e e IR L SNl 238
BLOVtoplasmICIERBDPES: . % v 5t ¢ s v die e st anabi st Saomars Bl oo o7 239
1. Protein Phosphorylation . ..........coeeueeennn T R TINE 239
2. Protein Synthesis d
1. Overall RNA Synthesis o shGn ; :
2. Attempts to Demonstrate New Species of RNA ..... NTERETEEE (@ s e oo 247
3. Polyadenylic Acid-Rich RNA ....... Jo 3595 S OHKEIOMEY Jo o sasafe WV 248
4. Transfer RNA Metabolism .. .. ... ibaa™ weiish aoits e 1 1 3 N 248
5. POIVAIINER . . o o s e o ebe s OB oasvsi. . & .. 249
6. Nucleotide Metabolism ......... osesy I basatbaldsnamelgo .0 . - 250
7. RNA Polymerasess. « .« sacesT dasnososs - soiiaisbold: moiovaeriedd v 251
8. Nuclear Template Activity ... ... 2 13- goitslgbol smolooariad G b - - 252
B, DINAMOERBIIRIT . .5 o s e it R I o e Tk ol s BIEA B 252
1. DNA PoOlymierase «:us-«3 Jatnass il oo gftal dowdw . aiodos L ad) LH ., 252
2. Nucleoside Metabolism . ............coooiivnnn patl. coits 1. . ... 253
3. Problems in Interpretation . . ... ..........c.oiseiind . a5 Japmeid X 254
. Cyclic Nucleotide Metabolism in Activated Lymphocytes .................. 255

A. Reasons for Suspecting Cyclic Nucleotide Involvement during Activation 255



VIL

D GOrosTehE DIeW Yok TN i <l . oo it ) Te Sl B | i 301
) bh rinoe o r o e A B e e e A e Y s B e Y RO 302
A. Polymorphonuclear Leukocytes in Immune Tissue Injury ............... 302
IL. The Lysosomal System of Polymorphonuclear Leukocytes ................. 303
A. Origin and Content of Polymorphonuclear Leukocyte Lysosomes ........ 303
B. Function of Polymorphonuclear Leukocyte Lysosomes . ................ 305
III. Lysosomal Constituents as Inflammatory Mediators ...................... 306
A e ProtBaie SR ~ *-T8 5o 50 ¥ 1 e L G n s s aik o s s 307
B O T T ORI & = | ol e s s e bR T NI SRS 1 T i s s o5 308
1. Human Leukocyte Elastase-hke Esterase ............ A S R 309
2. Human Leukocyte Collagenase . . . ........uuuuuureeeeenennnnonenenn 310
3. Neutral Proteases and Human Disease ..................., AR 311
C. Nonenzymatic Inflammatory Mediators ....... S Sk MR 312
D. Lysosomal Constituents and Other Inflammatory Mediator Systems ..... 313
1. Complement and Mediators of Chemotaxis ......................... 513
2. Leukokinins and Bradykinin . ..............cooiiiiinnns. G Ay 315
« 3 CORRIRtIOE BINEIIY = ot b s e 5w s b s 317
4 Rt oI RRRI et ¢ o ies s B e s st ets Sais woin s 318
5 IR RIe  a  L t s vier s a A% = e are e wiae 319
IV. Release of Polymorphonuclear Leukocyte Lysosomal Constituents .......... 319
. A. ‘Regurgitation during Feeding’ ..... B s e i AR i B i 321
B R Ve e B ORI {2 e S e R S o s e St ea o e e o 321
C. Complement-Mediated Lysosomal Enzyme Release ..... ot ay o S SR 323
V. Pharmacologic Modulation of Lysosomal Enzyme Release ................ 324
A. Pharmacologic Modulation of Complement-Mediated Lysosoma.l Enzyme
REJBASE .. ... ccaie v s s oo e darasiaisadateets MAHOGPIANT AWIRE 2 | 326
B. Other Factors which Influence Lysosomal Enzyme Release ............. 527
1. Cation Requirements for Lysosomal Enzyme Release ................ 328
VI. Summary and Conclusions ................ VSTV SLETRIR0TE L. ..., 329

Contents VIiII

B. Lectin Effects on Lymphocyte cAMP and cGMP Concentrations ........ 257
C. Effects of cAMP and cGMP on Lymphocyte Metabohsm ............... 260
D Studiesrin Subtelidar Fractions 2 7 B0 J000 R PIV 0L SNV VY 264
B.Studies of AntigencActivation ' 917 P, SIURUTEITIIRN GV L. 264
F. Involvement of Cyclic Nucleotides in T and B Cell Differentiation ....... 266
G. Evidence for cAMP Compartmentalization in Huma.n Lymphocytes .. .... 266
1. Additivity Stadies '« v« v o+ e s s don s s STRHBIEEL DR IR o, 0 266
2. cAMP Immunofluorescence Studies .. ........... 00 .. BRI L, 267
3. Studies with Isolated Subcellular Fractions ............... . 0c ... ‘269
H. Possible Models for Cychc Nucleotide Action in Lymphocyte Activation 270
Concluding Remarks:c/:stoonsa ] Sofhnl 8l 28 00usiDA 00yt N 273
References .......50:: 4+ sebobnidee P batayink alssgasdid, isvanadicifl N 274

Polymorphonuclear Leukocyte Lysosomes and Immune Tissue Injury

References ... .. ..s8fvaoilquuv.. batezizsb o ni TeeilodsiaM shita¥oul] bl .1 329



1
2

Prog. Allergy, vol. 20, pp. 1-64 (Karger, Basel 1976)

Development and Function of Subpopulations of
Thymocytes and T Lymphocytes

HARVEY CANTOR! and IRVING WEISSMAN2

Department of Medicine, Harvard Medical School, Farber Cancer Center, Boston,
Mass., and Department of Pathology, Stanford University School of Medicine,
Stanford, Calif.

Contents

L Jntroduction . k. .o oo i o o > Tt S i B i e DS R S o\ AR 4 o 2
Identification and Characterization of Thymic Precursors................... 3
A. Bone Marrow Origin of Thymic Precursor Cells ....................... 3
1. Rate of Entry of Precursor Cells into the. Thymus ................... 4
2. Differentiation of Thymic Precursors in AIloieneic Hosls 7. SN 4
B. Evidence from Thymic Precursor Activity outside Bone Marrow . ........ 5
1. Precursor Activity in Peripheral Tissues ... .7 0 . . il oo 5

2. Does a Portion of Thymic Precursor Cell Activity Develop in the Thymus
it AR SRR R R s s st Vo g WA S S0 e M 6

C. Identification and Separation of Thymic Precursors from Multipotential
Stem (Gelis Ay Marrow. . .. . . %5 Lo Sasguiia Nl ittt No-usaaus .. Lo/
D Wihere: Doesginduction Occar? v sttt s s shiangs st 1 SPONIIIRN, 9
. Cellular Proliferation and Maturation within the Thymus.................. 10
ArANtOMY-OFRMS 'TBRVANIE - . , . . - i i S QIR ool g i gk e 10
B. Evidence for Alternative Maturation Pathways within the Thymus ... .... 12
1. Cellular Proliferationinthe Thymus ............... . cesvashoaseb 1. 12
2..Cell Migration Within the TRYIDUS'. . - ... . .. il ees toian. oive subn it 13

C. Properties of Thymus Subpopulations at Different Stages of Intrathymic
%5 e dy i TR, i b oy el R i ot e 2 14
1. Long-Lived, Nondividing Thymocyte Subpopulations .. .............. 14
2. 'Ol Stirface: Antigens |, D15 Szl 2uoiev.ol il iganayz . si 15
3. Cell Size and Surface Antigenicity ... .. s I SRR 16
4. Cell Density and Surface AntigeniCity ...............coooviienon... 17
L0 T TR e R i e s PR b B SR IR B 18
D. Regulation of Intrathymic Maturation ............................... 18

Supported in part by NIH Grant No. AI-12184-01.
Faculty Research Award, American Cancer Society, New York. Supported in part

by USPHS Grant AI-09072.



CANTOR/WEISSMAN 2

IV. Thymus Cell Migration to the Peripheral Tissues .................cco.cnn 19
V. Thymocyte Maturation and Generation of Diversity .......... (0.0 0. 23
A Acquisition’ Of ATEIEERI RECEDIOTS o o o\ lol S B stin e e s s aiels i CE TSI 0 23
B. antenanoe SOERRIHErY. o s e s el S ¢ e, 20
| VI Identification of Peripheral T Cells .............. S T 9t Ao Ve 25
VII. Subpopulations of T Lymphocytes............ L D0s. eatvaomyl 27
A. Are there Peripheral T Cells at Different Stages of Post-Thymxc Maturation? 27
1. The Effects of Adult Thymectomy:on Peripheral T Cells.............. 27
2. The Effects of Thymic Products on Peripheral T Cells ................ 29
3. The Ontogeny of Peripheral T Cells ..................... et ad o Tag
B. Life Span and Homing Properties of T Cells .. 7.0 .. .. ... i . L)
€. Mitogens as Probes for'T Cell Subsets . ot .t ool v Saslo sloid Vaie oiiaigiors 34

VIH. Evidence for Interactions between Subpopulations of T Cells Mediating
Cellnlar Immune RESFONIEE=. . - 7. . o Jore atoasio bbkataersssfihe § ofa o & Bateis dlavecsigiors 35
A. Transplantation Immunity — Experimental Models .................. .. 35
10Mixed LymbhoByte MESPONSE . & IRl A s i i o a0 s o e araaass 35
2. Graft-versus-HOSt RESPONSE . . i s iisase vonns s annsie oo obss o suloitss 36
3Cytotoxie REspOnae o i 12 20is SERE U Inan s AR R G s LTS 38
B. Evidence for T-T Interaction .................. PN | PR 39
1. In the Mixed Lymphocyte RESPONSE . . . < ... enuevennnneannnns o 39
2. In the Graft-versus-Host Response ................................ 41
3. In the Production of Cytotoxic Responses .-. .. e SRR 43
IX. Regulation of the Immune Response by Subclasses of T Cells ... ..ycveieuen.. 47
A. Regulatory Interactions between Spleen and Lymph Node-Seekmg T Cells 47
B. Regulatory Eﬁects of Mitogen-Activated T Cells...........ccomeesineenn. 48

C. Identification of Precursors of Cytotoxic Cells and Helper Cells Distin-
guished by Dlﬁerent LY ANGZRNS .o . 785 s v wsuir eI - (b B ot e o 49
IRCTCTETIONS . . . ool Bt S o 12 o b la B e g s PP AT S BNy 1 sty L1~ 50

1. Introduction

There is a large body of experimental evidence delil‘iéating subpopula-
‘tions of thymus cells on the basis of size, surface antigens, proliferative po-
tential, susceptibility to various physical and chemical agents, and immuno-

“logical function. There is also increasing evidence that the thymus may give
rise to functionally distinct subpopulations of peripheral T cells, In this re-
view, we shall aitempt to define thymus and T cell subpopulations in terms
of functional and intermitotic life span, distinctive surface characteristics,
anatomic locale, homing properties, and immunologic function in the pro-
duction of cell-mediated and humoral immunity. We do not attempt an ex-
haustive review of the literature, but limit our analysis to two key aspects
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of the proble'm: the intrathymic maturation sequence, and the existence of
(and interaction between) peripheral T cell subpopulations.

We attempted to complete the literature review by mid 1973, and to limit
the references to papers which were most definitive for the topics in ques-
tion. Necessarily, we excluded papers which contributed to, but were not
central to our discussion, and also probably missed several papers central to
our topic by misadventure.

II. Identification and Characterization of Thymic Precursors
A. Bone Marrow Origin of Thymic Precursor Cells

Much of our current understanding of the development of the thymus
derives from-early experiments on the role of the thymus in murine leukemo-
genesis [88, 128, 143, 154]. Two systems were initially studied — spontaneous
leukemogenesis in AKR and C58 mice, and radiation-induced leukemias in
C57Bl and A strain mice. In the course of studying the mechanisms involved
in radiation-induced C57Bl leukemia, KAPLAN and co-workers [29, 129] noted
that whole body sublethal doses of irradiation led to rapid involution of the
thymus, and that rapid regeneration of thymus weight and architecture could
be induced by thigh shielding [29] or injection of syngeneic bone marrow
cells [29], but not by injection of thymocytes or implantation of muscle [29].
Cytogenetic evidence that most mitotic cells inthe regenerating thymus were
indeed derived from bone marrow was provided by ForD et al. [81] using
(allogenic) cells bearing a cytogenetic marker, Te [43], and GENGOZIAN
et al. [89] using rat bone marrow cells identified in the thymus by both -
cytogenetic and thymus antigen markers. However, it remained possible
that these donor cells proliferated in the host thymus as a result of stimu-
lation by host transplantation antigens. Definitive proof of proliferating
donor BM cells in a syngeneic host thymus awaited the development of a
line of CBA mice bearing the Ts chromosome marker. In this model, syn)
geneic chromosomally marked donor bone marrow cells were observed to
divide in irradiated host thymuses in the regenerative phase [82]"Since over
95% of thymic lymphocytes are derived from recently dividing cells (see
sect. ITI), observation of chromosome markers identifiable only in mitoti-
cally active cells is useful for studying thymus regeneration. Unirradiated
thymus grafts, which undergo an initial phase of cell death followed by a
regenerative phase, also show host-type mitotic cells in the majority by 2—3
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weeks [112, 157] derived from BM precursors [65]. In the irradiated host in-
jected with bone marrow cells, the cells in the regenerating thymus express
the genetic potential of the donor and not the host, at least with regard to the
specificity in the induction of graft-versus-host (GVH) disease [182] and the
expression of thymus-specific alloantigens [180, 201] and heteroantigens [89].

1. Rate of Entry of Precursor Cells into the Thymus

Only a few experiments have been performed in which the entry and
proiiferation of bone marrow precursors into the uninjured thymus under
relatively physiological conditions have been assayed. FORD ef al. [83] irra-
diated the lower quarter of mice and then transfusedythem with syngeneic
Te marked bone marrow which rapidly colonized the irradiated femoral, but
not the unirradiated humeral marrow cavities. Donor-type mitoses were first
apparent in the thymus at 5 weeks, reaching maximum values at about
9 weeks.' Similarly, unirradiated CBA hosts were transfused with syngeneic
Te marked bone marrow cells [160]. Donor mitoses rapidly appeared in bone
marrow, but donor mitotic cells were not apparent in the thymus until 4
weeks postinfusion, their levels rising until at least 12 weeks. In another ap-
proach, BRAHIM and OsMmoND [28] pulse-labeled bone marrow by a single
intracavitary injection of 8H-TdR into the femorae and tibiae of guinea pigs

e

(while clamping off the venous return and simultaneously injecting YHTdR.

into the heart), and found substantial numbers (1.8%) of labeled polymor-
phonuclear granulocytes ‘appearing in the blood 2-5 days later. Very few
labeled cells (at most 16 per whole thymus section) were seen in the thymus
in the ensuing 12 days; those were localized preferentially in the juxtamedul-
lary cortex. These studies suggest that although bone marrow serves as a
source of cells capable of proliferation in the thymus, and that although these
cells are important in the relatively rapid repopulation of the experimentally
involuted thymus, their rate of immigration into the intact thymus in normal
animals is quite low. It has been reported that massive antigenic stimulation
may slightly, but significantly accelerate this inflow of bone marrow cells in
the intact host [161].

2. Differentiation of Thymic Precursors in Allogeneic Hosts

A related question of some clinical importance involves whether stem
cells are capable of differentiating to thymocytes and immunocompetent T
lymphocytes in allogeneic, immunosuppressed hosts. Although there is good

evidence that this differentiation does occur [98], it-is not clear whether im-

munocompetent cells reactive to the transplantation antigens of the host are



