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SIJ44ARY /
THIS REPORT PRESENTS THE PROGRESS ON RESEARCH SUP1ORTED BY THE

CONTRACT DAMD ,7—7~—CJ 095 DURING THE FISCAL YEAR 1978.cMORPHOLOGIC ,
IMMUNOLOGIC AND RADIO KINETIC STUDIES HAVE BEEN CARRIED OUT TO PROVIDE
NEW INS IGHT INTO THE B I OREGULAT ION OF LYMPHOC YTE TRA FFIC IN NORMAL A NI MALS
AND HOW THIS NAY BE MODIFIED BY ADJUVANTS TO POTCNTIATE ,JMMuNE pCSPONSES
TO VACCINES. THE MEMBRANE DETERM I NANTS OF LYMPHOCYTE ~

l
~HOMING~

r ARE ANALYZED
AND EVIDENCE IS PRESENTED FOR THE CYTOSKELETAL CONTROL OF . THE$E CELLULAR
INTERACTIONS . DATA ARE PRESENTED SUPPORTING THE CONCEPT THAT “~~ RUBB I NG”~~
OF LYMPHOCYTE SURFACES BY HIGH (NOOTHELIAL CELLS MAY BE AN IMPORTANT BUT
PREV I OUSLY UNRECOGNIZED PHENOMENON FOR THE SUCCESSFUL INITIATION OF IN V I V O

IMMUNE RESPONSES. THE POSSIBLE ROLE OF CHEMOTAXIS IN REGULAT I NG THE ENTRY

AND REDISTR I BUT I ON OF LYMPHOCYTE SUBPOPULATIONS INTO DIFFERENT ANATOMICAL
REGIONS OF PERIPHERAL LYMPH NODES IS ANALYZED. STUDIES OF THE MECHANISMS

BY WHICH COMPLETE FREUND ’S ADJUVANT ENHANCES IMMUNE RESPONSES TO VEE HAVE

BEEN COMBINED WITH SURGICAL THYMECTOMY TO DEMONSTRATE THAT THE ABLATION

OF T—CELL SUPPRESSOR EFFECTS CAN POTENTIATE IMMUNE RESPONSES INIT IATED BY

VACCINE IN ADJUVAN T .
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FOREWARO

THIS ANNUAL PROGRESS REPORT IS A SUNNARY or THE RESEARCH ACTIVITI ES
CARRIED OUT BY NORMAN 0. ANDERSON, M.D. (PRINCIPAL INVESTIGATOR), ROBERT
G. HOFFMAN, 8.5. AND ST PNEN C. PONCHUK, B.S. (ASSOCIATE INVESTIGATORS)
AT THE JOHNS HOPK I NS UNIVERSITY SCHOOL OF MEDICINE , BALTIMORE , MARYLA ND.
THIS WORK WAS SUPPORTED BY CONTRACT DA*~ 17-71$—C--l$095 AND CONDUCTED UNDER •- -

PROJECT 3A762760A8311-02-92s, “PREnNT ION AND TREATMENT OF BIOLOGIC AGENT
CASUALTIES”.

IN CONDUCTING THIS RCS (ARCH~ THE I NVESTIGATORS ADHERED TO THE “GUIDE

FOR LABORATOR Y ANIMAL FACILITIES AND CARE ”, AS PROMULGATED BY THE COMMITTEE
ON THE GUIDE FOR LABORATORY ANIMAL RESOU RCES, NATIONAL ACADEMY OF SCIENCES ,
NATIONAL RESEARCH COUNCIL.
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INTRODUCT ION

A) RESEARC H OSJ(CTIVCS . THE GOALS OF THIS RESEARCH ARE TO DEFINE
THE BIOLOGICAL MECHANISMS REGULATING IMM UNE RESPONSES IN V IVO AND TO

UT I L I Z E  THIS INFORMATION IN DEVELOP I NG P4EV ADJUVANTS FOR POTENT IATING IMMUNE

RESPONSES TO MARG I NAL VACCINES.

B) BACKGROUND INFORMATION. THERE IS CONV INC I NG EVIDENCE THAT

SUCCESSFUL INITIAT ION OF IMMUNE RESPONSES TO MOST ANT I GENS OEPENDS UPON A
COMPLEX SEQUENCE or: ANT I GEN PRESENTATION; COLLABORATION BETWEEN I—
LYMP HOCYTES, B—LYMPHOCYTES AND MACROPHAGES; CELLULAR PROLIFERATION ,
DIFFERENTIATION AND MOBILIZATION WHIC I- • dODULATCO BY SUPPRESSOR CELLS ,
SPECIFIC ANT I BODY ANO LOCAL MICROENV IRO ~NTAI. CHANGES i NDUCED BY THE

RELEASE OF LYMPHOK I NES AND MACROPI4AG ( PR)OUCTS (I , 2, 3, 9). SINCE THE

EFFECT IVE USE OF ADJUVANTS DEPENDS UPON THE APPROPR IATE MANIPULAT I ON OF

ONE OR MORE OF THESE EVENTS u~ v~~~o (3~, PRECISE DEFINITION OF THE

MECHANISMS REGULATING UNMODIFIED IMMUNE RESPONSES REMAINS AS A PREREQUISITE

FOR UNDERSTAND I NG ADJUVANT- INDLICCO IMMUP4OPOT (NTIATION .

PREVIOUS STUDIES HAVE ESTABLISHED THAT ORGANIZED LYMPHATIC TISSUE ,
WITH ITS COMPLEX CELLULAR POPULATIPNS , RE TIC LJLAR MESHWORK , LYMPHATIC A ND

VASCULAR CONNECTI ONS PROVIDES AN EFFICIENT LOCUS FOR F A C I L I T A T I N G  IN V IVO

IMM UNE RESPONSES. THERE IS AMPLE CVIDCNCE INDICATING THAT ANT I GENS

ENTERING THROUGH LYMPHATICS ARC EFFECTIVELY BOUND AND CONCENTRATED WIT H IN

REGIONAL LYMPH NODES WHICH FUNCTION AS STATIONARY FILTERS SET ASTRIDE THE

LYMPHATIC NETWORK. SINCE THERE ARE ONLY 103 — ~O5 LYM PHOCYTES CAPABLE OF
REACTING WIT H A GIVEN ANTIGEN IN UNPR INtO ANIMALS , RANDOM NOVCMENT OF

THESE CELLS THROUGH THE BODY WOULD BC QU I TE UNLIKELY TO YIELD THE CHANCE
ENCOUNTER NECESSARY FOR IMMUNE RECOGNITION. THIS IS CLEARLY NOT THE CASE

IN HIGHER ANI MALS AS GOWANS (14) AND OTHERS HAVE ESTABLISHED THAT
IMM UKOCOMPETENT 118 LYMPHOCYTES EXH IBIT A PREFERENTIAL HOM I NG INSTINCT

• FOR LYMPHOID ORGANS ANO CONT I NUALLY PERCOLATE THROUGH THESE ANT IGEN-BINDING

FILTERS AS THEY RECIRC ULATE BETWEEN BLOOD AND LYMPH. THIS SELECTIVE

LYMPHOCYTE TRAFFIC PROVIDES A HIGHLY FrIC ICNT MEANS OF I MMUNOSURV E ILLANCE

AND CAN BE REGARDED AS ONE OF THE CRIT I C A L  STEPS IN I N I T I A T I N G  IMMUNE

REACTIONS IN V IVO . IN ATTEMPTS TO RESOLVE SOME OF THE MECHANISMS WHICH

REGULATE LYMPHOCYTE NECIRCULAT ION OUR PREVIOUS PROGRESS REPORTS HAVE:

(I) PROV I DED THE FIRST DETAILED DESCRIPTIONS OF THE LYMPH NODE MICRO—

VASCULATURE AND THE LOCAL HCMOOYNAMIC CONTROL MECHANISMS WHICH REGULATE

THE INITIAL DISTR I BUTION OF BLOOD-BORNE LYMPHOCYTES WITH IN LYMPH NODES;

(2) DEFINED THE ROUTE FOLLOWED BY LYMPHOCYTES MIGRATING ACROSS 11EV WALLS ;
(3) DEMONSTRATED THAT THESE INTERCELLULAR SPACES THROUGH WHICH LYMPHOCYTES

(M I GRATE FUNCTION AS ANATOMICAL COMMUNICATIONS BETWEEN LYMPH AND BLOOD

PERM I TTING MACRONOLECULAR TRACERS TO FLOW FROM THE NODE ACROSS THE 11EV
WALL INTO THE VENULAR LuMENS ; ( 14) PROVIDED MORPHOLOGIC DATA INDICAT I NG

THAT LYMPHOCYTES ACTIVELY MIGRATE THROUGH THESE SPACES SHOWING DIRECTIONAL

MOVEMENT FROM THE VENULAR LUMEN INTO THE NODAL PAAENCI-YMA (5) DOCUMENTED
THAT SELECTIVE ATTACHMENT OF LYMPHOCYTES UPON 11EV SURFACES IS MEDIATED BY

SPECIAL IZED MICROVILLUS PROJECTIONS WHICH INTERO IGITATC W ITH PITS ON THE

CNOOTHELIAL SuRFACE; (6) DEMONSTRATED THAT H (PARIN AND OTHER SURFACC

ACTIVE AGENTS CAN PREVENT OR BLOCK THIS SELECTIVE SURFACE RECOGNITION.

• THESE FINDINGS HAVE NOW BEEN COMPLIMENTED BY STUDIES DEMONSTRATING

THAT SURFACE LIGANOS CAN ALTER THE LYMPHOCYTE SURFACE (PROJECT I) AND

BLOCK LYMPHOCYTE TRAFFIC ~~ ~~~~~ (Pio.~cc~ 2). FURTHER , WE HAVE FOUND

THAT THESE SURFACE RECOGNITION MECHANISMS ARE SUBJECTED TO CYTOSKELETAL
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CONTROL THROUGH TRANSMCMDRAN ( RESTRAINTS. (PROJECT 14) . OUR RECENT STUDIES
ALSO SUGGEST THAT HIGH EMOOTPIEL IAL CELLS IN LYMPH HOOtS HAVE SPECIALI ZED
PHAGOCYTIC CAPABILITIES NOT SEEN IN OTHER VESSELS WHICH SERVE TO “S C R U B ”

SURFACE LIGANOS AND ADSORBED PROTE I NS FROM THE SURFACES OF EM I GRATING
LYM PHOCYTES (PROJECT 3) . DATA DESCRIBED IN PROJECT 5 PROVIDES AN IN VITRO
MODEL WHIC H APPEARS TO BE QUITE USEFUL IN STUDYING THE ROLE OF CIiEMOTAXI 5

IN REGULATING LYMPHOCYTE TRAFFIC IN PERIPHERAL NODES. OUR PREVIO US

O6St.RVATIONS THAT CHEMICALLY DiSPARATE ADJUVANTS SHARE THE COMMON BIOLOGIC

PROPERTY OF AUGMENTING CELLULAR TRAFFIC INTO REGIONAL NODES , HAVE NOW BEEN
EXPA NDED TO INCLUDE DETAILED OBSERVATIONS ON THE MECHANISMS OF IMMUNO—

POT(NTIAT ION BY COMPLETE FREUNO ’S ADJUVANT AND HOW THIS EFFECT CAN BE

ENHANCED BY THYM (CTONY (PROJECT 6). WHEN ALL OF THESE RESULTS ARE COMBINED ,
THEY CERTAINLY SuGGEST THAT THERE ARE SEVERAL BIOLOGICAL MECHANISMS WHICH

CAN BE MANIPULATED BY EXISTING METHODOLOGIES WHICH COULD BE OF REAL

INTEREST IN ACHIEVING IMMUNO POTENTIATION TO MARGINAL VACCINES.

PROJECT I: THE LYMPHOCYTE GLYCOCALYX AND ITS MODIFICATION BY SURFACE LIGANDS.

THE PRECISE MECHANISMS RESPONSIBLE FOR THE SELECTIVE ATTACHMENT

OF RECIRCULATING LYMPHOCYTES TO 11EV SURFACES ARE STILL CONTROVERSIAL. SINCE

GESNER AND WOSORUFI (1969) FOUND THAT TREATMENT WITH DILUTE TRYPSIII COULD

PREVENT LYMPHOCYTES FROM RECIRCULAT I NG THROUGH PERIPHERAL NODES , I T  HAS
BEEN GENERALLY ASSUMED THAT SURFACE GLYCOPROTE I NS MEDIATE THE SELCCTIVE

INTERACTIONS WITH 11EV. WHILE THIS PREMISE MAY BE CORRECT , OTHER INVESTIGATORS

(SINGER , 1975) HAVE STATED THAT SUCH FINDINGS CAN HARDLY BC CONSIDERED AS

CONVINCING EV IDENCE FOR GLYCOPROTCINS SERVING AS SURFACE RECOGNITION

MECHANISMS AS THERE IS AMPLE PROOF THAT PROTEASE TREATP4CNT CAUSES MANY

MODIr)CAT I OPIS I N THE LYMPHOCYTE SURFACE SUCH AS CHANGES IN ZETA POTENTIAL ,

ALTERED CHARGE DISTRIB UTION ANO RELEASE OF SURFACE RECEPTORS FROM PERIPHERAL

TRANSM (MBRANE RESTRAINTS. THESE CRITICISMS HAVE BEEN ANSWERED , IN PART , BY
OBSERVATIONS DESCRIBED IN OUR PREVIOUS PROGRESS REPORTS WHICH DEMONSTRATED

THAT: C , ) DILUTE TRYPSIN COULD ALSO DISLODGE ADHERENT LYMPHOCYTES FROM

H(V WHICH SUGGESTED THAT THE SAME PROTEASE SENSITIVE SURFACE CONSTITUENTS
WERE RESPONSIBLE FOR RCCOGN ITION AND ATTAC HMENT , AND (2) OUR ULTRASTRUCTURAL
OBSERVATIONS WHICH SHOWED THAT LYMPHOCYTES ATTACHED TO 11EV THROUGH VILLUS
PROJECTIONS WHICH INTERO IGITATED WITH FOCAL SURFACE DEPRESS I ONS ON THE

CNDOTHELIAL CELLS AND WHEN SURFACE COAT OL I OOSACCHARIDES WERE PRESERVED BY

SPECIAL FIXATION TECHNI QUES, A FIBRILLAR ARRAY OF ELECTRON DENSE MATERIAL

WAS SEEN BRIDGING THE INTRAMEMBRANOUS SAPS WIT HIN THESE CONTACT PO I NTS.

As THESE MORPHOLOGIC FIND I NGS PROVIDE THE BEST AVA ILABLE EVIDENCE

SUGGESTING THAT LYMPHOCYTE ATTACHMENT TO 11EV SURFACES MAY BE DEPENDENT
UPON SURFACE COAT INTCRACTION5~ WE HAVE INITIATED STUDIES TO BETTER

CHARACTERIZE THE OUTER STRUCTURE OF LYMPHOCYTE MEMBRANES.

OTHER INVESTIGATORS HAVE EMPLOYED SCL (CTIV( STAINING TECHNIQUES

TO DEFINE A GLYCOPROTCIN RICH SURFACE COAT EXTERNAL THE PLASMA MEMBRANE

IN A WIDE VARIETY OF CELL TYPES WHICH HAS BEEN POSTULATED TO PLAY IMPORTANT

ROLES IN CELLULAR RECOGNITION, DIFFERENTIATION , CONTACT INHIBI TION , ETC.

IN V IEW OF RECENT BIOCHEMICAL STUDIES OF MEMBRANE COMPOSITION, THESE

STAINING PROCEDURES PROBABLY DEFINE COMPLEX POLYSACCHARIDES , P~~OTEOGLYCANS

AND GLYCOPROTC I NS WHICH ARE ANCHORED TO THE PLASMA MEMBRANE THROUGH

HYDROPHOBIC “T A I L S ” IMBEDOED IN THE LIPID BILAYCR AS WELL AS PERIPHERAL

MEMBRANE CARBOHYDRATES WHICH ARC LINKED TO INTEGRAL COMPONENTS BY HYDROGEN

flONO I NG~ SALT BRIDGES OR OTHER FORCES. TIlE INTERACTIONS OF CATIONIC

DYES OR SPECIFIC LIGANDS WITH THESE SURFACE CARBOHYDRATES PROVIDES A UNIQUE

OPPORTUNITY TO STUDY OUTER MEMBRANE STRUCTURE AND ITS PUTATIVE LINKAGE TO 

-—-—~ •--
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THE LYM’HOCYTE CYTOSKELETON OY ULTRASTRuCTuRAL TECHNIQUES.

WE ARC CURRENTLY CARRYING OUT SUCH STUDIES IN COLLABORATION
WITH MAJOR ARTHUR ANDERSON AT USAI4RIID US I NG 14 DIFFERENT AGENTS WHICH
REACT W ITH LYMPHOCYTE MEMBRANES. THE RESULTS OF THESE EXI CR IM ENTS AR E
DETAILED BELOW .

A) RUTHE,NIUM Rto. THORACIC DUCT LYMPHOCYTES WERE COLLECT(D
FROM BOLLMAN—TY PE FIST ULAS IN NORMAL LEWIS RATS. AFTER WASHING ONCE ,
TH(5( CELLS WERE DIVIDED INTO 2 SAMPLES. ONE AL IQUOT WAS ADDED DIRC..TLY

TO PHOSPHATE-BUFFERED 3% GLuTARALDCHYDC CONTAINING 0.05% RuTHENIUM RED

AND PROCESSED FOR ELECTRON MICROSCOPY. THE REMAINING CELLS WERE

INCUBATED IN CULTURE MEDI UM CCNTA IN ING 0.05% RUTHENIUM RED FOR iO MINUTES
AT 37°C, WAS HED , AND CULTURED IN t4—I99 SUPPLEMENTED WITH iO% RAT SERUM .
AT 5(QUCP4TIAL TIME INTERVALS RANGING FROM 2 MINuTES TO 214 HOURS ,
REPRESENTATIVE CULTURES WERE HARVESTED , WASHED AND FIXED IN PHOSPHATE-

BUFFERED OLUTARALDEHYDE . THE RESULTS OF THESE STUDIES HAVE SHOWN THAT

THE ADDITION OF RUTHENIUM RED DURING FIXATION RESULTED IN THE LYMPHOCYTES
BE ING COVERED BY A THIN LAYER OF ELECTRON DENSE MATERIAL MEASURING

90 - 270A° IN THICK NESS WHICH SURROUNDED THC ENTIRE PERIPHERY OF MOST CELLS .

IN A FEW LYMPHOCYTES THIS LAYER WAS INTERRUPTED IN SOME PO I NTS f lY ~ A PS or
UNLABELED MEMBRANE WHIC H CORRESPONDED TO PROTRUSIONS OR M I C R O V IL L I .  THIS

RAT HER UNIFORM STAINING OF THE LYMPHOCYTE GLYCOCALYX WITH RUTHENIUM NED

CHANGED DRAMATICALLY IF THE CELLS WERE CULTURED PR I OR TO F IXATION. CELLS

FROM THE 2— 10 MINUTE CULTURES SHOWED THAT THE RUTHENIUM RED—STAINED

GLYCOCALYX WAS NOW BROKEN UP I NTO A FUZZY , UNEVEN LAYER INTERSPERSED

BETWEEN LARGE SEGMENTS OF UNSTA INED MEMBRANE . 8 30 MINUTES , V IRTUALLY

ALL LYM PHOCYTES DISPLAYED RUTHENIUM—RED SLYOCALYCEAL COMPLEXES CONCENTRATED

AS A BROAD CAP OVER THE UROPOD . WH ILE OUR STUDIES ON TIlt SUBSEQUENT FATE

AND RATE OF CLEAR I NG OF THESE MEMBRANE CAPS ARE STILL IN PROGRESS,

• PRELI MINARY OBSERVATIONS SUGGEST THAT THE RUTHENIUM—RID TRACER IS SLOWLY

CLEARED FROM THE LYMPHOCYTE CAP BY CNDOCYTOSIS AND SHEDD I NG OVER THE NEXT

14-6 HOURS . EQUALLY INTERESTING WERE OBSERVATIONS THAT THIS SEQUENTIAL

PROGRESSI ON FROM DIFFUSE COAT I NG TO PATCH AND FINALLY CAP FORMATION

WERE PARALLELED BY CYTOSKELCTAL CHANG(S. IN LYMPHOCYTES WHERE THE

GLYCOCALYX WAS STAINED DURING FIXATION , A NETWORK Of THIN MICROFII.ANENTS

WAS SEEN EVENLY DISTR I BUTED IN THE PERIP HERAL CYTOPLASM JUST BENEATH THE

PL*cMALEMMA. WHEN THE CELLS WERE FIXED AT iO MINUTES AFTER EXPOSURE TO

RUTHENIUM RED , THICKER LAYERS OF THE SUBMEMBRANOUS M ICROFILAMCN TS WERE

SEEN BENEATH THE SURFACE PATCHES WHILE THE DELICATE NETWORK OF SUBPLASMALENMAL

MICROFILANENTS APPEARED UNALTERED BENEATH THE INTCRVEN ING SEGMENTS OF

MEMBRANE DEVOID OF SURFACE STAINING. WHEN CAP FORMAT ION APPEARED A FTER

30 MINUTES, WIDE BUNDLES OF MICROFILAMENTS WERE FOUND CONCENTRATED WITHIN

TIlE UROPOO IN A DEEPER LOCATION EXTEND I NG FROM THE GOLGI REGION TOWARDS

THE CAPPED MEMBRANE . TsIs COMPLEMENTARY REDISTR I BUTION OF CYTOPLASMIC

MICROF ILAMENTS AS RUTHENIUM RED PATCHES AND CAPS ON 1 t LYMPHOCYTE SURFACE

CERTAINLY SUGGESTS THAT AT LEAST SOME PORTIONS OF THE LYMPHOCYTE GLYCOCALYX

AR C LINKED THROUGH THE MEMBRANE TO THE CYTOSKELETON . THIS CONCEPT HAS

BEEN DIRECTLY APPLIED TO IN V IV O CELL TRAFFIC IN STUDIES DESCRIBED IN

LATER SECTIONS Of THIS REPORT WHERE PHARMACOLOGIC A~~(NTS WHIC H DISRUPT

THE CY TOS K EL(TO N ARC SHOW N TO BLOCK LYMPHOCYTE ENTRY INTO PERIPHERAL NODES.

B) A I C IA N  BLUE. INC SAME GENERAL EXPERIMENTAL DESIGN

DESCRIBED ABOVE HAS B(CN FOLLOWED IN US ING A L C I A N  BLUE DYE TO S T A I N  TIlE

LYMPHOCYTE GLYCOCALYX . WHILE COMPARABLE CONCENTRAT IONS OF THIS DYE 

--- — -- •-.-- -
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(0.5 — 0.05%) CAuSED OVERT CYTOTOX ICITY READILY DEMONSTRATED BY TRYPAN
BEFit EXCLUSION , THE USC OF .002 - .0002% ALC IAN BL UE HAS CONSISTENTLY
YIELDCD DIFFUSE STAINING OF TNC LYMPHOCYTE SURFACE COAT WHICH PROGRESSED
TO PATCH AND CAP FORMATION WITHIN 30 MINUTES WITH - )LNTICAL PATTERNS OF
REO*C.ANIZAT IOPI OF THE CYTOPLASNIC MICROFILAMENTS. THESE OBSERVAT I ONS
CLEARLY ESTABL ISH THAT THESE CHANGES IN LYMPHOCYTE STRUCTURE CAN BE

GENERALIZED TO A VAR IETY OF DIFFERENT CAT IONS WHI CH REACT WITH SURFACE
CARBO HYDRATES.

c) FERRITIN—CONJ UGATED CONCANAVALIN A. OTHER INVESTIGATORS

(YANARA AND (OILMAN , i97k, KARNOVSKY AND UNANUE, 19714) HAVE REPORTED THAT
THE PLANT LCCTIN — CONCANAVALIN A SELECTIVELY BINDS TO MANNOS I DE RESIDUES

IN THE CARBOHYDRATE SIDE CHA I NS OF GLYCOPIOTC I NS, AND AT HIGH CONCENTRATIONS

TH IS INTERACTION CAN INHIBIT THE PATCHING AND CAPPING OF OTHER SURFACE

ANT I GENS . WHILE THERE STILL IS SOME DEBATE OVER WHETHER THIS INHIBITION

OF CA PPING IS DUE TO ANCHOR I NG OF THE SURFACE RECEPTORS THROUGH A MEMBRANE

MODULAT I NG SYSTEM OR SIMPLY THE DIRECT RESULT OF CROSSLINK I NG OF THE VAR I OUS

MEMBRANE COMPONENTS BY CON A , THIS LECTIN CERTAINLY PROVIDE S A MEANS FOR

COVERING MEMBRANE .LYCOPROTE I NS WHICH MIGHT PREVENT SURFACE RECOGNITION

BETWEEN LYMPHOC YTES AND HIGH ENOOTIIELIAL CELLS .

BCCAUSI OF OUR INTEREST I N SUCH POTENTIAL “BL I PIDFOLOI NG”

E F F E C T S , WE HAVE BEGUN A SERIES OF STUD IES ON THE ULTRA STRUCTURA L CHANGES

INDUCED IN RAT THORAC IC DUCT LYMPHOCYTES BY CONCANAVA IIP4 A . WHILE HIGH

CONCENTRAT I ONS OF THIS LECTIN (~~2o LIG/ML) CAN COAT THE OUTER LYMPHOCYTE

MEMBRANE TO PRODUCE A THIN LAYER OF INCREASED RAOIODCNSITY DEMONSTRABLE

BY HIGH RESOL UT I ON ELECTRON MICROSCOPY , WE HAVE PURPOSELY AVOIDED THIS

APPROACH AS SUCH DOSAGES ALSO PRODUCE RAPID CELL. DEATH (DC PETRIS , 1975).

INSTEAD, WE HAVE LABELED HIGHLY PURIFIED CON A WITH FERRITIN US I NG

TEC HN IQUES DESCRIBED BY (DELMAN (1973). THEN RAT THORACIC DUCT LYMPHOCYTES

WERE INCUBATED IN VITRO WITH NON—CYTOTOXIC CONCENTRATIONS OF THIS REAGENT

(1— 10 J.IG/ML ) FOR 10 MINUTES AT 37°C. THE CELLS WERE THEN WASHED; R(TURNC D

TO CULTURE MEDIA FOR INTERVALS RANGING FROM 3-120 MINUTES, AND THEN FIXED

I N SLUTARALDEHYDE AND PROCESSED FOR ELECTRON MICROSCOPY. SEVERAL INTERESTING

FEATURES NAVE EVOLVED FROM THESE STUDIES. IN EACH SAMPLE EXAMINE D, THIS

PROCEDURE HAS YIELDED SURFACE LABELING OF 90—98% OF ALL THE LYMPHOCYTES

BY SCATTERED F (RRITIN PARTICLES DISTRIBUTED AS SINGLE GRANULES OVER THE

MEMBRANE OR COALESCED PATCHES OF MULTIPLE FERRITIN PARTICLES. DIFFUSE,

HOMOGENEOUS LABELING COMPARABLE TO THA T PRODUCED BY THE METAL DYES HAS

NEVER BEEN SEEN. FURTHER , WHEN THESE CELLS ARE EXAMINED AFTER PROGRESSIVE

TINE INTERVALS Of CULTURE , THERE IS A DEFINITE TENDENCY FOR THE FERR IT IN

TRACER TO AGGREGATE INTO DISCRETE FOCAL PATCHES BUT FRANK CAPPING HAS BEEN

OBSERVED IN ONLY 14—6% OF THE CELLS. WH iLE THIS MAKES IT DIFF ICULT TO

DETERM I NE WHITHER CON A I NDUCES A REORGANIZATION OF THE LYMPHOCYTE

cYTOsKELET0N ; THESE PATCHES APPEAR TO PERSIST FOR HOURS WITH ONLY MI N I M A L

SIGNS Of THE IR BEING CLEARED BY SHEDD I NG OR ENoocYTo:Is. SUCH FIND I NGS

SUGGEST THAT THIS LECTIN MAY BC AN IDEAL AGENT FOR DETERMINING THE EFFECTS

OF MEMBRANE “BL I NDFOLDING” UPON LYMPHYCYTE TRAFFIC IN VIVO AS SHOW N IN

PROJECT 2.

o) FE R R I T I N  AND PEROXIDASE CONJUGATED ANTI— IMM UNOGI .OBIJLIN.

THERE IS AN EXTENSIVE LITERATURE DEMONSTRAT I NG THAT

TRACCR CONJUGAT (D ANT I IMMUNOGLOBUL I NS BIND SELECTIVE TO LYMPHOCYTE SURFACE

IGG TO PRODUCE PATCHING AND CAPPING . To PERMIT DIRECT COMPARISONS W i T H

OBSERVATIONS MADE WITH THE CAT IONIC DYES AND CON A , WE HAVE ALSO UNDERTAKEN
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A BR IEF EVALUATION OF THE ULTRASTRUCTURAL CHANGES INDUCED IN LYMPHOCYTES

BY ANTI IMMUNOGLOBULINS .

RABBIT—ANT I —RAT IsG CONJUGATED WITH EIT HER HORSERADISH

PEROX IDASE OR FERRITIN WAS PURCHASED FROM CAPPELL LABORATORIES

(DOWNINGTOWN , PA.). AFTER ABSORBING THIS MATERIAL TWICE WITH AN EQUAL

VOLUME Of FRESHLY ISOLATED LEWIS RAT TIIYNOCYTES TO REMOVE POSSIBLE

SPECIES-SPECIFIC ANTIBODIES , THE CONJUGATED GLOBULIN ‘-lAS DILUTED TO A

CONCENTRATION OF 50 MG. PROTEIN PER ML . THIS ADSORBED ANTIBODY WAS THEN

REACTED WITH RAT THORACIC DUCT LYMPHOCYTES (WHICH HAD BEEN WASHED x3 TO

REMOVE EXTRANEOUS PROTEINS ) FOR HOUR AT 50C THE CELLS WERE THEN

CENTRIFUGED , WASHED , AND TRANSFERRED TO CULTURE MEDIUM . AFTER INC UBATION

AT 37CC FOR VARYING TIME I NTERVALS , THE CELLS WERE HARVESTED AND PROCESSED

roR EM STUD I ES US I NG METHODS DESCRIBED PREVIOUSLY. ELECTRON M ICROGRAPHS

OF THESE LYMPHOCYTES SHOWED THE TYPICAL SEQUENCE OF SCATTERED DIFFUSE

LABELING OF THE OUTER MEMBRANE SURFACE BY ELECTRON DENSE TRACERS IN 1/3

OF THE THORACIC DUCT CELLS WHICH RAPIDLY PROGRESSED DURING INCUBATION AT

370 TO PATCH AND CA P FORMATION A l 1, HOUR. AT LATER INTERVALS (2—14 HOURS)
THE LYMPHOCYTE SURFACES WERE COMPLETELY FREE OF TRACER , BUT FERRIT IN

GRANULES COULD BE DEMONSTRATED W I T H I N  ENOOCYTIC VACUOLES AND EXTRACELLULAR

DEBRIS. Or EQUAL INTEREST IN THIS STUDY, WERE OBSERVATIONS THAT NUCLEAR

PORES TENDED TO LIE DIRECTLY BENEATH M ICROVILLUS PROJECTIONS IN CELLS WHICH

MAO NOT YET DEVELOPED LARGE PATCHES OR CAPS. MOST OF THESE M I C R O V I L L I

CONTAINED A CENTRAL CORE OF ALI GNED NICROFILAMENTS PASSING ALONG THEIR

LONGITUD I NAL AXIS , AND IN SOME CELLS THESE FILAMENTS OR THE SURROUND I NG

ZONE OF RIBOSOMAL EXCLUS I ON COULD BE TRACED THROUGH THE CYTOPLASM TO SITES

AT OR NEAR THE UNDERLYING NUCLEAR PORE . As PATCHING PROGRESSED TO CAPPING ,
TIlE MICROFILAMENTS APPEARED TO BE REORGANIZED INTO BROAD BUNDLES CONCENTRATED

IN THE CYTOPLASM BENEATH CAPPED MEMBRANE OF THE UROPOD . IN THESE CELLS

THE NUCLEUS APPEARED TO BE ROTATED OR REORIENTED SO THAT THE NUCLEAR PORES

WERE ALL CONCENTRATED ON THE POLE OF THE NUCLE US FAC I NG THE UROI~OD WHILE

THE PARANUCLEAR CYSTERN DOMINATED THE OPPOSITE NUCLEAR POLE. THESE

4 OBSERVATIONS ARE PARTICULARLY INTRIGU I NG FOR THEY CERTAINLY SUGGEST THAT

ALTERATIONS IN THE OUTER LYMPHOCYTE MEMBRANE ARE TRANSMITTED INTO CYTOSKELETAL

REORGANIZATION WITH CONCOMITANT CHANGES IN NUCLEAR MORPHOLOGY . SINCE THIS

LIGANO IS KNOW N TO BE MITOGENIC , THESE FIND I NGS MAY PROVIDE THE

~YTOSTRUCTURAL BASIS ON HOW MEMBRANE SIGNALS ARE TRANSM I TTED TO THE NUCLEUS .

BECAUSE OF THESE IMPLICATIONS FURTHER STUDY OF THIS PHENOMENON IS IN PROGRESS.

PROJECT 2. THE BLOCKADE OF LYMPHOCYTE RECIRC ULATION BY SURFACE LIGANDS .

4 fTHC “BL I NOFQLDtNG ” HYPOTHES I!J.

IN THE MID i 960’s, MEDAWAR POSTULATED THAT COATING OR COVERING

OF LYMPHOCYTE SURFACES BY NON—TOXIC AGENTS MIGHT DISRUPT LYMPHOCYTE

REC IRCULA TION BY “B L I N D F O L D I N G ” THE MEMBRANE SEGMENTS REQUIRED FOR SURFACE

RECOGNITION. SUBSEQUENT ATTEMPTS TO DOCUMENT THE VAL OITY OF THIS CONCEPT

FOR EXPLAINING THE ALTERED LYMPHOCYTE TRAFFIC KINETICS PRODUCED BY ANTI—

IMMUNOGL0B ULINS~ LECTINS AND MITOGENS HAVE BEEN INCONCLUSIVE. SINCE THE

OBSERVATIONS OUTLINED IN PROJECT I HAVE DEFINED SEVERAL DIFFERENT AGENTS

WHICH CA USE DIFFUSE AND PROLONGED COATING OF LYMPHOCYTE SURFACES , WE
HAVE COMBINED THIS METHOLOLOGY W ITH QUANTITATIVE MEASUREMENT Of RAOIOLABELEO

LYMPHOCYTE TRAFFIC KINETICS TO DETERMINE WHETHER “BL I NDFOLDING ” BY SURFACE

LIGANDS CAN BLOCK LYMPHOCYTE RECIRCULATION IN VIVO.
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*) STUDIES WITH RUTHENIUM RED. T~c IN VITRO EFFECTS OF
VARYING CONCENTRATIONS OF RUTHENIUM RED DYE UPON RAT L~ NPHOCYTES ARE
SUMMARIZED IN TABLE I. THESE RESULTS SHOW THAT 5 X 100 RAT SPLEEN CELLS
CULTURED FOR 72 HOURS WITH RUTHENIUM RED AT DOSAGES OF (0.01 - .0) MG/ML
FAILED TO I NCORPORATE 3H—TI.IYMIOINE AT LEVELS INDICATIV E OF A M ITOGENIC

RESPONSE. HIGH DYE CONCENTRATIONS (.0 MQ/ML) CAUSED IMMEDIATE

AGGLUTINATION AND DIRECT TOXIC EFFECTS ON THORACIC DUCT LYMPHOCYTE SUSPENSIONS .
HOWEVER , THESE CHANGES WERE NOT SEEN WHEN THE DOSAGE OF RUTHENIUM RED

WAS REDUCED TO 0.1 — 0.5 MG/ML. DESPITE THE PRODUCTION OF SURFACE

PATCHES AND CAPS DEMONSTRABLE BY TEM, RAT LYMPHOCYTES TREATEO WITH LOW
DYE CONCENTRATIONS DISPLAYED NORMAL PATTERNS OF RANDOM AND DIRECTIONAL

MOVEMENT WHEN THEIR MIGRATION IN AGAROSE PLATES WAS ASSAYED AGA I NST

ENOOTOXIN ACTIVATED SER UM.

DIRECT ASSESSMENT OF THE POSSIBLE CELL. TRAFFIC CHANGES INDUCED

BY COAT I NG LYMPHOCYTE SURFACE WIT H RUTHENIUM RED WAS THEN MADE US I NG

TECHNIQUES DESCR I BED IN OUR PREVIOUS PROGRESS REPORTS. AFTER LABELING

RAT THORACIC DUCT LYMPHOCYTES BY IN VITRO INCUBATION WIT H 3H—URIO INE ,
THESE CELLS WERE WASHED AND EXPOSED TO VARYIN G CONCENTRATIONS OF RUTHENI UM

R E D  FOR ~0 MINUTES AT 37°C. THEN THE CELLS WERE WASHED AGAIN , RESUSPENDED

IN CULTURE MEDIUM AND INJECTED INTRAVENOUSLY I NTO NORMAL LEWIS RATS AT A

DOSE Of 106 PER GRAM BODY WEIG HT. THE RECIPIENTS WERE KILLED AT SEQUENTIAL

INTERVALS POST—INFUSION AND THEIR VISCERA EXCISED , WE I GHED AND PROCESSED

FOR WHOLE ORGAN COUNT I NG . THE RESULTS OF THESE STUD I ES ARE SUMMARIZED IN

TABLE 2 WHICH SHOWS THAT CYTOTOXIC DYE CONCENTRATIONS (I MG/ML) CAUSED A

MARKED SUPPRESS I ON IN THE ACCUMULAT I ON OF RADIOLABELED LYMPHOCYTES IN

LYHPNOGO ORGANS WHICH WAS PARALLELED BY INCREASED HEPATIC UPTAKE OF

RADIOACTIV iTY. WHEN THE 3H—URIDINE LABELED CELLS WERE EXPOSED TO

RUTHENIUM RED AT DOSES OF 0.05 MG/ML BEFORE INF US I ON, THEIR ENTRY INTO

PERIPHERAL NODES WAS REDUCED BY ~O—140% AT EACH TIME INTERVAL STUD I ED . WHILE

THIS COULD REFLECT “BL I NDFOLDING ’, THIS REDUCTION IN RADIOAC TIVITY

W I T H I N  LYH~ NOID TISSUES CAN BE ACCOUNTED FOR BY THE ENHANCED HEPA TIC
UPTAKE OF “H—URIDINC SEEN iN THE SAME ANIMALS. SINCE DEAD OR SEVERELY

DAMAGED LYMPHOCYTES TEND TO SEQUESTER IN THE HEPATIC RE SYSTEM AFTER
TRANSFUS I ON S THE ABOVE FIND I NGS CAN BEST BE EXPLA I NED BY RUTHENIUM RED

INDUCED CYTOTOXICITY WHICH WAS NOT DETECTED BY DYE EXCLUSION METHODS .

THIS CONCEPT IS SUPPORTED BY OUR OBSERVAT IONS THAT LYMPHOCYTES TREATED WITH

RUTIEN I UM RED AT 0.0, MG/ML SHOWED IDENTICAL PATTERNS OF PATCHING AND

CAPP IIG OF THEIR SURFACE COMPONENTS , BUT WHEN THESE CELLS WERE INFUSED

IN V IVO THEY DISPLAYED COMPLETELY NORMAL TRAFFIC KINETICS IN LYMPHOID ORGANS .

WHEN COMBINED WITH RESULTS PRESENTED IN PROJECT I , THESE FIND I NGS INDICATE

THAT RUTHENIUM RED CAN COMB I NE WITH DIFFUSE SURFACE COAT CONSTITUENTS

WITHOUT AFFECTING THE ABIL ITY OF LYMPHOCYTES TO RECIRCULATE IN VIVO .

TH IS NEGATES SIMPLISTIC THEORIES OF CELLULAR “BL I NDFOLD I NG ”, BUT IT DOES

NOT PRECLUDE A ROLE FOR SURFACE COAT IN THE ATTACHMENT SEQUENCE AS MOST

OF THE LYMPHOCYTE MEMBRANES ARC CLEARED OF DYE AS THE COMPLEXES AGGREGATE

AND CAP OVER THE UROPOD . ULTRASTRUCTURAL STUDIES ARE IN PROGRESS TO

CLARIFY THIS ISSUE BY DETERMINING WHETHER RUTHENIUM RED TREATED—LYMPHOCYTES

DO, IN FACT , ATTACH TO HEV SURFACES AND EM I GRATE ACROSS THE VENULAR WALL

IN A NORMAL MANNER.

B) STUD I ES WITH ALC I AN BLUE Dxc. THE EFFECTS OF GRADED
DOSES Of AL C IAN BLUE DYE UPON RAT LYMPHOCYTES IN VARIOUS IN VITRO

ASSAYS ARC SHOWN IN TABLE I. THIS SURFACE LIGAND FAILED TO PRODUCE DIRECT

M ITOGENIC EFFECTS UPON SPLEEN CELL CULTURES. AT cONCENTRAF IONS OF

_ _ _ _ _ _ _ _ _ _ _
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200 UG/ML A LC IAN BLUE CAUSED LYMPHOCYTE AGGREGATION AND O IRCCT CYTOTOXICITY
WITHIN 10 MINUTES , BUT BOTH OF THESE EFFECTS DISAPPEARED AT LOWER DOSAGES
WHICH I NDUCED SURFACE PATCHING AND CAPPING WITHOUT CAUS I NG DETECTABLE CHANGES

CELLULAR MOTILITY. IN V IVO TRAFFIC STUDIES (TABL E 14) EMPLOYING
3H—URIDINC LABELED LYMPHOCYTES DEMONSTRATED THAT BRIEF INCUBATION W I T H

A LCIAN BLUE AT 200 UG/ML MARKEDLY SUPPRESSED THE ACCUMULATION OF THESE
CELLS WITHIN LYNPHOIO ORGANS . As CXPtCTED FROM THE V I A B I L I T Y  STUDIES ,
THIS CHANGE WAS CLEARLY DUE TO DIRECT LYMPHOCYTE CYTOTOXICITY REFLECTED
BY THE STRIKING INCREASE IN THE HEPATIC UPTAKE OF RADI O A C T I V I T Y  IN THESE

RATS (16.9% AS OPPOSED TO THE 5%-i0% RANGE SEEN AFTER INFUSING NORMAL

j CELLS). HOWEVER , SIMILAR TREATMENT Of RADIOLAB ELED LYM PHOCYTES WITH

A L C I A N  BLUE AT 20.UG/ML CAUSED AN ALMOST EQU I VALENT SUPPRESSION or CLII
TRAFFIC INTO LYMP HATIC TISSUES. SINCE THIS WAS NOT PARALLELED BY

INCREASED MEPATIC RADIOACTIVITY OR OVERT TOXICITY DEMONSTRABLE BY DYE

EXCLUSION TEC HNIQUES 1 THIS PATTERN OF ALTERED RECIRCULATION CAN PROBABLY

BE ATTR I BUTED TO “BLINDFOLD I NG”. As LYMPHOCYTES EXPOSED TO LOWER DYE
CONCENTRATIONS (0.2 — 2.0 UG/MI) DISPLAYED NORMAL TRAFFIC PATTERNS IN V IVO ,

THE ABILITY OF A L C I A N  BLUE TO BLOCK RECIRCULATION APPEARS TO DC DEPENDENT

UPON A CRITICAL DOSAGE RANGE . THE PRECISE MEI4ORANC—CYTOSK(LCTAL CHANGES

INDUCED BY 20 UG/ML OF ALC IAN BLUE ARE STILL BE I NG STUDIED BY ELECTRON

MICROSCOPY (PROJECT ) .  OUR PRELIMINARY DATA SUGGESTS THAT THE DYE—

GLYCOCALYX COMPLEXES ARE CLEARED FROM THE LYMPHOCYTE SURFACE WIT HIN

HOURS. IF THIS IS CONF I RMED , THE PROLONGED SUPPRESS I ON OF LYMPHOCYTE

RECIRCULATION SEEN IN VIVO MAY REFLECT THE TIME REQUIRED FOR THE TREATED

LYMPHOCYTES TO REGENERATE NEW MEMBRANE RECOGNITION SITES.

c) STUDIES WITH CONCANAVALIN A. IN VITRO OBSERVATIONS ON

RAT LYMPHOCYTES TREATED WITH TETRAVALENT CONCANAVALIN A ARE PRESENTED IN

IABLE 5. INC RESULTS INDICATE THAT STANDARD DOSES OF THIS LECTIN PRODUCE

MITOGENIC RESPONSES IN RAT LYMPHOCYTES WIT HOUT ALTERING CELL V I A B I L I T Y  OR

9 I NDUCING AGGLUTINATION. WHEN THE CON A DOSAGE IS INCREASED TO 2.5—10 pG/NL ,
THIS PRODUCES OVERT CYTOTOXICITY WITH LOSS OF THE MITOGENIC EFFECTS . ALL.

OF THE CON A DOSAGES TESTED IN THIS STUDY CAUSED PATCH FORMATION DEMONSTRABLE

BY ELECTRON MICROSCOPY (PROJECT I) BUT THIS RARELY PROGRESSED TO CAP

FORMATION WHEN THORACIC DUCT LYMPHOCYTES WERE USED AS THE CELL SOURCE.

Or EQUAL INTEREST , ARC THE OBSERVATIONS THAT BOTH CONVENT I ONAL AND HIG H

CON A DOSAGES APPEARED TO SUPPRESS LYMPHOCYTE MOTILITY AS MEASURED BY
MIGRATION UNDER AGAROSE. RESULTS PRESENTED IN lADLE b COMPARE THE

LYMPHOCYTE TRAFFIC KINETICS SEEN AFTER TREATING RADIOLABELED LYMPHOCYTES

W IT H VARYING CONCENTRATIONS OF CON A PR I OR TO THEIR INFUSION INTO NORMAL

RECI PIENTS . THE COMPLETE FAILURE or LYMPHOCYTES EXPOSED TO 5—10 uG/MI
-4 CON A TO ACCUMULATE IN PERIPHERAL LYMPH NOOtS MAY BE DUE TO LIGAND—

IND UCED MEMBRANE CHANGES SINCE THERE WAS NO EVIDENCE FOR INCREASED HEPATIC

UPTAKE OF THE LABEL USUALLY SEEN WITH DEATH OF THE INFUSED CELLS . rURTHER ,

LYMPHOCYTES PRI— INCUBATCO WITH 2.5 UG ML CON A EXHIBITED A 50% REDUCT ION
IN THEIR ABILITY TO ENTER LYMP HATIC TISSUES IN THE AUSENCE OF ANY S II~NS

OF CYTOTOXICITY. SINCE COMPARABLE CELLS TREATED WITH I gJG/M L CON A
DISPLAYED ENTIRELY NORMAL. TRAFFIC KINETICS IN 

____ 
THIS BLOCKADE OF

LYMPHOCYTE RECIRCULATION APPEARED TO BE DOSE RELATED. WHEN THESE OBSERVATIONS

ARE COMBINED WITH EVIDENCE FROM OTHER LABORATORIES INDICATING THAT THERE

ARE A VAR IETY Of SURFACE RECEPTORS WITH DIFFERENT AFFINITIES FOR CON A , IT
SEEMS ENT I RELY PLAUSIBLE THAT INCREA SING CONCENTRATIONS OF THIS LIGAND MAY

CAUSE PROGRESSIVE CROSS—LINK I NG OF MEMBRANE COMPONENTS TO DISRUPT THE

RECOGNITION MECHANISMS REQUIRED FOR LYMPHOCYTE ENTRY I NTO NODES. IT IS

STILL UNCERTAIN WHETHER THIS BLOCKADE OF CELL TRAFFIC REFIECTSSIMPLC

____________________ 
— -~~~~~-~~~~~
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MASKING 01 MEMBRANE COMPONENTS OR SECONDARY METABOLIC CHANGES INDUCED BY
THIS NITOGEN. ATTEMPTS TO RESOLVE THIS ISSUE ARE IN PROGRESS UT I L I Z I N G
MONO AND DIVALENT FORMS OF CON A WHICH COMB I NE WITH SURFACE OL I GOSACCHAR IDLS

AND INDUCE BLASTOGENESIS WITHOUT CAUSING TUE RECEPTOR CROSS—LINKAGE

RE QUIRED FOR PATCH FORMATION . RESULTS DESCRIBED IN PROJECT I HAVE SHOWN

THAT PATCHES OF FERRITIN—CONJUGATCO CON A PERSIST ON THE LYMPHOCYTE

SURFACE FOR SEVERAL HOURS. SINCE OUR PRELIMINARY ULTRASTRUCTURAL STUDIES

ON THE TRAFFIC OF SUCH CELLS IN NORMAL RECIPIENTS HAVE IDENTIFIED

NUMEROUS LIGAND—B (ARING CELLS IN REV LUMENS WHILE ONLY OCCASIONAL CELLS

EM I GRATE INTO THE REV WALLS, IT S((MS LIKELY THAT CON A INTERFERES W I T H

MEC HANISMS RESPONSIBLE FOR THE SELECTIVE ATTACHMENT OF LYMPHOCYTES TO REV
SURFACE.

• 
~) STUDIES WITH ANTI-IMMUNOGLOBULINS , To ACHIEVE MAXIMAL

R E A C T I V I T Y  WITH THE VARIO US LYMPHOCYTE POPULATION IN THORACIC DUCT LYMPH ,

RAB 8IT AN T I— RA T  IMMUNOGLOBULIN (CAPPELL LABORATORIES , DOWN I NGTON, PA.) WAS

USED WITHOUT PRIOR ABSORBTION WITH LEWIS THYMOCYTES TO REMOVE HCTEROSPEC U r I C

ANT I BODIES. THIS PREPARATION WAS FOUND TO BE WEAKLY HITOGENIC IN LYMPHOCYTE

CULTURES (TABLE 7) AND CAUSED SURFACE CAPPING IN 714% OF THE CELLS WITHOUT
I NDUCING AGGLUTINATION OR LYSIS WHEN THE ANT I IGG COATED LYMPHOCYTES
WERE ADDED TO NORMAL RAT SERUM . RAT THORACIC DUCT CELLS PRE-INCUBATED

WIT H THIS ANT I loG EXHIBITED NORMAL PATTERNS OF RANDOM AND DIRECTIONAL
MIGRATION WHEN TESTED IN THE NELSON CHEMOTACTIC ASSAY. IN CONTRAST ,
RABB IT—ANTI-RAT THYMOCYTE GLOBULIN CAUSED COMPLETE LYSIS OF ALL THORACIC

DUCT LYMPHOCYTE POPULATIONS WHEN SERUM WAS ADDED TO THE VARIOUS IN VITRO

ASSAY PROCEDURES.

THE DIFFERENCES BETWEEN THESE ANT I BODY PREPARATIONS WAS

EQUALLY APPARENT IN THE IN VIV O STUDIES OF TRAFFIC KINETICS (TABLE 3) .
RADIOLABELED LYM PHOCYTES PRE—INCUBATED WITH ATG FAILED TO ENTER LYMPHATIC

TISSUES AND THIS WAS CLEARLY DUE TO LYSIS AFTER EXPOSURE TO COMPLEMENT

IN V IVO AS THE LIVER WAS THE ONLY ORGAN SHOW I NG SIGNIFICANT R A D I O A C T I V I T Y

IN THE RECIPIENTS . IN CONTRAST , CELLS EXPOSED TO ANT I IGG DISPLAYED
PERFECTLY NORM .L PATTERNS OF UPTAKE AND REDISTR I BUTION IN RAT OR GANS DESPITE

OUR FIND I NG THAT NEARLY 3/14 OF THESE CELLS CARRIED IMMUNOGLOBULIN LIGANDS

COMPLEXED TO THEIR SURFACES . WH I LE THE RESULTS DESCRIBED IN PROJECT I

DEMONSTRATED THAT THE ANT I IGG COMPLEXES WERE SHED FROM LYMPHOCYTE SURFACES
WIT HIN 14 HOURS, IT IS KNOWN FROM STUDIES IN OTHER LABORATORIES THAT 12—20
HOURS ARE REQUIRED FOR LYMPHOCYTES TO REGENERATE THEIR SURFACE IGG
RECEPTORS. TOGETHER , THESE OBSERVATIONS CLEARLY ESTABLISH THAT SURFACE

IMMUNOGLOBULINS ARE NOT THE MEMBRANE COMPONENTS WHICH MEDIATE THE SURFACE

4 RECOGNITION REQUIRED FOR LYMPHOCYTE HOM I NG INTO REV .

PROJECT 3. THE SELECTIVE PHAGOCYTIC A C T I V I T I E S  OF HIGH ENDOTHELIAL CELLS.

IT~~E 
“SCRUBBING HYPOTMES $

~ II.

CYTOCHEMICAL AND ULTRASTRUCTURAL OBSERVATIONS PRESENTED IN

OUR PREVIOUS PROGRESS REPORTS HAVE ESTABLISHED THAT THE HIGH ENDO FMELIAL

CELLS IN LYMPH NODE VENULCS POSSESS STRUCTURAL AND METABOLIC PROPERTIES

C’)NSIST (NT WITH SPECIALIZED FUNCTIONS NOT FOUND IN OTHER TYPES OF VASCULA .

ENDOTHELIUM . WE HAVE NOW COMPLETED A SERIES OF STUDIES COMBINING REGIONAL

AR T E R I A L  PERF USION OF DIFFERENT COLLOIOS 1 BACTERIA AND ALTERED CELLS WITH

ULTRASTRUCTURAL STUDIES ~F THE REGIONAL AND DISTANT NODES WHICH INDICATE THAT

TH IS ENOOTMELIUM CAN DISPLAY PHAQOCYTIC A C T I V I T I E S  UNDER NEAR PHYSIOLOGIC

CONDITIONS .

____________________________________
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IN ULTRASTRUCTURAL STUDIES OF REGIONAL NODES DRAINING SKIN

ALLOGRA ITS , PERTUSSIS VAC CINE AND VEE VACCINE IN CONPL~~TE FREUNO ’S ADJ UVANT ,
WE HAVE OBSERVED SPORADIC EVIDENCE FOR THE PHAGOCYTOSIS OF F IB R I N  STRANDS

AND CELLULAR DEBRIS FROM THE VENULAR LUMENS BY HIGH ENDOTHELIAL CELLS . IN

THIS SETTING , ENDOTHELIAL CELL PHAGOCYTIC A C T I V I T Y  CO ULD HAVE REAL RELEVANCE

IN CLEARING THE VASC ULAR SYSTEM OF SMALL CLOTS AND DAMAGED CELLS APPEARING

AS HISTAMINE , K I N I N S , ACTIVATED COMPLEMENT COMPONENTS AND LYMPHOKINES LEAK

FROM THE PARENCHYMA OF THE INFLAMED NODE INTO REV LUMENS . FURTHER , WE HAVE

DEMONSTRATED ENDOCYTOSED CARBON PARTICLES , THOR I UM DIOXIDE AND FER RIT IN

GRANULES ADMIXED WITH MEMBRANE AND L I P I D  INCLUSIONS W I T H I N  LYSOSOMES IN
— 

HIGH ENOOTHELIAL CELLS AFT(!~ INF US I NG THESE INERT PARTICLES INTO THE
• REGIONAL CIRCULATION. WHILE SUCH OBSERVATIONS ARE NOT TRULY QUA N T I T A T I V E ,

THE ABSENCE OF ENDOCYTOSCO PARTICLES IN THE ENDOTHELIUM L I N I N G  OTHER NODAL

VESSELS SUGGESTED THAT THIS PHAGOCYTIC A C T I V I T Y  WAS coNr I NED TO REV .
FOLLOW I NG INTRA-AR T (RIAL INFUSIONS WITH KILLED AND WASHED PNCUMOCOCCI

AND STAPHYLOCOCCI , THERE WAS NO MORPHOLOGIC EVIDENC E FOR PHACOCYTOS IS OF

THESE ORGANISMS BY REV DESPITE THE FREQUENT FIND I NG OF NUMEROUS BACTERIA
— 

LYING FREE OR ENMESHED W I T H I N  F IB R I N  IN TIlE VESSEL LUMENS . HOWEVER , PRE-

INC UBATING THESE BACTERIA IN S P E C I F I C  ANTIBODY , OR THE INFUSION OF ORGANISMS

KN OWN TO BIND Cl
3 AND A CTIVATE THE ALTER NATE COMPLEMENT PATHWAY (S TYPHOSA

AND YEAST ) YIELDED TYPICAL PHAGOCYTOSIS WHERE THE MICRO—ORGANISMS WERE

EN GULFED BY FILO PO DIA PACKAGED W I T H I N  PHAGOLYSOSONCS , AND DEGRADED W ITHIN

HIGH ENDOTHELIA L CELLS . SIMILARLY , REGIONAL INFUSIONS WIT H A LLOGENE IC

CRYTHROCYTES AND LYM PHOCYTES FAILED TO I N I T I A T E  PHAGOCYTIC EVENTS IN THE

NODAL VESSELS, BUT IDENTICAL EXPERIMENTS EMPLOY I NG CELLS TREATED WIT H

SP E C I F I C  ALLO—A NT I BODIES RESULTED IN ENOOCYTOSIS OF BOTH WHOLE CELLS AND

CELLULAR FRAGMENTS BY THE REV CNDOTHEL fUN . WHEN COMB I NED , THESE RES ULTS

SUGGEST THAT HIGH ENDOTHELIAL CELLS ARE CAPABLE OF “NON—SPECIFIC

PHAGOCYTOSIS ’ AND THE HIGHLY SELECTIVE , SEGMENTAL PHAGOCYTOSIS DEPENDENT

UPON F-C AND C ’~ RECEPTORS WHICH SILVERSTEIN HAS DESCRIBED AS THE “ZIPPER ”

EFFECT. EXP (RI~~ENTS ARE IN PROGRESS TO EVALUATE THIS CONCE PT FURTHER USING

INDICATOR BACTERIA TO DETERM I NE WHETHER HEV CAN BE SHOWN TO DIS PLAY F-c AND

C ’
3 RECEPTORS ON THEIR LUM I NAL SURFACES.

THE MOST INTRIG UING POSSIBIL ITY RAISED BY THE PHAGOCYTIC

CAPACITY OF REV IS THAT THIS ENOOTHELIUM MAY REMOVE LIGANDS , A D S O R B E D
PROTE I NS OR IRRELEVANT ANT IGENS FROM LYMPHOCYTE SURFACES JUST BEFORE

THESE IMMUNOCOMPETENT CELLS ENTER THE NODAL MICROENVIRONMENT WHERE TIlE

CRITICAL SEQUENCE OF ANTIGEN PRESENTATION AND CELLULAR COLLABORATION OCCUR .

A SERIES OF ULTRASTRIJCTURAL STUDIES MADE IN COLLABORATION WITH MAJOR A. 0.
ANDERSON AND OR. JoHN WHITE AT USAMRIID ARE UNDERWAY EVALUATING THIS

HYPOTHESIS. IN THE IN i T I A L  EXPERIMENTS SYNGENEIC RAT THORACIC DUCT

LYMPHOCYTES WERE INCUBATED WITH PEROXIDASE -CONJUGATED RABBIT-ANTI-RAT

laG FOR 30 MINUTES AT 37°C. A~ SHOWN IN PROJECTS I AND 2, THIS RESULTED
IN SURFACE PATCHING AND CAPPING OF SOME 714% OF THE CELLS EXAMINED BY

ELECTRON MICROSCOPY. ALIQUOTS OF THESE CELLS WERE THLN WASHED AND TRANSFUSED

INTO NORMAL LEWIS RATS. THEIR A X I L L A R Y , SUBMAND I BULAR AND MESENTERIC

NODES WERC EXCISED 3— i20 MINUTES LATER AND PROCESSED FOR ELECTRON MICROSCOPY

US ING TIlE DIAM I NO DENZIDINE REACTION TO LOCALIZE THE PEROXIDASE A C T I V I T Y .

IN ALL OF THE NODES EXAM INED AT ,O-,20 MINUTES POST-INFUSION , NUMEROUS
LYMPHOCYTES DISPLAYING PATCHES AND CAPS OF ELECTRON—DENSE REACTION

PRODUC T ON THEIR SURFACES WERE FOUND IN THE LUMENS AND WALLS OF REV. As
111(51 CELLS (M I GRATED ACROSS THE VENULAR WALL , THE PEROXIDASE TRACER

MATERIAL APPEARED TO 01 STRIPPED FROM THEIR SURFACES BY FOCAL MEMBRANE

SEGMENTS OF ADJACENT ENDOTHCLIAL CELLS WHERE THE SUOPLASMALEMMAL

- - -~~~ - • -- —— - -~~~~~~~
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MICROFILAMENTS INVAG INAT ED THE MEMBRANE AND FORMED (N000YTIC VACUOLIS

CONTAINING REACTION PRODUCT . SINCE THESE EM I GRATING LYM PHOCYTES RETAINED

THEIR NORMAL ULTRASTRUCTURAL CHARACTERISTICS AND SHOWED NO SIGNS OF INJURY ,
THIS SELECTIVE PHAGOCYTOSIS APPEARED TO SELECTIVELY STRI P FOREIGN MATERIAL
FROM THEIR MEMBRANES (I.E. “SCRUBB I NG ”). THE SI M I L A R I T I E S  BETWEEN TH IS

SEQUENCE OF EVENTS AND THE SELECTIVE , SEGMENTAL PHAGOCYTOSIS DESCRIBED

IN MACROP IIAGES (SILVERSTCIN ET AL , i97 14—,976) IS QUITE STRIKING. HOWEVER ,
IT IS WIDELY RECOGNIZED THAT MANY CELLS ENOOCYTOSE HORSERADISH PEROXIDASE

NON— SPECIFICALLY SO FURTHER STUDIES WERE NECESSARY TO DETERMINE WHETHER

OTHER £LECTRON—D(NSF TRACERS COULD BE ENDOCYTOSED FROM LYMPHOCYTE SURFACES.

EX PERIMENTS US I NG FERRITIN— CONJUGATED ANT I IGG AS THE SURFACE LIGAND HAVE

SHOWN AN IDENTICAL SEQUENCE OF SELECTIVE STRIPPING OF FE R R I T I N  GRANULES

FROM THE OUTER MEMBRANES OF EM I GRATING LYMPHOCYTES BY ADJACENT H iGH

ENDOTHELIA I. CELLS , SO IT S((MS QUITE UNLIKELY THAT THIS PHENOMENON IS AN

ARTIFACT RESULTING FROM NON—S PECIF I C  ENDOCYT IC MECHANISMS .

THE PHYSIOLOGIC RELEVANCE OF “SCRUBBING ” MAY BE MORE DIFF ICULT

TO ESTABLIS H AS THE RESULTS DESCRIBED IN PROJECT I HAVE SHOW N THAT ANT I-

IMM IJNOGLOBUL IN—MEMBRANE COMPLEXES ARE RAPIDLY CLEARED BY SPONTANEOUS

SHEDD I NG IN VITRO WITHOUT REQU IRIN ( INTERACTIONS WITH ANOTHER CELL TYPE.

Wc ARE CURRENTLY ATTEMPT I NG TO RESOLVE THIS ISSUE IN ULTRASTRUCTURAL STUDIES

OF NODES FROM RATS INF USED WITH LYMPHOCYTES PRE INCUBATED I N  MORE STABLE

SURFACE LIGANDS (RUTHENIUM RED, ALCIAN BLUE AND CON A) AS DESCRIBED EAR L I E R .

Or PARTICULAR INTEREST HERE , ARE OUR PRELIMINARY OBSERVATIONS ON LYM PHOCYTES

COATED WITH FERRIT IN—CONJ UGATED CON A SINCE DATA PRESENTED IN PROJECT I

HAS SHOWN THAT THIS LIGAND IS SLOWLY CLEARED FROM CELL SURFACES IN VITRO.

A SIMILAR DELAYED CLEARANCE APPEARS TO HOLD FOR THESE CELLS IN V IVO AS WE

HAVE BEEN ABLE TO DEMONSTRATE NUMEROUS CON A BEAR I NG LYMPHOCYTES W I T H I N

REV LUMENS FOR SEVERAL HOURS POST-INFUSION. WHILE WE HAVE BEEN UNABLE TO

FIND CLEAR—CUT EXAMPLES OF SELECTIVE REM OVAL OF THIS TRACER THROUGH

ENDOCYTIC ACTIV ITY OF THE HIGH ENOOTHELIAL CELLS, THIS FAILURE APPEARS

TO RESULT FROM TIlE FAILURE OF MOST CON A TREATED LYMPHOCYTES TO ATTACH TO

REV SURFACES AND EM I GRATE ACROSS THE VENULAR WALL.

PROJECT 14. CYTOSKELETAL CONTROLS OF LYMPHOCYTE RECIRCULAT ION.

A) STUD I ES WITH CYTOCHALASIt~~. THE FUNGAL METABOL lIES
(CYTOCHALAS I NS) HAVE ATTRACTED A GREAT DEAL OF ATTENTION IN THE PAST

DECADE BECAUSE Of THEIR EFFECTS UPON MEMBRANE TRANSPORT AND MOTILE PROCESSES

IN CUKARYOTIC CELLS . AT RELATIVELY LOW CONCENTRATIONS , CYTOCHALASINS B,
0 AND E INHIBIT GLUCOSE , NUCLEOS IDE AND PURINE TRANSPORT. A r RELATIVELY

HIGH CONCENTRATIONS THESE AGENTS INHIBIT VARIOUS MOTILE PROCESSES INCL UDING

CELL LOCOMOTION, CYTOPLASMIC STREAMING , CYTOK I NESIS AND AXONAL GROWTH CONE

ACTIVITY. IN ATTEM PTS TO MINIMIZE THESE DIVERSE EFFECTS, WE HAVE UT ILIZED

CYTOCHALASIN A IN STUDIES OF LYMPHOCYTE TRAFFIC AS THIS M A T E R I A L  PURPORTEDLY

CAUSES LONGLASTINO SUPPRESSION OF CELLULAR MOTILITY , I T HOUT ALTERING

TRANSPORT MECHANISMS . THE RESULTS OF COMBINED RAOIOK I NCT IC , A UTORAD IOORA PHIC

AND MORPHOLOGIC STUDIES DESCRIBED IN OUR LAST ANNUAL PROGRESS REPORT

DEMONSTRATED THAT IN V ITRO EXPOSURE Of RAT THORACIC DUCT LYMPHOCYTES

TO CYTOCHALASIN A AT CONCENTRATIONS OF b-I0 UG 1 ML CAUSED MICROFILAMENT

A G G R E G A T I O N , LOSS OF MICROV ILLI AND COMPLETE SUPPRESSION OF CELLULAR

MOTILITY WHICH PERSISTED FOR SEVERAL HOURS AFTER TNt CELLS WERE REMOVED

FROM THE CYTOCHALASIN SOLUTION . UPON TRANSFUSION INTO SYNGENEIC RECIPIENTS,

THE TREATED LYMPHOCYTES ADHERED SELECTIVELY TO REV SURFACES , BUT T HE I R
SUBSEQUENT MOVEMENT ACROSS THE VENULAR WALL INTO THE NODES WAS MARKEDLY

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _
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DELAYED. SINCE THESE OBSERVATIONS PROVIDED THE FIRST EXPERIMENTAL EVIDENCE
THAT LYMPHOCYTE ENTRY I NTO PERIPHERAL NODES CAN BE SEPARATED INTO AN

ATTACHMENT PHASE MEDIATED BY SELECTIVE MEMBRANE INTERACTIONS WHIC H IS
FOLLOWED BY ACTIVE MIGRATION OF MOTILE l YMPHOCYTES ACROSS REV WALLS , WE
HAVE UNDERTAKEN FURTHER STUDY or THIS PHENOMENON.

Dost RESPONSE STUDIES SUMMARIZED IN TABLE 9 SHOWED THAT THE
4 V I A B I L I T Y  OF RAT THORACIC DUCT LYMPHOCYTES WAS UNALTERED BY INCUBATION

• WIT H CYTOCHALASIN A AT CONCENTRATIONS RANG I NG FROM 0.2 TO iO UG/t4L FOR
HOUR AT 370C . WHEN TUE MOTILITY OF NORMAL LYMPHOCYTES WAS ASSAYED IN

4 MODIFIED NELSON PLATES , A MEAN NUMBER OF 91 CELLS WERE SEEN MIGRATING

BENEAT H THE AGAROSE WIT H I N  A 66 ~ WIDE STRIP CONNECTING THE CENTERS OF THE

INNER—MIDDLE AND OUTER WELLS AFTER 12 HOURS OF INCUBATION. DIRECT

MEAS UREMENTS SHOWED THAT RANDOMLY MIGRAT I NG CELLS WITHIN THIS POPULATION

SAMPLE HAD COVERED A MEAN LINEAR DISTANCE OF 14o U, WHILE LYMPHOCYTES

EX HIBITING DIR(CTIONAL MIGRATION TOWARDS (NDOTOXIN ACTIVATED SERUM MOVED

A MEAN DISTANCE OF 186 U. CELLS TREATED WIT H 0.2 pG/ML OF CYTOC HALASIN A
D ISPLAYED VIRTUALLY IDENTICAL PATTERNS OF MOVEMENT IN THE SAME ASSAY

SYSTEM. PRE— INC IJBAT ION OF THE LYMPHOCYTE POPULATIONS WITH CYTOCHALASIN A
AT DOSAGES RAN GING FROM 2— 14 ))G , ML RES ULTED IN A PROGRESSIVE DECLINE IN THE
TOTAL NUMBER OF MIGRATORY CELLS AND TH E MEAN DISTANCE MIGRATED. TREATMENT

W I T H  C Y T O C H A L A S I N  A AT CONCENTRATIONS OF 6 OR MORE UG/ML COMPLETELY

SUPPR(SSED BOTH RANDOM AND DIRECTIONAL LYMPHOCYTE M I G R A T I O N  FOR AT LEAST

,2 HOURS IN THIS ASSAY SYSTEM. ATTEMPTS TO CORRELATE THIS ALTERED M O T I L I T Y

W ITH ULTRA STRUCTIJRAL CHANGES DEFINED BY SCANN I NG AND TRANSMISSION ELECTRON

MICROSCOPY ARE ALSO SHOW N IN TABLE 9. IN BRIEF SUMMARY , THESE STUDIES

DEMONSTRATED PROGRESSIVE AGGREGATION Of THE SUSPLASMALEMNAL MICROFILAMENT

NETWORK INTO IRREGULAR CLUMPS AS THE DOSE OF CYTOCHALASIN A WAS INCREASED

FROM 0.2 TO 6 pG/MI. IHIS WAS PARALLELED BY LOSS Of M ICROVIL L I (AT 2-14 VS/ MI)
YIELDING CELLS W ITH A SMOOTH , SWOLLEN APPEARANCE INTERSPERSED W ITH ZEOTIC

BLESS (6-8 uG/ML). As THESE SEQUENTIAL , DOSE—RELATED CHANGES COULD ALL BE

CXPLAINED BY NUGRESSIVE FOCAL AGGREGAT ION OF THE M CROFILAM (NTS WITH

CONCOMITANT SEPARATION OF SOME FILAMENTS FROM INTERVEN ING SEGMENTS OF THE

I NNER MEMBRANE , THESF OBSERVAT IONS PROVIDE FURTHER SUPPORT FOR POSTULATES

THAT THE CYTOCUALASINS DISRUPT CELLULAR MOTILITY BY COMBINING WITH HIGH

AFFINITY RECEPTORS ON ACTIN BIND I NG PROTEINS TO AGGREGATE THIN FILAMENTS.

PREVIO US SUGGESTIONS THAT CYTOCHALASIN A MIGHT I N tiIBIY MOTILE PROCESSES

B((AUS ( OF A UNIQUE ABILITY TO CROSS—LINK SULFH~~~YL GROUPS ON THE MIM URANE

NO LONGER SEEM TENABLE IN LIGHT OF RECENT EVIDENCE THAT THIS CROSS-LINKAGE

CANNOT OCCUR UNDER PHYSIOLOGIC CONDITIONS (STA USSEL CT AL , 1976).

THE RELEVANCE OF THESE DOSE—DEPENDENT CHANGE S TO IN V IVO

LYMPHOCYTE TRAFFIC KINETICS HAS BEEN ESTABLIS HED IN A SERIES OF

RAD IOK INET IC STUDIES USING 3H—URIDINE LABELED LYMP HOCYTES AS DESCRIBED

IN PREVIOUS SECTIONS . THE RESULTS SHOWN IN TABLE 10 SHOW THAT PRE-

• INCUBATION OF RADIOLABELED LYMPHOCYTES W ITH CYTOCHAL eAIN AT CONCENTRATIONS

R A N G I N G  FROM 14 TO tO  )JG/ML ALMOST TOTALLY SUPPRESSED THE ENTRY OF THESE

CELLS INTO PERIP HERAL LYMPH NODES, AND THIS EFFECT PERSISTED UP TO 214 HOURS
AFTER THE CELLS HAD BEEN REMOVED FROM THE CYTOCHALASIN SOLUTION .

SIMILARLY , CELLS EXPOSED TO 2 LIG/ML DEMONSTRATED A 14o-5o% REDUCTION IN

THEIR TRAFFIC THROUGH LYMPHOID ORGANS AFTER TRANSFUSION INTO NORMAL Liw is

RECIPIENTS. SINCE THIS DRUG TREATMENT DID NOT YIELD INCREASED HE PATIC

UPTAKE OF THE RADIOLABEL OR ALTER CELL VI A B I L I T Y  BY DYE EXCLUS I ON CRI T E R I A ,

IT SEEMED UNLIKELY THAT THESE TRAFFIC CHANGES COULD 01 ATTR I BUTED TO DIRECT

CYTOTOXICITY OF CYTOC UALASIN A. FURTHER , WHEN THESE RESULTS WERE COMPARED

L~ _



WITH THE DATA IN TABLE 9, THERE WAS A CLOSE CORRELATION BETWEEN THE DOSES
REQUIRED TO INHIBIT LYMPHOCYTE MIGRATION IN VITRO AND THOSE CAUS I NG

• C OMPLETE SUPPRESSION OF LYMPHOCYTE RECIRCULAT ION IN

CA UTION MUST BE TAKEN BEFORE GENERALIZING THE ABOVE FINDINGS
TO ALL OF THE VARIOUS CYTOC HALASIN SUBTYPES. RESULTS PRESENTED IN TABLE II
DEMONSTRATE THAT LYMPHOCYTES EXPOSED TO CYTOCHALASIN B AT 10 US/MI EXHIBITED
A 50-70% REOUCT ION IN THEIR ABILITY TO RECIRCULATE THROUGH LYMPHOID ORGANS

AFTER TRANSFUSIO N INTO NORMAL RATS. THIS OBSERVATION WAS UNEXPECTED SINCE
MOST PUBLISHED REPORTS HAVE FOUND THAT THE MICROFI LAM ENT AGGREGATION INDUCED

• BY CYTOCHALASIN B WAS FULLY REVERSIBLE WHEN THE CELLS WERE WASHED FREE OF
THE DRUG. WHILE IT IS POSSIBLE THAT IN VITRO TRAFFIC KINETIC S MAY PROVIDE

A MORE DEMAND I NG BIOLOGICAL TEST FOR ASSAYING RESIDUAL MICROFILAMENTOUS DAMAGE ,
EACH OF THE RECIPIENTS INFUSED W ITH THESE TREATED CELLS SHOWED M EPAT IC

UPTAKE OF RAD I OACTIVITY AT LEVELS 2—3x THAT SEEN USING CYTOCHALASIN A. As
CYTOC HALASIN B IS ALSO KNOWN TO DISRUPT MEMBRANE TRANSPORT FUNCTIONS IT IS

L IKELY THAT THE IMPAIRED LYMPHOCYTE TRAFFIC PRODUCED BY THIS AGENT HAY

RESULT FROM CELL DAMAGE UNRELATED TO THE MICROFILAM ENT SYSTEM .

COMBINED AUTORADIO GRAPHIC AND ULTRASTRUCTURAL STUDIES DESCRIBED

I N OUR LAST ANNUAL PROGRESS REPORT DEMONSTRATED THAT CYTOCHALASIN A
TREATED LYMPHOCYTES COULD ATTACH TO REV SURFACES , BUT THEIR SUBSEQUENT
EMIGRAT I ON ACROSS THE VENULAR WALL WAS IMPAIRED SO THAT MANY OF THESE

VCNULCS APPEARED TO BE LINED BY A MONOLAYER OF ALTERED LYMPHOCYTES. FURTHER

ANALYSIS OF THIS PHENOMC,OIBV TRANSMISSION ELECTRON MICROSCOPY HAS SHOWN

THAT CYTOCHALASIN A TREATED LYMPHOCYTES ATTACH TO REV THROUGH FOCAL
MEMBRANE SEGMENTS MEASUR I NG 3000°A IN DIAMETER WHICH WERE ALWAYS SITUATED

DIRECTLY OVER LARGE AGGREGATES OF SUOPLASMALEMMAL MICROFILAMENTS. BENEATH

INTERVENI NG SEGMENTS OF THE MEMBRANE, THE THIN FILAMENT NETWORK WAS EITHER

ABSENT OR ATTENUATED. WHEN THESE CELLS MOVED ACROSS THE REV WALL , THEIR
CYTOPLASMIC MICROFILAMENTS APPEARED TO BE RETRACTED FROM THE USUAL SUB

MEMBRANOUS LOCATION AND CONCENTRATED WITHIN ECCENTRIC BUNDLES IN THE

CONSTRICTION ZONE . SUCH FIND I NGS SUGGEST THAT “RECEPTORS ” REQUIRED FOR

SURFACE ATTACHMENT MAY BE LINKED TO THE MICROFILAMENTOUS NETWORK AND

CONCENTRATE INTO FOCAL PATCHES AS CYTOCHALASIN A I NDUCED THEIR THIN

FILAMENTS TO AGGREGATE . WHEN THE CELLS LOCOMOTE , SOME OF THESE DAMAGED

THIN FILAMENTS MAY SEPARATE FROM THEIR PERIP HERAL ATTACHMENTS AND RETRACT

INTO ASYMMETRIC BUNDLES AT SITES WHERE MEMBRANE ANCHORAGE IS MA I NTA I NED

W iTHIN THE CONSTRICTION ZONE . WHILE CONFIRMATION OF TIllS HYPOTHESIS BY

OTHER TEC HNIQUES IS NEEDED, SUCH STRUCTURAL CHANGES CERTAINLY SEEM TO

PROVIDE A PLAUS I BLE EXPLANATION FOR THE DELAYED MOVEMENTOF CYTOCHALASIN A
TREATED LYMPHOCYTES ACROSS VENULAR WALLS . IN ADDIT ION , THESE ULTRASTRUCTURAL

STUDIES HAVE SHOWN THAT BOTH EXTRACELLULAR AND SURFACE DEBRIS WERE STRIPPED

FROM THE MEMBRANES OF THE TREATED LYMPHOCYTES AND ENDOCYTOSED BY SELECTIVE,

SEGMENTAL PHAGOCYTIC ACTIVITY OF THE ADJACENT ENDOT HELIAL CE LLS . THESE

OBSERVATIONS APPEAR TO PROV I DE FURTHER S~JPPORT FOR THC 
“SCR UBBING ” CONCEPT

DESCR I BED IN PROJECT 2.

B) STUDIES WITH COLCHICINE . Wt HAVE COMPLETED A SERIES OF

EXPERIMENTS ATTEMPT I NG TO DEFINE THE ROLE OF THE CYTOSKELETON IN REGULATING

LYMP HOCYTE REC IRC IJLATION US I NG PHARMACOLOGIC TREATMENT W I T H  COL CHIC IN E TO

DISRUPT THE LABILE M ICROT UBULAR NETWORK . IN VITRO STUDIES DEMONSTRATED

THAT RAT THORACI~~ DUCT L~ MPHOCYTCS iNCUBATED IN COLCH IC IN E AT CONCENTRATIONS

RANGING FROM I0’ TO IO~~ 4 FOR TIME INTERVALS RANGING FROM —214 HOURS
REMA I NED VIABLE BY DYE EXCLUSION CRIT IRIA UNTIL THE DRUG DOSAGE EXCEEDED
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IO JM . MEASUREMENTS OF LYMPHOCYTE MOTILITY BY PHASE MICROSCOPY AND
MIGRATION UNDER ASAROSE INDICATED THAT THESE CELLS DISPLAYED NORMAL PATTERNS
Of LOCOMOTION UNTIL TOXIC DRUG LEVELS OF 10—3M COLCN ICIN E WERE EMPLOYED
(TABLE 12 ) .  WHEN THESE COLCH ICIN (—TM(ATCD CELLS WERE EXAM I NE D BY SCANNING
ELECTRON MICROSCOPY , THEY DISPLAYED PERFECTLY NORMAL SURFACE COHFORMAT ION
WITH MULTIPLE V ILLUS PROJECTIONS . WHILE WE NAVE THUS FAR BEEN UNABLE TO

CONSISTENTLY DEMONSTRATE AGGREGATED OR DISSOCIATED MICROTUBULES IN THESE

CELLS BY TRANS MISSION ELECTRON MICROSCOPY , THIS CAN PROBABLY BC ATTRIBUTE D

TO THE FACT THAT RAT THORACIC DUCT LYMPHOCYTES POSSESS a SCANT MICROTUBULAR

NCTWORK WHIC H IS LARGELY OBSCURED BY CYTOPLASMIC RIBOSOMES MAKING IT

DIFFIC ULT TO DEMONSTRATE THESE STRUCTURES EVEN WHEN SECTIONS ARC OBTAINED

THROUGH THE CENTRIOLE OF NORMAL CELLS. CERTAINLY , THE IN H I B I T I O N  OF

MICROTUBULAR ASSEMBLY BY COLCHIC INC HAS BEEN SUBSTANTIATED IN MOST OTHER

CELL TYPES AND HAS BEEN GENERALLY ACCEPTED AS THE TYPICAL STRUCTURAL

CHANGE I NDUCED BY THIS DRUG. DESPITE THIS , OUR IN I T I A L  SURVEY ON THE

IN V IVO TRAFFIC OF RADIOLAOELCD LYM PHOCYTES PRE—I N CUBATE D W I T H  COLCHIC IN (

SHOWED A NORMAL PATTERN OF ORGAN UPTAKE OF THESE CELLS AT 214 HOURS WHICH
WAS ALTERED ONLY BY HIG H DRUG CONCENTRATIONS KNOW N TO CAUSE DIRECT CYT OTO X ICITY

(TABLE 12). HOWEVER , WHEN THE RECIRCULATION OF THESE DRUG TREATED CELLS

WAS ANALYZED IN MORE DETAIL BY MONITORING THE ORGAN DISTRIBUTION OF

R A D I O A C T I V I T Y  AT EARLIER TIME INTERVALS (TABLE 13), THE RESULTS DEMONSTRATED

THAT NON—TOXIC DOSAGES OF COL~~HIC IN C AT THE CONCENTRATIONS KNOWN TO O ISR UIT

THE M ICROTUBULAR NETWORK (10 w - I0 6M) CAUSED A 50-bO% REDUCTION IN THE

ACC UMULAT ION OF THE RADIOLAB ELED LYMPHOCYTES IN LYMPHATIC TISSUES WHICH

PERSISTED FOR 8—12 HOURS. SINCE THIS WAS A TRANSIENT EFFECT WHICH CLEARED

COMPLETELY W I T H I N  214 HOURS WITHOUT BEING PARALLELED BY INCREASED HEPATIC

RAD IO A C T I V I T Y , THESE FIND I NGS APPEARED TO BC ENTIRELY CONSISTENT WIT H

• COLCHICINE EFFECTS UION MICROTUBULES WHICH ARE KNOW N TO BE FULLY REVERS IBLE

WIT H TIME . THIS CONCEPT HAS BEEN SUPPORTED D IRECTLY IN A SERIES OF SIM I L A R

EXPERIMENTS US I NG LUMIC O LC HI C INE— A COLCH IC IN C ANALOGUE WHICH PURPORTEDLY

POSSESSES ALL OF THE PHARMACOLOGIC A C T I V I T I E S  OF THE PARENT DRUG EXCEPT

MICROTUBULAR TOX ICITY. DATA PRESENTED IN TABLE i14 DEMONSTRATES THAT
RADIOLABELCO LYMPHOCYTES PRE—INC UDATED WITH ,o—~ — IO 5M L .UM ICOLCH ICIN (

DISPLAYED PERFECTLY NORMAL PATTERNS OF ACCUMULATION WIT HIN LYMPHOID ORGANS

OVER TIME INTERVALS RANGING FROM TO 214 HOURS AFTER TRANSFUSION INTO NORMAL

RECIPIENTS. SUCH OBSERVATIONS PROVIDE THE BEST MEANS CURRENTLY A V A I L A B L E

FOR PROV I NG THAT AN INTACT MICROTUBULAR NETWORK IS ESSENTIAL FOR M A I N T A I N I N G

NORMAL PATTERNS OF LYMPHOCYTE RECIRCULAT ION IN V IVO. THE PRECISE FUNCTIONS

OF THE MICROTUOULCS IN THiS PROCESS ARE STILL UNCERTAIN SINCE THERE APPEARS

TO BE GENERAL AGREEMENT THAT MOST CELLS CONTINUE TO DISPLAY NORMAL PATTERNS

OF LOCOMOT ION AND CHEMOTACTIC RESPONSES IN VITRO AFTER COLCHIC INE TREATMENT .

HOWEVER , SEQUENTIAL AUTORAO I OGRAPH IC STUDIES ANALYZING THE RELATIVE RATES

OF ENTRY , REDISTRIBUTION AND TRANSIT OF COLCH IC IN (—TRCATED LYMPHOCYTES

THROUGH LYMPH NODES IN V IVO , INDICATED THAT THIS CELL POPULAT I ON WAS

DEFICIENT III ITS ABILITY TO ATTACH UPON REV SURFACES , BUT THE FEW REMAINING

CELLS WHICH COULD ENGAGE REV CONT I NUED TO MIGRATE TP,’OUGH THE NODE IN A

NORMAL MANNER (TABLE 15). A GA IN~ THIS EFFECT APPEARED TO BE TRANSIENT

AND AT LATER TIME INTERVALS (8—214 HOURS POST-DRUG TREATMCNT ) TIlt INFUSED

CELLS SHOWED NORMAL DISTR I BUTION PATTERNS IN THE LYMPHOID ORGANS . WHEN

COMBINED WITH THE RESULTS DESCRIBED EARLIER , THESE FIND I NGS SUGGEST THAT

THE MICROTUBULAR NETWORK MAY PLAY A CRITICAL ROLE IN ANCHORING RECE PTORS

OR STABILIZING MEMBRANE SEGMENTS NECESSARY FOR THE SUCCESSFUL ATTACHMENT OF

LYMPHOCYTES TO REV SURFACES.

AD SITIONAL EXPERIMENTS HAVE BEEN MADE TO DETERM I NE WHETHER

SI MILAR EFFECTS COULD BE PRODUCED WHEN THE HOSTS WERE THEA TED W I T H  COLCH IC IN (.

______________  _ _ _
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RCSULTS O (SCR.SCD IN GUI PREVIOUS ANNUAL PROGRESS REPORT HAV E SHOWN THA I
RATS IN J ELT E D IWT RAP (R ITOP,LA LLY WITH I MG,~~~. COLCUIC IN( DISPLAY E D A M I L D

L YMI HOCYTOSIS IN THE PE .1IPHIRAL BLOOD WHICH WAS PARALL ELED ISV AN ABRUPT
FALL IN TwE NUMBERS OF LYMPHOCYTES ATTACHED TO REV AND a .RADUAt. DECLIN E
IN THE HOURLY OUT~~I t OF YM ORACIC DUCT LYMPHOCYTES WHICH COMB INE D 10 I RODUCL
NIel)AL HYt~~aCLL I L A N I T Y .  aN TIlE ATTEMPT TO DETERM I NI WHETHER 114(51 ALT ERE D
I RAF F I I. K I N E T I C S  WT~.IJ L 1IO FROIl SYST (MII. DRUG TO X I C I T Y  OR DIRECT IIF(CIS

• uPON TIlL R (C IR C U LA T I N ~. LYMPHOCYTES , WE COLLECTED TIIORAC IC DUCT LYMPHOCYTES

çROM C .)&CWI IN1-T*(aY(D AND CONTROL RATS. A FTER LABEL ING IN VITRO W I T H
)H-UR IDINL , BOTH GR OUPS OF CELLS WERE TRANSFUSED ITAC K INTO SYWGEN (I (

RECIPIENTS AND THE IR TRAFFIC KINETICS COMPARE D BY WHOLE ORGAN COUNTING .

• P S ULTS SHOWN IN TABLE It~ CLEANLY IND ICATED THAT TIlt A B I L I T Y  OF THE

L YMPHOCYTE OBTAINE D FROM COLCMI C INC-TREAT ED RATS TO HON( • 
INTO P (RIPHEMA (

LYMPH MODES WA~ MARk(DL~ RED UCED (20—2 ’~% OF THE CIVIL SEEN W I T H  CONTROL

CELLS). As BOTH .ROI~ I~~ OF CELLS DISPLA YE D NORMAL V I A B I L I T Y  o~ DY~ I X C I I • I ~~’N

C R I T E R I A , THIS DIFFE RENCE PROBABLY REFLECTS NON LEIHAL . PHARMACOLO GIC

A L T E R A T I ONS INDUCED BY COLCH IC INC EFFECTS IN THE HOST. HOWEVER . WE DO NOT

‘~(T HAVE AN a(~(U~~aTE 1 X I L A N A T  ION AS TO WHY THESE CHANGE S APPEAR TO PtR5 I~~1

FOR MORE THAN •~~1 HOuR S IN CONTRAST TO THE SHORT TERM , FULLY REVERSI BLE

A l T E R A T IO N S  INDUCED BY T R E A T I N ~; LYMPHOCYTES W I T H  COLCHIC INC IN V I T R ¼ .~

Da ia FROM COMPLEMENTARY 1~~PCRIMCNTS ANAL Y.’IN~. THE TRAF F IC ~~
NORMAL RA D IOLABE L E D LYMPHOCYTES AFTER THEIR INFUSION INTO RECIPIENTS

THEATE D WITH COLCHIC IN ( ARE SHOWN IN TABLE 17 . Tut RESLILTS DEMONSTRATE

THA T T HE IN TRA PER ITON EA L INJECTIO N OF COLCN IC INC AT HOUR BEFORE AND ~~‘ HO~IR6

A rTER INTRAVENOUS INFUS ION WITH 3H—UIIIDINE LABELED CELLS ALMOST TOTALLY

SUPPRESSED THE NODA L & ‘~~TA RF OF RAD I OACTIVITY FOR I N T E R V A L S  EXTEND I NG UP TO

• HOURS. FURTHER , THESE ALT ERAT I ONS WERE DOSE DIlENDEPIT WITH I M~ KG

CA US I NG AN ~5% D(.I~(ASE IN NODAL RADIOACT I V I T Y  WHILE 0.1 M .~ K.~. INDUCED LESS

THAN 50% SUPPRESS ION. SINCE RESULTS DESCRIBED IN 01114 LAST PROGRESS REPOR T

ILLUSTRATED THAT A SINGLE INJECTION WIT H COICHICINE — •~ HOURS BEFORE CELL

INFUSION INHIBITED LYMPHOCYTE TRAFFIC FOR 6—8 HOURS WHICH WAS FOLLOWED 14V

COMPLETE RECOVERY OF NORMAL RCCIRCULATION PATTERNS BETWEEN S—2 14 HOURS ,
THESE CHANGES ALSO APPEAR TO BE REVERSIBLE UNlESS RECOVERY IS BLOCKED BY A

SECOND DRUG INJECTION . SINCE PHARMOK I NETICS STUDIES BY OTHER INVESTIGATORS

HAVE SHOWN THA T COLCH ICINE IS RAPIDLY CLEARED FROM THE BLOOD BUT HIGH TISSUE

LEVELS ARC ACH IEVED IN THE SPLEEN AND LYMPH WOOlS, IT IS POSSIBLE THAT THE

TRA rF IC CHANGES DESCRIBED ABOV E MAY REPRESENT THE IN V IVO CORRELATE UI THI

LYM PHOCYTE M ICROTuBULAR CHANGES I NDUCED BY IN VITRO DRUG C*POSLIRE . HOWI VIR ,

• TWO LINES OF EVIDENCE ARGUE AGAINST THIS SIMPLISTIC LX~~LANA T ION. FIRST , THE

M A X I MAL BLOOD AND TISSUE LEVELS ACHIEVED BY T~~
EA T ING RATS WIT H I - O .i M~.

COLC HIC INC ARE CONS I DERABLY LESS THAN THE 1 0M  — IO~~*~I CONCCP4TRAT lOX’ R E Q U I R E D

TO ALTER LYM PHOCYTE TR A F F I C  BY IN VITRO INCLIBAT ION . SECOND , RECENT 51 1 0 1 1 5

HAVE SHOWN THAT PROL ON~.INi ~ THE INTERVAL BETWEEN COLCH IC INC INJCC T I ON AND L E L L

INF USION OUT TO ~~-
‘
~ NOUNS STILL RESULTS IN IMPAIRED TRAFFIC THROLIGH LYMI’IlA TI~

TISS UES DESPITE A FALL IN THE BLOOD CQLCNIC INC LEVEL 1 V I R T U A L L Y  LINOI1LCT A EILL

VALUES WHEN TIlE RADIDLABELCD LYMPHOCYTES WERE INTRODUCED INTO THE C I R C U L A T I O N .

SUCH OBSERVATIONS SUGGEST THAT COIC H ICIN E CAN ALTER CCLt .L’LAR TRAFF IC IN V IV O

• 
BY MECHANISMS OTHER THAN CAUS I NG MICROTUBULAR LESIONS IN LYMPIIOC,TES . THIS

CONCE PT IS SUPPORTED BY OUR RECENT ULTRASTRUCTURAL OBSERVATIONS T h A t  L O t . 1H I L INI

DOSA GES AT t .0 - 0.1 MG P~. CAUSED A MARKED DCC*CAS ( IN BOTH THE NUMBER AND THE

PERIP HERAL DISTRIBUTION OF THE MICROTUBLILES W I T H I N  HIGH ENOOTH ELIAL CELLS.

Or PARTICULAR INTEREST , IS OUR DEMONSTRATION THA I MICROTUBULAR NE TWORKS IN

THESE CELLS LOSE T H E I R  USUAL RADIATING PATTERN FROM THE GOLGI OUT TO TIll

• MEMBRANE AND BECOME CONCENTRATED WIT HIN I RREGULAR CLUMPS NEAR THE CINTRIOLE.
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tr THESE TUBULES NORMALLY CONTRIBUTE IN STABILI ZING THE OUTER MEMBRANE , IT
SEEMS QUITE PLAUSIBLE THAT SUCH CHANGE S COULD IMPAIR SURFACE INTERACTIONS
WITH LYMPHOCYTES. SINCE DATA SUMMARIZED ABOVE AND IN OUR LAST PROGRESS REPORT

INDICATES THAT THE BLOCK OF LYMPHOCYTE RECIRCULATION IN CO LCH IC IN E— TREA TE D

RATS RESULTS FROM THE FAILURE  OF BLOOD—BORNE LYMPHOCYTES TO ATTACH UPON

14EV SURFACES , THIS STRUCT URAL AL TERATION IN THE EN DOTHELIAL CCL I. MICROT IJI4U IAR

NET WORX IS I’AR T ICU LA RIY INTEREST ING . FURTHER TEST INL. OF THI5 HYPOTHESIS IS
NOW IN PROGRESS EM I L O Y I N~; OTHER PHARMACO L OGIC AGENTS WHICH SHARE THE COMMON

CA PA C I T Y  TO O ISRL ’h T THE CYTOSKELETON (VINCA A LKVLOI O S AND TOPICAL ANESTHETICS).

PR (LI ’IINARY OBSERVATION S WIT tI VINCR ISTINE (TABLE I~~) INDICATE THAT R E L A T I V E L Y

HI~~~ oOSt~; OF TH IS DRUG (I0~~ — I0~~M) CAN ALSO SUPPRESS LYMPHOCYTE TRAFFIC

I N  V I V O , AND IF THESE FINDINGS ARE SUPPORTED BY FUT URE STUDIES THERE W I L L  BE

STRONG CI R C UMSTANTIAL EVIDENCE THAT THE SURFACE INTERACTIONS REQUIRED FOR
“HOM I NG ” ARE DEPENDENT UPON CYTOSKELETAL INTEGRITY IN BOTH THE LYMPHOCYTES AND

Ti’IE (NOOTH(LIAL CELLS . SINCE THERE ARE A WIDE V A R I E T Y  OF AGENTS WHICH CAN

INFL UENCE THESE CYTOPLASMIC STRUCTURES , THESE RES ULTS MAY REVEAL ENTIRELY NEW

MEA NS FOR PHARMACOLOGIC M A N I P U L A T I O N  OF IMMUNE RESPONSES IN V IV O .

PROJECT 5. STUDIES OF LYIIPHOCYTE CHLMOTAXIS .

RESULTS DESCRIBED IN OUR LAST ANN UAL PROGRESS REPORT HAVE SHOW N

TH AT MODIFICATIONS OF THE IN VITRO TECHNIQUES DESCRIBED Eli NELSON CT AL (197’))

CAN BE SUCCESSFULLY USED TO DEMONSTRATE BOTH RANDOM AND DIRECTIONAL M I G R A T I O N

OF LYM PHOCYTES UNDER A GAROSE IN A 3—CHAMB ER SYSTEM DEVOID OF EXTRANEOUS SERUM

PRODUCTS WHIC H PROVIDES STR I NGENT CRI T E R I A  FOR STUDYING CIIEMOTAXIS. EACH

PLATE WAS EXAM I NED BY LIG HT MICROSCOPY TO DETERM I NE THE MORPHOLOGY OF THE

MIGRATIN G CELLS AND AN OCULAR GRID SYSTEM WAS EMPLOYED TO MEASURE DISTANCES

THE CELLS HAD MIGRATED FROM THE EDGE OF THE CENTER WELL. THE NUMBER OF

M IGRATING CELLS AND THE DISTANCES THEY HAD MOVED ALONG A LINE CONNECTING THE

CENTERS OF ALL 3 WELLS WAS COUNTED AND PLOTTED BY THE STEM-LEAF METHOD TO

PROVIDE ESTIMATES OF BOTH RANDOM AND DIRECTIONAL M I G R A T I O N  FOR A LARG E POPULATIGI

SAMPLE. MEASUREMENT OF THE MEAN LINEAR DISTANCE COVERED BY THE FARTHEST 10
CELLS MIGRATING FROM THE CENTER WELL TOWARDS THE CHEMOTACTIC FACTOR (A)  AND

THAT FOUND FOR SI MILAR CELLS ON THE OPPOSITE SIDE F A C I N G  CONTROL SOLUTIONS (8)
WERE ALSO USED TO SCORE THE CHEMOTACTIC INDEX (A , B) AND THE CHEM OTACTIC

DIFFERENTIAL (A—B) DEFINED BY NELSON.

STUDIES COMPARING RANDOM AND DIRECTIONAL MIGRATION RESPONSES OF

THE MIXED CELL ULAR POPULATIONS PRESENT IN THORACIC DUCT LYMPH TO ENOOTOXIN

ACTIVATED SER UM (EAs ) IN THE OUTER WELL (A) AND NORMAL RAT SERUM IN THE

INNER WELL (B) ARC SHOWN IN TABLE 19. THE RESULTS DEMONSTRATED THAT BOTH

GRANULOCYTES AND MACROP HAGES RAPIDLY MI GRATED OUT FROM THE CENTER WELL DURING

THE I N I T I A L  2—7 HOURS OF INCUBATION. FURTHER , BOTH CELL TYPES CONSISTENTL Y

SHOWED GREATER MOVEMENT TOWARDS WELLS CONTAINING (AS THAN WAS SEEN ON THE

OPPOSITE SIDE FACING CONTROL SERA. THIS APPEARED TO REFLECT TRUE CHEMOTACTI E.

RES PONSES AND NOT THE NON—SPECIFIC STIMULATION OF RAE~~OM CELLULAR LOCOMOT I ON

AS THE ADDITION OF PROGRESSIVE DILUTIONS OF (AS INTO THE CENTER WELL AT THE

START OF EAC H RUN EITHER TOTALLY SUPPRESSED OR MARKEDLY DECREASED OUTWARD

CELL ULAR M IGRATION . THE SMALL LYMPHOCYTES RESIDING WITHIN THORACIC DUCT LYMPH

EXHIB ITED MORE DELAYED AND SLOWER PATTERNS OF MIGRATION , BUT AFTER I2— I~~ HOURS
OF CULTURE THESE CELLS SHOWED CLEAR EVIDENCE OF DIRECTIONAL MOVEMENT (MEAN

CHEMOTACTIC INDEX OF 14.3 AND A MEAN CHEMOTACTIC DIFFERENTIAL OF 132 MICRONS )
WITH A DEFINITE SHIFT IN THE POPULATION DISTR I BUTION CURVE TOWARDS THE (AS-
CONTAINING WELL. SINCE THIS RESPONSE WAS ABLATED BY M I X I N G  (AS WIT H  LYMPHOCYTES

IN THE CENTER WELL , IT A PPEARED TO REPRESENT TRUE CHEMOTA XIS (NOT CHEMOK I NESIS).

BECA USE OF REPORTS INDICATING THAT THE EXPRESSION OF SURFACE RECEPTORS CAN
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VAR Y SCVWCCN LYMPHOCYTES IN DIFFERENT STAGES OF NA T I J R A T I IN, ADD ITIO NA L
E XPEHIMENTS WERE MADE TO ANA LYZE THE CP4(MOTACYIC RESPONSES or LYNI’HOCYT (5

TRANSFOR MED INTO THE “BLAST CELL ” STATE BY MITOGEN S T I M U L A T IO N . IN ONE
SERIES OF STUDIES , BOTH NAT SPLECN CELLS AND THO R A C I C  DU~~T LYMPHOCYTE’ WIRE
CULTURED WITH I UG~ ME. or CONCANAVALI N A (A SELECTIVE T-Ct( L M ITOGEN ). AT

HOURS , DIRECT CELL COUNTS AND HISTOLOGICA L E X A M I N A T I O N  OF STAIN E D ~M IA I1 c

SHOWED THAT V I R T UA L L Y  ALL (~~ — 9~l~ ) OF THE SURVIVIN G ‘I1L ~. OISPLA VI D MOR PIICILOGI1

CH A RACT E RISTICS TYP ICAL UI BLAST CELLS . WHEN THESE I-BLASTS WERE I’( &~~IU INTO

THE CENTER WELL S OF THE AGAROSE PLATES , THEY E*H I~ I ITED E A R L Y  AND R A O I ( I  HI ,,RATI & )N

W I T ~. MAN Y CELLS COV E R IN~ SEVERAL HUMORED MICRONS UI I NEAR D I S TA N C E  WII ..IN

3—14 HOURS. ASSAY OF THE RESPONSE OF THESE CELLS TO [AS SHOWED A DRA M A T I C

SH IFT IN THE POPULATION DISTRIBUTION CURVE TOWARDS THE A W ELL W I t H  A CHENOTAC T I~

I N U t ~~ UP 1. 4 AND A MEAN (HEMOTACTIC DIFFERENT IAL OF I I ~~O M ICRONS . [Qi’ALL ~
INT E REST IN~. WAS THE FIND I NG UI TY P ICAL M I T O L I C  FIGURES IN MANY CELLS W ”IC ’~ RA t’

MIGRAT ED CONSIO (ITAOLE O ISTAN CES FROM THE CENTER WELL. IDENTICAL OBSERVATIONS

WE RE THEN MADE US I NG B—BLASTS GENERATED PY CULTURING RAT SPLEEN CELLS W I T H

I(.’I ’ ,(~ 4.JG M4. or IFS FOR 148—72 HOuRS . A~ TII I S YIELDED A MIX ED CELLULAR

4 01 1JL AT ION CON TAINING A I PRUX- IMATEL Y ~O% B—BLASTS , ~~~ SMALL LYWF’HU1YTt~ . AN U

MACROPHAGES , THE IDENTITY OF THE MIGRATING CELLS IN THE CMEMO TA CT IC

ASSA YS COULD NOT i’I ESTABLISHED ElY INDIR E C T PHASE M ICROSC~’4~ , SO TH A I  A l L

CE LL COUNTS WERE MADE BY LIGHT MICROSCO PIC STUDY OF FIXE D AND STAINED C U V I R c L I ~~
,

REMOVED FROM THE A GA R O S E  “ I A T E S  A T  1~41 END OF EACH RoN. ~)FS 4’I TI T HI ,

L IM I T A T I O N , REPEATED STUDY or THESE CELLS HAS SHOW N THAT ON%.~ M A CROI .4AGL~
Cl I$~’LAY (D CONS I~~1ENT CHEMOTACTIC RESPONSES IN T’~E NELS ON ASSAY . THE t3— BLAST,l

• A ’ P ( A R ( L) TO It r AR  L~~,;S NOT I C E  T H A N  THE IR T — c t t  L CUl NTER I’A RI S AND H I’iRA TFI) ONL
LI IN L’— I ~

’ HOURS . FURTHE R , T H E Y l X H I 1 I IT ED A M E A N  C H E M O T A C T I C  I N D E X
OF I .. ANO A MEAN C ’ 4 L M U T A C T I C  L~ Ir Y E R L N t I A L  OF .‘I MI CRONS W H I C H  PROBAflL~ I N D I C A T E

~“A I THE B — B L A S T S  t’~’ NOT RESPON D W I T H  TRUE C H E M O T A X  IS AL ON~ G RA D I E NT S UI I A’~.
TIll !. I INDING W A S  P A R T I C U L A R L Y  I N T E R E S T I N G  SINC E S I M I L A R  S T U D I E S  W I T H  LYM PHOMA ~
C E L L S  (AN U N D I F F ( I T L NT IA T E CT  B — C E L L  R A T  LYMPHONA) I S O LA T E D  FROM THE I’IRII’ I IERAL
BLO OD OF LEWIS R A T S  O URIN u THE LE UKO SAR CO MA PHASE D E M O N S T R A T E D  T H A T  T H E S E
NE O P L A S T I C  8 - C E L L S  MOVED R*’ I O LY  UNDER A GAR OS E T~.’ T R A V E L  D I S T A N C E S  Of ~ I V ERAL
HUNDR ED MICRONS IN 3-14 HOURS, I~~T T H I S  M I G R A T I O N  WAS PURELY RANDOM W I T H  NO
E V I U E N CE FOR A D I R E C T I O N A L  RESPONSE T O LAS . WHEN ALL OF TH ES E RESULTS A R E
COMB INED. T H E Y  SLI uGES T T H A T  G R A N U L O C Y T E S .  NA CROPHA GES , SMALL I C E LLS AND
I — B L A S T .  SHOW C I I L b I U T A C I I C  RESPONSES TO A SERUM PRODUCT W I T H I N  [AS W H I L I

L~~t A L Y  M O T I L E ft-CELL S , B— B L A S T S  AND TH E I R  M A L I G N A N T  C O U N T E R P A R T S  NA t  LA ~~X OH

FA I  TO EXPRESS THE SU RFAC E RECE PTORS FOR TIllS CHEMOATTRACTANI FACTOR . IT I~ .

STILL UNCERTAIN WHET HER THE STRIKING DIFFERENCES IN THE MAGNITUDE UI THE rot.
AND 1-BLAST RES~’ON5CS to (AS ARC RELATED SOLELY TO DIFFERENCES IN TH E IR

RATES OF LOCOMOTION OR REFLECT OTHER CHANGES SUCH AS THE DENSITY OF SURFACE

RECE PTORS . IN OUR I N I T I A L  ATTEMPTS TO CLARIFY THIS ISSUE , CON A WAS ADDED
DIRECTLY TO THE SMAL L LYMPHOCYTE POPULATION IN THE CENTER WELL At~ THE P LA T E S

WERE CULT URED FOR SEQUENT IAL TIME INTERVAL S EltIORE A DDIN¼~ LAS TO TIll OUTER

WELLS . To slUR SURPRISE , THE RES ULTS (TABLE 20) SLIGGESTIC’ THAT CON A MIGHT

ACT UALLY SUPPRESS BOTH RANDOM AND DIRECTIONAL M I Q R A T I S 14 OVER THE FIRST 1t~
HOURS OF CULTURE , BUT ONCE BLAST CELL TRANSFORMATION APPEARED THESE C (LL~
EX HI B ITED TYPICAL PATTERNS OF RAPID RANDOM MI GRATION AND CH(I 4 O T A C T I C  RI lIUNSES

TO (AS . FUTURE STUDIES WITH THIS MODEL SHOULD lIt PART ICL ILA NL Y USEFUL IN

DEFINING THE METABOLIC AND THE STR UCTURAL CHANGE S I NDUCED ElY LICTINS W ” l L ’ l

ARE RESPONSIBLE FOR THE AUGMENTED IN VITRO CHEM OTACTIC RESPONSES.

BECAUSE OF THE ABOVE FINDINGS WE HAVE WONDERED WHETHER THE

DELAYED AND RATHER SLOW LOCOMOTION OF NORMAL SMALL LYMPHOCYTES IN THE AGAROSI

ASSAY COULD Ut ENHANCED flY METABOLIC PERTURBA TION 01 TIll CIII. ~~INCt THERE

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _• - • - - s • ~~~~ • •~~~~~~~~~~~
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.4AV L uLEN REPORTS THAT THE RANDOM MOVEMENT OF GRANULOCYTES , P4ACROPI4AGIS AND
• L YNI’ l,JCYTCS WAS INHI B I T E D  BY EXOGENOUS C YO.IC AMP AND ENHANCED BY I N C R E A S I NG

I NTt~A s.(LL ULAR LEVELS OF C Y C L I C  ~ 4P, WE HAVE U T I L I Z E D  SEVERAL DIFFERENT
014 05 I N ATTEMPTS TO MODIFY L Y M P H O C Y T E  LOCOMOTION.  HOWEVER , EXP E R I M INTS

EMPL OYING A R (CATIV (LY WIDE DOSAGE RANGE OF D IB U T Y R L  C~~
’
~~’ 

AC (TYLC HOL IN E AND

CARBA MYL CHOL I NE HAVE ALL FAILED TO ENHANCE E I T H E R  RANDOM OR D I R E C T I O N A L

H IGRAT ION OF SMALL LYMPHOCYTES IN THE AGAROSE PLATES. TESTS USING DII IUTYRL
THEO PHYLLINC AND CHOLERA ENTEROTOX IN HAVE SUGGESTED THAT THESE AGENTS

CAN SUPPRESS THE MOVEMENT OF BOTH NORMAL LYMPHOCYTES AND I-BLASTS IN V I T R O ,

BUT THIS EFFECT HAS BEEN TOO SPORADIC TO PERMIT ADEQUATE QUANT ITAT ION W I T H

THE TEC HNIQUES AV A I L A B L E .  I NDEED , THE ONLY AGENT THAT WE HAVE FOUND W H I C H

CAN ENHANCE CHEMOTACT IC RESPONSES IS SERUM FROM LYMPHOMA ~~ BEARING RATS.

• WHEN EITHER CRUDE SERUM OR THE GLOBULIN FRACT ION OBTAIN ED BY ETHANOL

P R E C I I I T A T ION WAS ADDED TO NORMAL RAT THORACIC DUCT LYMPHOCYTES IT INCREASED

THE IR CHEM OT A C T IC  RESPONSES TO ENDOTOXIN A C T I V A T E D  SERUM ?-~ FOLD W I T HOUT

ALTE R ING RANDO M M I G R A T I O N  (MEAN CHEM OTACTIC INDEX or ~‘i~ AND A MEA N CHEMOTACTIC

D I F F E R E N T I A L  OF 502 M I C R O N S ) .  As THIS ENHANC I NG EFFECT COULD NOT ITE D UPL I C A T E D

BY NORMAL SERUM , RAT GA MMA GLOBULIN OR RABBIT—ANTI- RAT IMM UNOGLOBUL IN , THIS

A C T I V I T Y  APPEARS TO BE UNIQUE TO THE LYMPHON A SYSTFU AND STUDIES A R E  I N

t’
~~~~

t4(S5 TO DETE RMINE IF THE A C T I V E  FACTOR IS RELATED TO ~OLYCLONA L

ISOAIIT I 000I(5 OR C iRCULAT ING ANTIGEN—ANT I BODY COMPLEXES W H I C H  ARE KNOWN TO

A PPEAR IN SOME TRANSPLANTABLE A N I M A L  LYMF’HOMAS.

HAVIN G ESTABLISHED THAT NORMAL RAT SERUM E X H IB IT S  C HEMOA TT R A C T A NT

ACT I V I T I E S  FOR ALL TYPES OF LEUKOCYTES (INCLUDING 1—LYMPHOCYTES) AFTER

A C T I V ATION ElY ( N O O T OX I N , WE HAVE ENGAGED IN A LENGTHY SER IES OF STUDICS TO

DETER MINE IF THESE EFFECTS ARE DUE TO~~~L lT PRODUCTS FROM THE COMPLEMENT

CASC ADE WHICH ARE KNOWN TO Ut CHEMOTACTIC IN OTHER IN VITRO ASSAY SYSTEMS .

DATA SUMMARIZED IN TABLE LI  DEMONSTRATE THAT GRANULOCYT (S , MACRO PHA .ES ,

TDL AND 1—BLASTS ALL EXHIBIT CHEMOTACTIC RESPONSES TO ENDOTOX IN—ACTIVA TE D

SER UM. SINCE THIS A C T I V I T Y  IS COMPLETELY L~~~T BY PREHEATI NG THE SERUM AT

• )~ O FOR 20 MINUTES BEFORE ADD I NG THE ENDOTOXIN , BUT REMA I NS UNALTERED IF THE

HEATING IS CARRIED OUT AFTER (NOOTOXIN TREATMENT , THESE RESULTS APPEAR ENTIRELY

CONSISTENT WITH THE CNEMOATTRACTANT ACTI V I T Y  BE ING MEDIATED BY LOW MOLECULAR

W E I G H T  S P L I T  PRODUCTS FROM THE COM PLEMENT SEQU ENCE (C ’3A OR CI 5A). HoWE VER ,

THIS CONCEPT CANNOT EXPLAIN THE SURPRISING FIND I NGS OBSERVED USING SERUM

FROM RATS PRETREATLO WITH COBRA VENOM AT DOSAGES OF 2 IJG 1GRM BODY W E I G H T .  AT
INTtR VALS RANG INC . FROM 1 —214 HOURS AFTER I N J E C T I N G  P U R I F IE D  COBRA VENOM F A C T O R ,

THE SERUM WAS CORI~LETCL Y DEVOID OF C1
3 - C’9 A C T I V I T I E S  O C T E C T A B L E  BY IN V I T R O

AS S A Y S .  WHEN T H I S  C1 DEPLETED SERUM WAS A C T I V A T E D  BY EN D O T O X I N  AND T E S T E D

A GAINST GRANULOCYTES AND MACROP HAGES IN THE NELSON ASSAY , THERE WAS NO SIGN

OF D I R E C T I O N A L  M I G R A T I O N  — A F I N D I N G  E N T I R E L Y  C O N S I S T E N T  W I T H  D E P L E T I O N  OF

TH E C’ 3A AN D C’5A CHEMOTACTIC FACTORS. DES PITE THIS, AL I QIJOTS OF THE SAME SERUM

SAMPLES CONSISTENTLY DISPLAYED CHENOATTRACTANT A C T I V I T I E S  FOR 1-BLASTS AND TDL
W H I C H WERE COMPARA BLE TO THE BEST RESPONSES SEEN AFTER A C T I V A T I O N  OF NORMAL

SCR CN . TOGETHER , THESE RESULT S PROVIDE THE FIRST (VIL ENCE FOR A S P E C I F I C

CHEMOATTNACTANT OF LYMPHOCYTES IN ENDOTOXIN—ACT IVATED SERUM WHICH MUST BC

DISTINCT IRON 
~~~~~ 

AND C’5A . ATTEMPTS ARE NOW IN PROGRESS TO ISOLATE ,

• CONCENTRATE AND CHARACTER IZE THIS FACTOR AS IT MAY WELL REPRESENT THE “ROTOTYPE

FOR S T U D Y I N G  C H E M O T A C T I C  REGULATION OF LYMPHOCYTE TRAFFIC IN V IVO . W H I L E  TIlt

ABOVE OBSERVATIONS DO NOT PRECLUDE THE POSSIB ILITY THAT C 1 SPLIT PRODUCTS NAY

ALSO PRODUCE NON—SELECTIVE CHEMOTACTIC EFFECTS UPON LYMPHOCYTES, IT IS MORE

DIF F ICULT TO PROPOSE A PHYSIOLOGIC FUNCTION FOR THIS WHICH WOULD BE CONSONANT

W I TH KNOWN CELLULAR RESPONSES TO INFLAMMATION IN VIVO . iNDEED , THE POSSIBLE

FUNC T ION OF COMPLEMENT COMPONENTS AS DETERMINANTS OF LYMPHOCYTE R E C I R C L I L A T I O N
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IS

SEEM QUITE REMOTE AS THE DATA PRESENTED IN IABLE 22 CLEARLY DEMONSTRATE
THAT RADIOLA BELED LYMPHOCYTES MOVE THROUGH LYMPHOID ORGA NS OF VENOM—TREATED
RATS IN A PERFECTLY NORMAL FASH ION DESPITE SUSTAINED SUPPRESSION OF THEIR
C’3 — C 1

9 TO UNDETECTABLE LEVELS.

IH( ABOVE RESULTS HAVE ALSO LCD US TO AN ALYZE OTHER WELL KNOWN
CH E M O T A C T I C  AGENTS FOR POSSIBLE CHENQAYTRACTANT EFFECTS FOR LYMPHOCYTES IN

THE MODIFIED NELSON PLATES. DATA SUMMARIZED IN TABLE 23 DEMONSTRATE THE

RAT GRANIJLOCY TC S ISOLATED FROM THE PERIPHERAL BLOOD BY F ICOLL-HY PAQ U E
GRADIENT SEPARATION EXHIBITED TYPICAL DIRECT IONAL MIGRATION AGA I NST CRUDE

C. COL t CULTURE FILTRATE ; THE CHEMOTACTIC TR I PEPTIDE —E—MEI— LLU—P HE (SUPPLIED

BY DR . ELLIOT SCHIFFMAN AT THE NATIONAL INSTITUTES OF HEALTH) AND THE CRUDE

BASO PRILE CHEMOTACTIC FACTOR PREPARED FROM SUPERNATANTS OF RAT OuFFY COAT

CELLS TREATED WITH THE CALCIUM IONOPHORE A23I87 AS DESCRIBED BY LICHTENSTC IN .

RAT PERITONEAI. MACROPHAGES SHOWED S IM IL A R ,BUT SLIGHTLY LESS DRAMATIC RESPONSES

TO EAC H OF THESE AGENTS. IN CONTRAST , REPEATED STUDIES WITH TI IORAC IC DUCT

LYMPHOCYTES, I—BLASTS , B—BLASTS AND LYMPHOMA ~ CELLS ALL F A I L E D  TO R E V E A L  AN Y
EVIDENCE FOR D IRECTIONAL MIGRATION OF DEFINED LYMPHOCYTE POPULATIONS TO AGENTS

W H I C H  W ERE CLEARLY POTENT STIMULATORS OF CHEE4OTAXIS IN THE OTHER CCLI. L INES.
WHEN COMBINED WIT H THE OBSERVATIONS DESCRIBED EARL IER , THESE RESULTS STRONGLY

SUGGEST THAT LYMPHOCYTES MUST HAVE COMPLETELY DIFFERENT TYPES OF SURFACE

RECEPTOR MEC HANISMS FOR REGULATING THEIR LOCOMOTION. INDEED , THESE F INO I NGS

WERE QUI TE COMFORTING IN LIGHT OF OUR CURRENT KNOWLEDGE OF CELL TRAFFIC

IN V I V O AS IT WOULD BE DIFFICULT TO EXPLAIN HOW LYMPHOCYTE MOVEMENT DIRECTED

TOWARDS BACTERIAL PRODUCTS WOULD PROV IDE B I O L O G I C A L  ADVANTAGES FOR THE HOST .

• Owt OF THE UNIQUE ADVANTAGES PROVIOED BY THE AGAROSE ASSAY IS

THAI CELLS CAN BE PLATED INTO THE PERIPHERAL WELLS AND THEN CULTURED FOR
• 

SEVERAL HOURS TO 3 DAYS TO DETERM I NE WHETHER THEY RELEASE FACTORS WHIC H ARE

CHEMOTA CT IC FOR OTHER CELL TY PES ADDED TO THE CENTER WELL. OUR PRELIMINARY

OBSERVATIONS USING THIS GENERAL EXPERIMENTAL DESIGN ARC LISTED IN IASLE 21%.
I N  SUMMARY , THESE RESULTS PROVIDE THE FIRST EVIDENCE INDICAT I NG THAT 8-BLASTS

PRODUCE FACTORS W H I C H  ARE C HEMOTACTIC FOR 1—BLASTS BUT APPARENTLY LACK T H I S
EFFECT ON OTHER TYPES OF LYMPHOCYTES . SiNCE THERE IS IN V IVO EVIDENCE

SUGGESTING THAT SOME 1—BLASTS MAY MOVE INTO GERM I NAL CENTERS AND THE SURROUND I NG

MANTLE ZONE (8—cELL AREAS), THESE OBSERVATIONS MAY PRO V I O E  OUR F I R S T  INS IGHT
INTO THE MECHANISMS WHICH ACCOUNT FOR THE REDISTR I BUTION OF LYMPHOCYTES INTO

DIFFERENT ZONES OF LYMPHOID TISSUES. FURTHER STUDY OF THIS PHENOMENON AND

THE POSSIBLE MEDIATORS ARE NOW IN PROGRESS.

PROJECT 6. THE MECHANISMS OF IMMUNOPO T ENT IATION BY STANDARD ADJUVANTS.

EVIDENCE SUMMARIZED IN OUR PREVIOUS PROGRESS REPORTS AND CURRENT

CONTRACT RENEWAL INDICATES THAT NON—SPECIFIC ADJUVANTS MAY POTENTIATE I MMUNE

RESPONSES BY A VARIETY OF MECHANISMS, I.E.: DEPOT FORMATION STIM ULATION OF

MACROPHAGES; GRANULOMA FORMATION; RECRUITING BOTH ANI GEN-REACTIVE AND HELPER

1—CELLS I NTO THE NODE; IN I T I A T I N G  RELEASE OF LYMPHOKINES AND OTHE R CELL

PRODUCTS WHICH FACILITATE HELPER EFFECTS; ACTIVATING MACROPHAGES STIMULATING

I AND B CELLS DIRECTLY; ENHANC I NG THE PRODUCTION AND RELEASE OF HELPER T-CELLS

FROM TIlE THYMUS, AND ETC. SINCE COMPLE TE FREUND ’S ADJ IJVANT (CFA ) MAS BECOME
GENERALLY ACCEPTED AS IHE BEST PROTOTYPE FOR NON-SPECIFICALLY A UGMENT I NG

IMMUNE RES PONSES IN WEAK IMMUNOGENS IN EXPERIMENTAL ANIMALS , WE HAVE INITIATED

MAJOR EFFORTS TO DEFINE THE MECHANISMS OF ACTION OF THIS AGENT TO ACHIEVE THE

NECESSARY BACKGROUND FOR OUR PROPOSED USC OF MURAMYL DIPEPTIDE AND CELL

~:. 
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PRODUCTS A S A D J U V A N T S .

IN THESE STUDIES OVER 200 LEWIS  R A T S  HAVE BEEN IMMUNIZED W ITH V[~
V A C C IN E IN CIA . THESE ANIMALS WERE BLED AT SEQUENTIAL INTERVALS TO DETERMINE

A NTIBODY TITERS 8Y PLAQUE NEUTRALi ZATION ASSAYS AND RE PRESENTAT IV E RATS WERE

KILL E D AT i , 3, 7, p 1% , 25 AND 56 DAYS POST-IMMUNIZATION TO DOCUMENT

MICROVASCULAR , MORPHOLOGIC AND CELL TRAFFIC CHANGES IN THEIR LYMPHATIC TISS~~ES
RESULTS SHOWN IN TABLE 25 D E M O N S T R A T E  THAT SUBCUTANEOUS INJECTIONS OF VIE
IN CIA CA USED A DOUBLING IN REGIONAL LYMPH NODE WE I GHT W I T H I N  3-7 D A Y S .
T H I S WAS FOLLOWED BY A GRADUAL DECLINE TO A MEAN OF 35 MG W H I C H  WAS

M A I N T A I N ED FROM 2~ TO 56 DAYS POST CHALLENGE . THESE CHANGES WERE V I R T U A L L Y
IDENTICAL TO THOSE SEEN USING BRIEF A N T I G E N IC  EXPOSURE TO SKI N  ALL O GRA ITS

DES PITE PREVIOUS POSTULATES THAT CIA SERVES AS A DEPOT l ROMDT ING LONG TERM

EX POSURE OF THE REGIO N A L  NODE TO ANTIGENS. EQUALLY INTERESTING WERE

OBSERVATIONS THAT TIlE TOTAL LYMPH NODE MASS Of RATS INJECTED W I T H  CIA
GRAD UALLY INCREASED FROM A MEAN W E I G H T  OF A P P R O X I M A T E L Y  ~‘50 MG TO 1190 MG

(TABLE 26) OV ER TH E ~) WEEK STUDY INTERVAL W H I L E  THAT SEEN IN S A L I N E  INJECTED

CONTROLS FL UCTUATED BETWEEN 750-500 MG. W H I L E T H I S  MAY REPRESENT RESPONSES
TO C.RANULOMA DISSEMINATION THROUGHOUT THE LYMPHOIO SYSTEM , THIS MAY NOT BE

• THE SOLE E X P L A N A T I O N  AS SPLEEN W E I G H T S  IN THE C I A — T R E A T E D  R A T S  REMAINED

UNCHANGED OVER THE SAME 56 DAY I N T E R V A L .

MORP HOMETRIC TECHNIQUES WERE EMPLOYED TO R E L A T E  T H I S  R E G I O N A L
NODAL ENLARGEMENT TO CHANGES IN THE MASS OF I AND B CELL Z O N E S .  RESULTS
ILLUSTRATED IN TABLE 27 DEMONSTRATE THAT LOCAL CIA INJECTIONS CAUSED A 3-FOLD

INCREASE IN MEAN CORTICAL WEIGHT WHICH PERSISTED FROM 3 TO DAYS l OST- .

CHALLENG E. AFTER THE i N I T I A L  INFLAMMATION RESOLVED , T HIS  WAS I~A R A L LELED BY
A 2—3x INCREASE IN BOTH THE NUMBER AND ESTIMATED MASS OF GERM I NAL CENTERS W I T H I N

THE ENLARGED C O R T E X .  As THE MEDUL LARY CORDS BECAME LON ;ER AND MORE IROM I NENI

FROM 7—28 D A Y S , THERE S EEMED T O& L I T T L E  DOUBT T H A T  T H I S  I M M U N I Z A T I O N  EV I~I~E O
INTENSE CELLULAR PROLIFERATION AND D I F F E R E N T I A T I O N  IN THE B—cELL ZONES
CONSISTENT WIT H A VIGOROUS HUMORAL ANTIBODY RESPONSE. THE S E Q U E N T I A L
MORPHOLOGIC CHANGES APPEARING W I T H I N  THESE NODES PROVIDED FURTHER iNSIGHT

I NTO THE POSSIBLE MECHANISMS OF IMM UNOPOTCNTIAT ION DY CIA . HISTOLOGIC SCORING

OF THE LYMPHOCYTE M I G R A T I O N  INDEX (NUMBER OF MIGRATING LYMPHOCYTES PER 100
HIGH END OT HELIA L CELLS) STRONGLY SUGGESTED THAT THE TRAFFIC Of BLOOD—BORNE

LYMPHOCYTES INTO THE NODES WAS INCREASED FROM I TO ~~ D A Y S  PO ST CHALLENGE .
WHILE AUTORADIOG RA PHIC STUDIES MONITORING THE INTRANODAL T R A F F I C  OF THESE

C ELLS ARE S T I L L  l E N D I N G , TH E FREQUENT F IND I NG OF LOOSELY A D H E R E N T  CLU MPS Of

LYMPHOCYTES WITH A PPARENT “PLUGGING ” OF THE INTERMED IATE SINUSES C E R T A I N L Y

SUPPORTED INCREASED TRAFF IC ACROSS THE NODE WITH POSSIBLE P A R T I A L  BLOCKADE

OF EGRESS. WHILE NUMEROUS ACT I V A T E D  MACROPHAGES WERE FOUND IN ALL SINUS

P A S S A G E S , T Y P I C A L  GRANIJ LOMAS F I R S T  A P P E A R E D  IN THE OUT E R NODAL CORTEX AT 114

DAYS AND GRADUALLY ENLARGED OVER THE SUBSEQUENT STUDY INTERVAL. WHILE IT SEEMS

Q U I T E PLAUSIBLE  THAT THESE CHANGES MAY BE RELATED TO ALT ERED ANTIGEN CLEARA NCE

FROM THE NODE , THIS CONCEPT IS JUST NOW BEING TESTED ~.IT H LABELED VEE. IN A N Y

EVENT , THI S C O M B I N A T I O N  OF INFLAMMATION AND MACROPHAGE A C T I V A T I O N  APPEARS TO

CA USE PROLONGED RECRU I TMENT OF R E C I R C U L A T I N G  5YMPHOCYTES THROUGH THE REG IONAL

NODE. WHOLE ORGAN COUNTS AFTER INFuSiNG 3xIO~ RADIOLABILED THORACIC DUCT

CELLS INTO THESE HOSTS DEMONSTRATED T~~~T THE 214 HOUR ACCUM ULAT I ON OF

RA D I O A C T IV I T Y  IN THE NON—STIMULATED , CONTRALATERAL NODES CONSISTENTL Y RANGED

NEAR 0.3% OF THE T O T A L  INJE CT ED DOSE OVER I N T E R V A L S  R A N G I N G  FROM 0 TO ~tl DA YS.

IN CONTRAST , THE S T I M U L A T E D  R E G I O N A L  NODES CONSISTENTLY SHOWED I~~ — ~X GREATER

UPTAKE OF RAD IOLA B EI . BETWEEN I AND 25 DAYS POST—C IA INJECTION . WHILE THIS

CLEARLY PROVES I NCREASED CELLULAR TRAF FIC THROUGH THE REGIONAL NODES , THIS

-
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NON—SPECIFIC RECRU I TMENT MAY BC RELATED IN PART TO AUGMENTED OL000 FLOW
THROUGH THE ENLARGED NODE SINCE THE S P E C I F I C  A C T I V I T Y  (D~~ PER GRAM OF
TISSUE) WAS NOT SIGNIFICANTLY DIFFERENT IN THE REGIONAL AND CONTRALATERAL

NODES AT EAC H TIME INTERVAL STUDIED. As LYMPHOCYTE RECIRCULATION THROUGH

OTHER LYMPHOID ORGANS IN THE SAME HOSTS WAS UNALTERED (TABLE 30), IT SEEMED

UNLIKELY THAT THE ENHANCED REGIONAL NODE TRAFFIC COULD BC ATTR I BUTED TO POSSiBLE

SYSTEMIC CHANGES (I.E., NON—SPECIFIC STRESS, ETC.) PRODUCED DY CIA .

THERE IS FURTHER EVIDENCE SUGGESTING THAT THESE CELL TRAFFIC

CHANGES ARC RELEVANT TO IMMUNOPOTENTIATION BY CIA . DATA COMPARING PLAQUE

NE UTRALIZATION TITERS IN SERA FROM RATS IMMUNIZED VII OR VEE IN CIA ARE

SHOW N IN TABLE 3 1.  THE RESULTS DEMONSTRATE THAT CIA INCREASES VEE ANTIBODY
RESPONSES BY IO— 1 5X , YIELDING EFFECTIVE PROTECTION AGAINST CHALLENGE WIT H

VIABLE ORGANISMS FOR TIME INTERVALS EXTENDING BEYOND 16 WEEKS. OF EVEN GREATER

INTEREST ARC THE OBSERVATIONS THAT THYMECTOMY 10-11% DAYS BEFORE IMMUNIZATION ,

PROMOTED HIG HER AND MORE PROLONGED ANTIBODY TITERS REGARDLESS AS TO WHETHER

THE RATS WERE INJECTED WITH VII ALONE OR IN COMBINATION WITH CIA . THESE

EFFECTS WERE CLEARLY DE PENDENT UPON THE REGIONA L NODE AND COULD NOT BE

DUPLICATED BY INJECTING THE ANTIG EN—ADJUVANT MIXTURE INTO THE THYMUS WH ICH

HAS AN ATRETIC LYMPHATIC NETWORK. SIMILARLY , SURFACE—ACTIVE AGENTS L IKE

DIGITON 1N PRODUCED LOCAL INFLAMMATION AT THE ANT I GEN INJECTION SITES WHICH

F A I L ED TO AUGMENT AND MAY EVEN HAVE SUPPRESSED IMMUNE RESPONSES TO VII. SINCE
THE V A C C I N E  PREPARATION EMPLOYED iN THESE STUDIES APPEARED TO BE A POTENT
IMM UNOGEN CAPABLE OF EL I C I T I N G  ANTIBODY RESPONSES IN ALL RATS CHALLENGED ,

THESE RESULTS SIIGGEST THAT ADULT RATS HAVE ADEQUATE TISSUE STORES Or THE

IHM UNOCOMPETENT CELLS AND HELPER CELLS NEEDED TO MOUNT IMMUNE RESPONSES TO

VII ANT I GENS . THE CELL TRAFFIC CHANGES I NDUC!0 BY CIA PROVIDE ONE OBVIOUS

MECHANISM WHEREBY THESE CELLS MAY BE RECRUITED INTO REG IONAL NODES WHERE

ANT I GEN IS SEQUESTERED. HOWEVER , THE FACT THAT THESE ANT I BODY RESPONSES CAN

BC AUGMENTED AND PROLONGED BY T I-IY14ECTOMY , IND ICATES THAT  BOTH ANT IGEN-
I NDUCED AND ADJUVANT MO D IFIED IMMUNITY MAY BE MODULATED BY SUPPRESSOR CELLS ,

NEWLY FORMED AND RELEASED FROM THE THYMUS . IF C O R R E C T , THIS MAY PROVIDE A

NEW PROTOTYPE FOR POTE NT IAT ING IMMUNITY W H I C H  MAY BE OF CLINICAL RELEVANCE

AS PHARMACOLOGIC MEANS ARC NOW AVAILABLE TO SELECTIVELY INHIBIT CELLULAR

PROL I FERATION AND DIFFERENTIATION WITHIN THE THYMUS . FURTHER STUDIES OF THIS

PHENOMENON ARE NOW IN PROGRESS.
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TABLE I

THE EFFEC TS OF VAR YI NG CONCENTRATIONS OF RUTHENI(J4 RED DYE UPON

IN V ITRO LYMPHOCYTE FUNCTIONS

Dos c MITOGCNIC’ AGGLUTINATION VIA B I L I T Y  BY SUR FACE N IG RA T I O N  tINDER A GA ROSE
(MG/ML) RESPONSE TRYPAN BLUE PATCHES CAP S RANDOM DIRECTIONA L

.0 1140 CPM + s8.2 - - - -
0.5 IS6 CPM 96.8 ,00% 143% + I

0.1  bI2 CPH 0 97.2 98% 148% + +

CONTROL 3145 CPM 0 96 .14 o 0 + +

#
5XI06 SPLEEN CELLS CULTURED FOR 72 HOURS WITH DYE AND PULSED WITH 3H—THYMID INE FUN

2 HOURS.

•RANDOM AND DIRECTIONAL M I G R A T I O N  SCORED BY MIGRATION UNDER AGAROSE IN THE MODIFIED

NELSON CHEMOTACTIC ASSAY US I NG ENDOTOXIN—ACTIVATED SERUM.

j



21’

• lA DLE 2

THE ACCtJ4ULAT ION OF RADIOACTIVITY IN RAT ORGANS AFTER INFUS ING
• 

300x106 3H..~.~RJDl$ [ LABELED LYMPHOCYTES TREATED WITH RUTHENILI.l RED DYE

TI NE AFTER % TOTAL DOSE ACCUMULATING IN RAT ORGANS AFTER TREATING

CELL INFUSION TDL WITH I MG RUThEN I1J~I

LN S~~LECN LIVER LUNGS GUT
214 HR 1.1414 1 .51 114 .30 0.65 2 . 1 14

% TOTAL DOSE ACCUMULATING IN RAT ORGANS AFTER THIATIN G

TDL W ITH 0.05 MC RUTHENIUM RED

LN SPLEEN L I V E R  LUNGS GUT
2 HR 3.2 31.31 12.07 9.31 2 . 7 1

14 MR 14.92 30.~~ 9.76 ~~~~~

C HR 7.36 2 t .3 0  8.58 ,.30

214 HR 114.50 7.65 12 .314 1.66 3 (4

% TOTAL Dost ACCUMULATING IN RAT ORGANS AFTER TREATING

TDL WIT H 0.01 MG RUTHENIUM RED

LN SPLEEN L IV E R  LUNGS Gui
2 HR 14 .1414 36.6 i..05 (.145 3.7~
14 HR 6.15 27.8 7.61 3.140 14.05

8 HR 12.07 48.06 5.20 2.23 14.711

213 HR 20.02 6.~5 5.00 1 .15 5.60

‘EACH VALUE REPRESENTS THE MEAN FIGURE DERIVED FRO M ~HE STUDY o~ 3—5
RATS AT EACH TIME INTERVAL DESIGNATED.

~t
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TABLE 3

THE EFFECTS OF VARYING CONCENTRATIONS OF ALC IAN BLUE DYE

UPON IN V I TRO LYMPHOCYTE FUNCT I OHS

Dosc MITOGENIC’ AGGLUTINATION VIA B ILITY BY SURFACE MIGRAT ION

(pG/MI) RESPONSE TRYPAN BLUE PATCHES CAPS RANDOM DI R E C T I O N A L

200 306 CPM + io.14% - - - -

20 ~82 CPM 93.8% 100% 68% + +

2 2I~4 CPM 0 96.(>% 96% 53% + +

0.2 3214 CPM 0 95.5% 214% ~% + +

CONTROL 265 CPM 0 96 .8% 0 0 + +

#5*106 SPLEEN CELLS CULTURED FOR 72 HOURS W I T H  DYE AND PULSED W I T H  314 1HYM101N(

FOR 2

•RANDOM AND DIRECTIONAL M I G R A T I O N  SCORED IN MODIFIED NELSON ASSA Y ILA TE S USING

ENDOTOXIN ACTIVATED SERUM . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 14

THE ACCU4ULATION OF RAD IOACTIVITY IN RAT ORGANS AFTER

INFUS ING 300* ~o6 3H-URIDINE LABELLED LYMPHOCYTES TREATED WITH ALC IAN BLUE DYE

TIME AFTER % OF TOTAL Dost ACCUMULATING IN ORGANS AFTER TREATING

INFUS I ON TDL WITH 200 1)6 A L C I A N  BLUE

LN SPLEEN LIVER LUNGS GUT

214 HR 3.72 2.96 16.9 p.30 3.96

• % OF TOTAL DOSE ACCUMULATING IN ORGANS AFTER TREATING
TDL WITH 20 UG ALC IAN BLUE

24 HR 14.75 i.52 tO.65 1 .314 6.14

• 
% OF TOTAL DOSE ACCUMULATING IN ORGANS AFTER TREATING

TDL W I T H  2 tiC A LC IA N  BLUE

2 HR 14.69 31.714 9.1 6.2 1.91

14 KR 6.34 29.11 6.1414 1.92 2.20

8 HR 9.82 20.25 14.2 ,  i.27 2.25

214 HR 16.141 6.72 ~o.o14 1.76 14.92

• % OF TOTAL DOSE ACCUMULAT I NG IN ORGANS AFTER TREATING

TOL W I T H  0.2 uG ALC IAN BLUE

24 HR ~8.,14 t3.65 3.2 1.36 5.28
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TAI4L( 5

THE LFFLCTs OF CONCANAVALI N A UPON IN VITRO LY?4PHOCYTF FUNCTION

DOSE MI TOGCNIC~ AGGL U T I N A T I O N  V I A B I L I T Y  BY SURFACE NIGRA TION~
(~~G ML) RESPONSE TRYrAN BLUE PATCHES CAPS RANDOM DIRE C T IONAL

0 96% 33% 0% 0 0

I I~~~ C M  3t% t~14% 3%

C IN ++ 82% ~)3% ~ 0 0

40.0 263 CPM ++ 514% 9t~% b% o o

C ONTROL 2 I .~ C PP4 o ~~.14% 0 0 + +

SPLEEN tELLS CULTURED FOR 72 HOURS WITH CON A AND r tI L S I CI  W I T H  .~H-iNYM It~ INt

FOR .‘ I4 O&4R ~..

RANOOM AND ~~IR F 1 T I~ )NA L MIGRATION SCORED DY M I G R A T I O N  UNOER AGAROSI IN T,41

MODIFIED NELSO N C 4fMOTA (TI’.~ ASSAY USING EN Q O TO \ I N— A C I IV A T F D  SERUM .

- —
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TABLE o

THE ACCIJ4ULATION OF RADIOACTIVITY IN RAT ORGANS AFTER IV INFUS ION

WITH 300x 106 3H-URIDINF LABELED LYMPHOCYTES TREATED WITH CONCANAVALIN A

TIME AFTER % OF TOTAL DOSE ACC UMULATING IN ORGANS AFTER T R L A T I N G

I N JECTION TDL W I T H  I UG CON A

LN SPLEEN L I V E R  LUNGS GUT
2 HR 2.93 17.b2 i14 .t~ 2.30

HR 6.23 30.714 314.6~ 0 .13

~‘ HR 9 .i14 26.62 12.32 2.96 5.142

214 HR i7.70 6.33 7.93 2.36 3.3’,
- 

~ TOTAL DOSE ACC UMULATING IN ORGANS AFTER TR E A T I N G

TDL WIT H 2.5 tiC CON A

IN SPLEEN LIVER LUNGS GUT

2 HR 1 .18 27.140 23.80 3.t) I

14 HR 2.09 33.20 13.50 2.30

8 HR 5.63 31.03 40.02 0.63 1 .60

214 HR 9.12 I~4 .9O 5.13 0.149 1 .39

~~~~TOTAL DOSE ACC UMULATING IN ORGANS AFTER TREATIN G

TOL WITH 5.0 uG CON A

LN SPLEEN LIVER LUNGS Gui
2 HR 0)37 i.07 12.73 2.63

14 HR 0.29 0.62 5. 83 1.33

3 HR 0.27 0.52 5.07 0.143 I.~~

214 HR 0.30 0.35 5.26 0.36 l .(14

~~~~~~~~~~~~~~~~~~ TOTAL DOSE ACCUM ULATING IN ORG N5 AFTER TREATIN G —

101 WITH tO UG CoN A

LN SPLEEN L IVER LUNGS
2 HR 0.55 14.56 22.140 o.50 .88

13 HR o.14o 3.914 10.20 3.35 I .(O

8 HR 0.69 13.26 7.90 1.141 2.65

214 HR 1.25 2.77 14.23 0.63 1 .29

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 7

• THE EFFECTS OF A NTI-I~44UNOGL08tJLIN UPON IN VITRO LYMPHOCYTE FUNCTION

DOSE MITOGENIC~ AGGLUTINAT I ON V I A B I L I T Y  BY SURFA CE M I G R A T I O N ’
(MG DROTEIN/ ML) RESPONSE TRYPAN BLUE PATCHES CAPS RANDOM D I R E C T I O N A L

0ANT I IGG SONG 16143 CPM 0 98.2~ 14% -
~~‘( + +

ANT I IGG 5~IG CPM 0 97 .3% ~~~~~~~ I0~~ + 4

CONTR O L 2I’a~ CPM 0 46.3’~ 0 0 + t

ATG ‘~t)s~ .~ 10~ C PM 0 0 ‘t 3% 0 0

S~’L(EN CELLS CULTURED FOR 72 HOURS W I T H  A N T I  ICG AND I”ISED W ITH 3H— THYMIPINI

FOR 2 ~IOURS .

•RANOOM AND O I R C C T I O N A L  Mi GRAT i ON SCORED DY MEASURING THE M I G R A T I O N  OF A 1I COA ICD

LYMPHOCYTES 1INPE4~ AGARO SE IN THE M ODIFI E D NELSON ASSAY U~;ING I NU 4OTOXIN A d IVATE D

SE RUM As THE CHIMO IA CT IC STIMULUS.

°RABBI T ANT I RAT 16G.

~ RABC IT ANT I RAT THYMOCYT E GLOI3L’LIN .

•—

~

-

~

--- -~~~~~~~~~ -~~ -—- - •
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TABLE 3

THE ACC(J.4ULATIOt4 OF RAD IOACT IVITY IN RAT ORGANS AFTER

INFUS ING 300xIOti 3H-UR IDINE LABELED LYMPHOCYTES TREATED WITH ANTI-IP44UNOGLOBuLIN

T IME AFTER % OF TOTAL INJECTED DOSE ACC U M U L A T I N G  IN ORGANS
I ~~F~~5 I ON

IN SeiiEN LIVER LUN~. Gui
2 HR 3. ?‘-~ . 17 1 . 5.51’ . I

HR ‘
~ 
.214 I?. Ito ‘) .2 • 13 I . ‘01

/ .~4u’ I I  .L~ 4 I .‘k~

:~~ HR 17.72 j.i5 .~~~~
‘, 2.00 2 ./ I

THE ACCINULAT ION OF RADIOACTIVITY IN RAT ORGANS AFTER I NFUSI NG

300x IO~ 3H-URIDINE LABELEL) LYMPHOCYTES PRE-INCUBATED \..ITH ANT I-THYT4OCYTtI GLOUIJLIN

or I O T A L  INJECTED L)OSE I % C C t) N U L A T J N L ;  IN ORGANS

T IME AFTE R LN SPLEEN LIV E R LUNG Gui
I NFUSION
2 HR 0 .33 I.5~ 10. 1 2 . 1  1.03

HR 0.55 1.22 iO.° 1. 1

3 HR 0.32 1.142 Q .t’ 0.914 3. 32

2~ HR 0.31 0.142 11.93 O.o2
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TABLE 9

THE EFFECTS OF CYTOCHALASIN A ON LYMPHOCYTES IN VITRO

ULTRASTRUCT URAL CHANGES

DOSE V I A B I L I T Y  NUMBER o,I 
DISTANCE MIGRATED 2 Loss or AGGRE~..ATED SURFACE ZEOSIS

MIGRATING CELLS RANDOM DIRECTIONAL M I C R O V I L L I  MICRO FILAMENT S BLEI3 S

O 96.6 91 140 186 o 0 0 0

0.2 95.6 108 52 201 - 0 0

2.0 96.14 8o 313 ~28 + + 0

96.7 142 20 52 4+ ++ + +

6.o 97.2 0 0 0 4-’.++ 4+4+ +4 ++

3.0 94.8 0 0 0 +4+4 +4+4 4+ 4+

1
MEAN NUMBER OF MIGRATING CELLS IN A WIDE STRIP CONNECTING THE CENTERS OF ALL 3 WELLS
I N AGAR )S( PLATES.

2
MEAN LINEAR D ISTANCE IN MICRONS TRAVELED IN 2 HOURS BY LYMPHOCYTE POPULATIONS SHOWING

• RANDOM MOVEMENT AND DIRECTIONAL M IGRATION TOWARDS ENOOTOXIN A C T I V A T E D  SERIJI’t IN A~.AROSE O L A T U S .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • ~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —•• - —
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TABLE ID

THE ACCIJ4UIAT ION OF RAD IOACTIVITY IN RAT ORGANS AFTER IV I NFUS I ON

W ITH 300 106 3H-URIDINE LABELED LYMPHOCYTES TREATED WITH CYTOCHALAS IN A

OF TOTAL Dost IN ORGA NS AFTER TREATING CELLS WIT H ID IJG/ML

TIME AFTER LN SPLEEN LIVER LUNGS GUT
INJECTION

2 HR 0.07 23.2 1 3.3 4.0 2.,

14 HR o.,14 s3 .6 9.3 1.0 3.9

8 HR o.~14 11.0 7.0 o.6 2.6

211 HR 0.15 2.0 7.5 0.u 3.9

OF TOTAL DOSE IN ORGANS AFTER T R E A T I N G  CELLS WITH 6 UGTML

LN SPLEEN L I V E R  LUNGS Gui
2 HR 0.~ 8 41.4 io.2 7.3 2.2

14 HR 0.19 8.3 6.6 ó.~ (.2

8 HR 0.19 3.9 7.3 ‘ .7 2 .3

214 HR 0.36 2.8 7.3 4 .6 3.~
OF TOTA L DOSE IN ORGANS AFTER TREATING CELLS WITH 14 LIG7ML

LN SPLEEN LIVER LUNGS Gui
2 HR 0.32 9.7 9.u 1LI  3.3

14 HR 0.22 6.9 7.3 3.9 5.3

8 HR 0.29 3.9 7.8 1. 2.9

214 HR o.148 2.0 5.3 2.7 3. 9

OF TOTAL DOSE IN ORGANS AFTER TREATING CELLS WITH 2 uo7~ 1

LN SPLEEN LIVER LUNGS GUT

2 HR 2.73 114.3 11 .2 13.5 11 .1

14 HR 2.50 12.9 8.9 3.3 2.3

HR 5.05 10.7 i2.5 14 .3 2.5

214 HR 9.06 14.~ 5.2 2.3 3.5

#EACH POINT = MEAN VALUE DERIVED FROM STUDYING 3— 5 RATS .

• . 
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TABLE I I

THE ACCII4ULATION OF RADIOACTIVITY IN RAT ORGANS AFTER IV INFUS ION

WITH 300xIO
6 3H-IJ~IDINE LABELED LYMPHOCYTES TREATED WITH CYTOCHALASIN B AT iO UG/ML

OF TOTAL DOSE IN ORGANS
TINE AFTER

INJECTION IN SPLEEN LIVER LUNC.S Gui

HR i.57 22.~ I~~ .7 ~3.8 2. ,

t 2 HR ,.811 I$.b 6 .3 3.? 2.3

14 HR I .56 i2.9 10.0 3.6

3 HR 2.92 9.5 7. 3~ s .y  I.

214 HR 5.79 3.5 i3.3 3.7 13)

#EAC H POINT MEAN VALUE DERIVED FROM THE STUDY or 3— 5 RATS.
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TABLE i2

THE IN VITRO EFFECTS OF COLCHICINE UPON RAT THORAC IC DUCT LYMPHOCYTES

• DRUG V I A B I L I T Y  BY RANDOM TRAFFIC KINETICS

Dos t TRYPAN BLUE M O T I L I T Y  (% OF IOTAL DOSE OF INJ ECTED R A D I O A C T I V I T Y
EXCLUSION IN L~ MPH NODES 211 HOURS AFTER INrU5 I~~~.

3XIOU CELLS LALIELED WITH 3H—U RIDINE )~

MEAN RANGE

,o 2 COLC 611.3% o 6.~~2 ( 2. 1 - 3 .3)

COLC 78.8% o 6.118 (5.3-7.11)

IO~~ COLC 94 .6% + 16.56 (12.8-19.11)

,o 6 
COLC 98.2% + 15.2 1 (17.1-21.2)

iO~ COLC 95.3% ~- 17.85 (uC.9-2O .3)

IO~~
0 COLC 914 11% + 17.511 (~ 7 .5—22. 3)

LUMICOLC 96.~% + 22.14, (17.3—214.1 )

No DRUG 95.14% + 19.80 (I6.b-23. )l)

lEAC H POINT MEAN VALUE OBSERVED IN STUDY OF 3—5 RATS

__ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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TABLE 13

THE ACCLIIULATION OF RAD IOACTIVITY (% OF TOTAL D~~E INJECTED ) IN ORGANS OF

NORMAL RATS INFUSED WITH 300x 106 3H-UR IDINE LABELED LYMPHOCYTES TREATED

WITH COLCH IC I NE FOR ~ HOUR”

CELLS PRE—I NC UBATEO W I T H  IO~~M COLCHIC IN ETIME ArT ER
INFUS I O N  LN SPLEEN L I V E R  LUNGS GUT

2 HR i.90 38.2 9.6 9.6 3.90

14 HR 1.95 17.3 5.9 2.14 1.43

6 HR 3.39 15.6 11.6 i.3 1 . 1 5

iS HR 9.72 5.2 5.8 0.8 i.60

CELLS PRC— INCUBATED WITH uO~ *4 COLCH~ETNE

LN SPLEEN LIVER LUNGS GUT
2 HR v .63 22., 12.9 15.7 1.23

14 HR 1.714 15.7 5.4 14 .4 . 1.03

8 HR 2.58 18.6 5.5 1.7

18 HR 10.90 5.7 14.~ 0.6 p .2 6

CELLS PRE—INCUBATED W I T H  uO—44 COLCHIC INC
LN SPLEEN LIVER LUNGS Gui

2 HR 2.55 214., 6.9 3.9 2. i7

14 HR 3.27 22.5 5.5 i.6 2.50
8 HR 5.91 16.4 3.3 ‘.0 2.90

HR 10.90 14.3 3.9 0.6 2.2

CELLS PRE— INCUBAT ED WITH ,O—814 CO LCHIC INC
IN SPLEEN LIVER LUNGS GUT

2 HR 11.,o 29.7 14. 11 14~~ 2.25
4 HR 6.56 25.5 4 .~~ 2.1 3.05

HR 8.72 25.3 2. 1 3.6 2.84
i8 HR 13.19 7.2 14.6 0.8 2.70

- • UNTREATED CELLS

IN SPLEEN LIVER LUNGS Gui
2 HR 3.36 113.0 9.25 5.611 2.311
14 HR 5.67 30.~ 7.5’ ~.8o 2.83
8 HR 7.63 12.7 5.76 1 .31 2.11

HR ~2.5b 5.7 6.10 0.67

1EAC H VALUE R (PRESCNT~ THE MEAN DERIVED FROM STUDY OF 3-5 RATS.

~ -- 
- - . 

- 
.
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TABLE ,4

THE ACCU4ULATION OF RADIOACTIVITY (% TOTAL (XSE INJECTED) IN THE ORGANS OF

NORMAL RATS INFUSED WITH 300xs06 3H-URIDINE LABELED LYMPHOCYTES

PRE.TREAT ED WITH

% UPTAKE USING CELLS TREATED WITH IO 4M L U M I C O L C H I C  INC

T IN E A FTER IN SPLEEN LIVER LUNGS GUT
INFUSION

HR 3.UI  5.04 30.110 112.,( 2.i(

2 HR 14.36 26.Si I I.2~ 5.32 I.~~’3

14 HR 4.39 22.57 8.17 2.142

3 HR 7.0~. 9.142 7.147 i .5-~ 7. s ’I

21! HR 2 0 .11  7.26 6.53 1. 143 3 .5~
——  -- % UPTAKE US I NG CELLS TREATED WITH tO C I I ( I N L  

-

~~~~

IN SPLEEN LIVER LUNGS Gui
HR 3.(3 20.29 2 .43 37.o2 2. 3()

2 HR s.11o 11b.92 i3.i9 ~.‘5

14 HR (.23 35.àO 8.33 3.93 2.55

8 HR 2.20 28. 142 3.79 2. I f

24 HR 214.29 5.77 10.72 3.70

% UPTAKE USING UNTREATED CELLS
IN SPLC N LIVER LUNGS

HR 3.80 25.86 26.98 35.814 2.97
2 ItR 14.62 25.27 14.611 5.52 2.314

11 HR 4.66 27.35 9.07 2.59 I.95

8 HR 6.35 i4.85 13.93 1.39

211 HR 20.76 6.68 6.1311 1 .27 3.7 1

1EACH PO I NT MEAN VALUE DERIVED FROM THE STUDY OF 3-5 RATS.
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TABLE 15

CCNPARISON OF THE I NTRA-NODAL DISTRIBUTION OF NORMAL AND COLCHICINE-TREATfl)

RAD I OLAt3ELED LYMPHOCYTES BY AUTORADtOG~APHY AT SEQUENTIAL INTERVALS

AFTER TRANSFUSION INTO NORMAL RECIPIENTS

14EV H[V WALt . 10 HPF or MEDULLARY TOTAL

TIME AFTER LUMEN AND SHEATH DIFFUSE CORTEX SINUSES

I NJ C CT ION NL COLE NL COLE ~~~. £~~ . NL COLC COLC

3 MIN 10.1 I.~ 15.3 0.3 0.2 0 1.0 0 27 2.1

30 N IH 1. 5 3.6 27.3 1 4 . ,  28.3 1.14 1.2 0 ~~~~ ‘ ).

I HR 0.11 14.2 12.1 b.11 s50.5 I I .  j 10.2 1.3 173.11 ?3.

14 HR 2.2 0.5 s .O O.k) 302.5 10.0 2~~ 4 . 14  3 142 .6 i 3 . I

HR 1.0 1.5 22.3 1.0 1106.? 3014.~ 23.~ 2t~ .j 14’)5.b 332.8

I ~ OBSER V A T I O N S  ON SUBMAND I BULAR NODES EACH VALUE IS TIlE MEAN DERIVED FROM

STUDY OF 3—) DIFFERENT NODES.

I
~ 

J.
~

- --- -~~~~~~~~~~~~~~~~~ - - -~~~~~~~~~
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TA8LE ib

THE ACCIJIULAT ION OF RADIOACTIV ITY (% OF TOTAL D!~ E INJECTED )

IN PER IPHERAL LYMPH NODES AFTER INFUS ING 3H-URIDINE LABELED

THORACIC DUCT LYMPHOC YTES DER IVED FR~4 COICHICINE TREATED RATS INTO NORMAL RECIPIENTS

NODAL UPTAKE OF RADIOACTIVITY I

HouRs AFTER TDL FROM 101 FRoM
CELL INFUSION COLCUICINC RATS NORMAL RATS

o.14o 1.96

2 0.43 3.80
14 0.50 5.60

8 0.78 8.3~
IS 3.115 12.04

I ~ EACH VALUE REPRESENTS MEAN DERIVED FROM STUDY OF 3—5 RATS.

- - ~~
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TABLE .7

THE ACCLt4ULATION OF RADIOACTIVITY IN ORGANS OF RATS INFUSED WITH 3H-URIOINE

LABELED LYMPHOCYTES ONE HOUR AFTER IP INJECTION WITh COLCHICINE1

C O L C HIC I N E  DOSE OF I MG/KG

TIME AFTER IN SPLEEN LIVER LUNGS GUT
INJECT ION

2 HR 0.61 5.5 18.3 ,5.7 5 . 1

11 HR 0.914 9.3 17.0 8.6 6.,

3 HR 2.23 10.3 111.3 3.14 7.7

214 HR 2. ,8 2.9 6.3 0.9 11.9

C O L C H IC I N E  Dosc or 0.5 MG ,’KG 
—

LN SPLEEN L I V E R  LUHGS Gui
2 HR 1.35 ~3.3 1 14 .1 9.1 1.95

14 HR ,.82 8.1 p3.8 11.o 2. 6,

8 HR 14. ,o 8. 1 i3.6 2.9 5. 143

24 HR 6.24 3.0 8.14 ~~., 2.9i

C O L C HIC I NC  DOSE OF 0., MG/KG
IN SPLEEN LIVER LUNGS GUT

2 HR 2.0 1 19 .1 7.5 13.3

4 HR 2.115 ~.6 3.9 ~.6 i2. i

0 HR 3.3i 7.6 5.8 2.6 ,o.11

214 HR 7.85 14.3 n.6 I .~4 2.6

SALINE ONLY IP
IN SPLEEN LIVER LuNGS GUT

2 HR 2.14 28.3 114.9 5.6 3.0

11 HR 1 4 . 1  214.5 6.2 .2 3.2

0 HR 7.3 p6.8 6.3 .14

213 HR 1 14.6 6.2 5 .1 0.8 6.’)

#
IN  EACH STUOY COLCH IC IN( WAS INJECTED ONE HOUR BEFORE AND 8 HOURS AFTER CELL

TRANSFUS ION TO M A I N T A I N  UNINTERRUPTED PHARMACOLOGIC EFFECTS DUE TO DRUG TURNOVER
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TABLE 16

THE ACCU4ULAT ION OF RADIOACTIVITY (% TOTAL D(~ E INJECTED) IN RAT ORGANS

214 HOURS AFTER INFUSING 300x lOb 3H-URIDINE LABELED LYMPHOCYTES TREATED WITH VINCRIST INE

% UPTAKE
Dost OF IN SPLEEN L I V E R  LUNGS GUT

VINCRIST INC

NONE ,13.97 16.01 11.03 1.72  6.2~
12.01 ,9.144 10.00 i.54 5.33

i7.83 ,2.20 1.69 11.77

9.88 15.28 10.31 .60 3.97

iO~~M 9.76 ,6.22 11.33 ~~~~ 11.~~6

1EAC$ VALUE MEAN DERIVED FROM STUDY OF 3—5 RATS.

--
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TABLE 19

CHEMOTACTI C RESPONSES OF D IFFERENT RAT LEUKOCYTE POPULATIONS

TO ENDOTOXIN -ACTIVATED SERLt’I

IYPE OF LYMPHOCYTE POPULATION DISTRIBUTION1 CHEMOTACTIC CHEMOTACTIC

BY STEM—LEAF PLOTTING INDEX (A/B) DIFFERENTIAL (A—B)

NORMAL TDL SHIFT TOWARDS 4 4.3 132 MICRONS

T—BLASTS SHIFT TOWARDS A 5.14 $ 130  MICRONS

B—BLASTS RANDOM , . 14  21 MICRON S

LYMPHOMA 8 RANDOM i.2 33 MICRONS

GRANU LOCY TES SHIFT TOWARDS A 6.9 i 280 MICRONS

MACR OPHAGES SHIFT TOWARDS A 14.0 i060 MICRONS

= CELL MOVEMENT FROM CENTER WELL TOWARDS OUTER WELL CONTAINING CHEMOTACTIC FACTOR

B CELL MIGRATION FROM CENTER WELL TOWARD INNER WELL CONTAINING CONTROL SOLUTION

-- 
~~~~~~~~~ 
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TABt.E 2O

CHEMOTACTIC RESPONSES OF NORMAL RAT THORA CIC DUCT LYMPHOCYTES (TDL) INCUBATED

WITH CON A AND THEN EXPOSED TO A GRADIENT (W ENDOTOXIN-ACTIVATED SERII.I

TYPE OF CELLS POPULATION DISTRI8UTION CHEMOTACTIC CHEMOTACTIC
8Y STEM—LEAF PLOTTING INDEX (A’n) DIFFERENTIAL (A—B)

NORMAL TDL S H I F T  TOWARDS A 14 .3 132 MICRONS

CON A-TDL AT 214 HOURS NO MOVEMENT 0 0

CON A-TDL AT 36 HOURS NO MOVEMENT 0 0

CON 4—101 AT HOURS SHIFT TOWARDS 4 6.8 1 390 MICRONS

_ 
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TA BLE 2,

THE IDENTITY OF THE LYMPHOC YT E CHEMOATTRACTANT IN ENDOTOXIN-ACT I VATED SERLIl

TYP E OF CELL Tv~c O~ POPULATION DISTR I BUTION CHEMOTACTIC CHEMOTACTIC

SERUM~ BY STEM—LEAF PLOTTI NG INDEX (A/B) DIFFERENTIAL (A-b)

GRAN ULOCYTES NS RANDOM 1 . 1  23 MICRONS

GRANULOCYTES ENS SHIFT TOWARDS A 6.9 1 280 MICRONS

GRANULO C Y T E S  HNS+E R A N D O M  s. 3 314 MICRONS

GRANULO CYT ES ENS4H SHIFT TOWARDS A 6.o 1210  MICRONS

GRANULO CYTES CVS+E RANDOM 0.9 —30 MICRONS

MACROPHAGES MS RANDOM i.0 0 M I C R O N S  
—

MACROPHAGES ENS SHIFT TOWARDS A 43.0 ~O6O MICRONS

MACROPHAGES HNS+E RANDOM i.3 30 MI C RO NS

MACROPHAGES ENS+H SHIFT TOWARDS A 4.1 1018 MICRONS

MACROPHAGES CVS+E RANDOM 1 . 1  i8 MICRONS

TDL 
— 

MS RANDOM 0.9 -i6 MICRONS

TDL ENS SHIFT TOWARDS A 14.3 132 MICRONS

TDL HNS+E RANDOM 1.1 213 MICRONS

TOL ENS+H SHIFT TOWARDS A 3.9 120 MICRONS

TDL CVS+E SHIFT  TOWARDS A 3.2 98 MICRONS

T—BLAS TS 11s RANDOM i.2 60 MICRONS

1—BLASTS ENS SHIFT TOWARDS A 5.13 1130 MICRONS

T—BLASTS HNS+E RANDOM 0.9 -116 MICRONS

T-BLASTS ENS+H SHIFT TOWARDS A 5.0 1080 MICRONS

1-BLASTS CVS+E SHIFT TOWARDS A 5.5 1166 MICRONS

MS = NORMAL RAT SERUM
ENS = ENDOTOXIN ACTIVATED NORMAL SERUM
HNS+E = NORMAL SERUM HEATED AT 560C FOR 20 MINUTES THEN TREATED W I T H  E N D O T O X I N

ENS+H = ENDOTOXIN ACTIVATED SERUM HEATED AT 56°C FOR 20 MINUTES BEFORE USE
CVS+E = SERUM FROM RATS DEPLETED OF C 1

3 — C’9 BY TREATMENT WITH COBRA VENOM FACTOR

AND ACTIVATED BY ENDOTOXIN

- -- ---- - - -~~ — -‘
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 22

THE ACCII4ULATION OF RAD IOACTIVITY (% DOSE I NJECTED) IN THE ORGANS OF V[NCM-TREAT ED RATS

AT SEQUENTIAL INTERVALS AFTER INFUSING 300x 106 3H-URIDINE LABELED LYMPHOCYT[S

% UPTAKE IN VENOM—TREATED RATS

TIME AFT ER LN SPLEEN L I V E R  LUNGS G~ r
I NJECT ION

2 MR 3.59 25.i9 9.99 7.33 ~.19

14 HR 13.09 18.37 8.25 ).I0

~ HR 2.o2 17.92 5.16 2.36

2~. HR 9.89 ~.713 14 .22 0.914

~ UPTAKE IN SALINE—TREATED CONTROLS

IN SPLEEN LIVER LUNGS GUT
2 HR 3)47 p8.8, 7.12 9.21 2.55

14 
~~~~~~~~~ 

20.83 6.62 2.93 14 .8~

0 MR 6.65 16.33 5.29 2.3~ 14.110

214 liP ,O.,2 6.01 14.75 0.95 ‘).14I

‘EACH VAL UE = MEAN DERIVED FROM STUDY OF 2—3 RATS.

-_ --
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TABLE 23

CQlPAR ISON OF THE CHEMOTACTIC RESPONSES~ OF RAT LEUK OCYTES

TO OTHER KNOvIN CHEMOTACTIC FACTORS

TYP E OF CELL E.C0LI CULTURE SUPERNATANTS FROM CHEMOTACTIC~
FILTRATE A23 1 87—TREATED TR IPEPTIDE OF

SorrY COAT CELLS S C H I F F MA N

GRA NULOCYTES + + +

~ A C R O PHA~.(S 0 +

TDL 0 0 0

T - B L A S T S  0 0 0 
-

S-BLAS TS 0 0 0

LYM PHONA C 0 0 0

+ = CHEMOTACTIC INDEX or 2 OR MORE A N D - O R  CHEMOTACTIC D I F F E R E N T I A L  OF tOO OF~ MORE MICRONS .

* = E MFT— L EU— PHE AT C O N C E N T R A T I O N S  R A N C . I N G  FROM I0~~ — IO
IO
M .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

____________ 
-
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TABLE 213

THE ABILITY OF LYMPHOCYTES TO SECRETE FACTORS CAUS ING

D IRECT IONAL MIGRAT ION OF OTHER LYMPHOID SUBPOPULATIONS

M I G R A T I N G  CELL SOURCE OF DIRECTIONAL MOVEMENT CHEMOTAC IIC CHEM OIACTIC

C L L  TYl’( CIIEMOTACTIC STIMUL US INDEX DII  c I : R E NT I A L

B— OIA ST5 B—ULASTS RANDOM 1 . 1  30 u

T- LILASTS B-BLASTS TOWARDS B CELLS 3.~
TOL B — B L A S T S  RAN DOM 0.9 - I I~ u

U’ o B—BLA STS RANDOM I.;~ 614 u

- I L A  T~ T — U L A S T S  RANDOM o.~
_ 

— 44- u

T—I ’ t . A ST T — O L A S T S  RANDOM I .0 ~0

TDL 1—BLASTS RANDOM I • I It ’  U

Lv ~~
- T—HLASTS RANDOM ,.3 7? II

B—BLASTS TDL RANDOM I • I I U

T - H LA ST S  TDL RANDOM 0. -56 1

TDL TDL RANDOM ,.0 I? U

LY 8 TDL RANDOM 0.7 -3i~ L
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TABLE 25

CCNPARISOP4 OF REGIONAL AND CONTRALATERAL AX ILLARY LYMPH NODE WEIGHTS IN

RATS INJECTED SQ WITH C~I4PLET( FREUND’S ADJLNANT

DAYS AFTER REGIONAL CONTRALATERAL
CFA INJECTION MEAN RANGE MEAN RANGE

0 18 (16—21) 17 (111-21)

I 38 (214-65) 2u (13-28)

3 14 , (30-56 ) 2 1 (111-25)

7 53 (28-90) 25 (15-33 )

14 (26-63 ) 23 (11-30)

28 38 (26-58 ) 23 (13-28)

56 314 (29-142) 213 (~8-27)

EACH PO I NT REPRESENTS THE MEAN OF iO RATS STUDIED.
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TABLE 26 
—

PERIPHERAL LYMPHATIC TISSUE WEIGHT AT SEQUENTIAL INTERVALS

AFTER CHALLENGE WITH VEC IN C(I4PLETE CIA

CIA INJECTED RATS 4’ S A L I N E  INJ E C T E D  CONTROLS 4’

DAYS AF TER LYMPH MODE WT SPLEEN WT LYMPIl Nooc WT S I LL EN  WI
INJ E C T I O N

0 760 ~i52 1~

I 85(

3 7t’2 1157 --—

7 ~~2 521; 01 ‘)I

113 551

) •
~ 13433 744 I~
)tl I I  ( 1 )19 I ~33

I = EACH VALUE REPRESENTS MEAN DERIVED FROM THE STUDY OF 10 RATS.

______________________ 
- --- - - -~~
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TABLE 27 6

SEQUENTIAL CHANGES IN I AND B-CELL ZONES OF REGIONAL LYM PH NODES AFTER

• II4IUNIZATION WITH VEE IN COMPLETE FREUND’S ADJUVANT4’

DAVS AFTER LYMPH NODE CORTICAL AREA % OF TOTAL NODE % OF T O T A L  NODE C O R T I C A L  GC W E I ;ii 1
— CIIAL LCNGE WE I GHT (14G) ov PLANIMETRY COMPOSED BY COMPOSED ~ Y GC W EIUH T (MG)

CORTEX (M G)

MEAN ~ SD ME AN ~ SD MEAN SD MEAN t SD MEAN MEAN

0 I~~ 
± 3.3 2.3 ± 0.9 56.5 ± 14.0 2.0 ~ 1. 1  IO.I ( 0.36

I 3~ 
± 14.2 2.7 ± I. ~6 ~ 7.5 2.2 ± t.3 2I.?~

3 ± 5.14 14.5 ± i .i  o4 ~ 6.0 2.9 ± I.~~~I 32.2)4 1.1 9

1 53 ~ u.7 5.b ± O.o 70 ± 13)4 2.3 ~ 2.r 37.~ 0 1.2?

44~ 3.8 ± 1.9 65 ± 9.t> 3.11 ± 3.5 30 .55 i t O

33 ~ ~.‘ 3.5 ~ 1.7 70 ~ 7.5 ~.7 ~ 14 .3 ?t’ .6O

344 ± 13 .2

= EA CH V A L U E  REPRESENTS THE MEAN DERIVED FROM STUDY OF 6~
(
~ RATS .

4
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TABLE 28

SIJ44ARY OF THE RADIOKINETIC AND MORPHOLOGIC CHANGES A PPEAR ING IN REGIONAL

NODES DRAINING INJECTION SITES OF VEE VACCIN [ IN CIA
h

DA Y AF TER MEAN Nooc LMI# 11* LYMPHOCYTI GRANULOMA CORTICAL MEDULLARY

CHALLENGE WEIGHI (MG) (MEAN) (MEAN) “PLUGS ” FORMAT ION MASS (MG) MASS (HG)

0 18 0.72 0.94 0 0 10.2

38 i.20 1 .86 0 21.3 15.8

3 141 ~.24 3.03 ++ 0 32.2 7.t’

7 53 ,.32 2.211 ++ 0 37. 1  144 .7

144 
~1 1. 114 3.23 + + 30.o 1 4 4 $ ’

I ~~ 1.63 + + 20.11 (1 .3
+

3’~ 
-- I.I(  — + —- --

0 = = 
NUMBER OF M I G R A T I N G _ LYMPHO CYTES 

COUN TED IN H I S T O L O G I C  S E C T I O N S .
NUMO ER OF E N OO T H I L I AL  CELLS

* = = 
TOTAL DRl IN REGIONAL NOD ( 

AT 244 HOURS A FTER INrUSIN G 3x IO~ 
3H— URIOI N I

TOTAL DPl IN CONTHALATERAL NODE

LA &) LL CD TDL CELLS ~V.

I

_ -  _ _
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TABLE 29

COMPAR ISON OF THE ACCIJ4UIATION OF RAD IOACTIVITY IN AX ILLARY LYMPH NODES AFTER

INJECTING 3H-URIDINE LABELED LYMPHOCYTES INTO CIA TREATED RATS

DAYS AFTER REGIONAL NODE 
C~~~

A
~~~

ING I NDEX CONTRA LA T E R A L  NODE
CIA INJECTION UPTAKE (% OF TOTAL DOSE) ( /cr4’4 IN CP4 ) UPTAKE (% TOTAL DOSE)

0 .31 .943 .33

.65 .86 .35

3 1 .15 3.03 .36

.85 2.244 .35
I~4 1 .1 5 3.23 .440

2~ .52 1 .63 .3?

.314 1 .1 7 .29

_____________________________________________________________________ ______ _____ 

I
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TABLE 30 H
COMPARISON OF THE ACCU4ULATION OF RADIOACTIVITY IN THE TOTAL

MASS OF ORGANIZED LYMPHATIC TISSUE 01 CIA-TREATED RATS #

DAYS AFTER LYMPH NoDE UPTA I~L + SPLEE N UI’TAKL

CIA INJ ECT ION (% OF DOSE I N J E C T E D )  (% OF DOSE INJECTED)

MEAN ( R A N~ .1 ) P lA N  (~~a NGE )

0 13 .  I ( ,2— i44 . )  (3—i)

I 12.5 (12—1 3 ) ~~~~~~ (~~_ 3)

3 I 1.5 (iO—i?. ~~) .LI  ( 5 — .6)

7 9.1 (i-,o.5) ( . 1  (o-7.’,)

* 1 3 . 1  ( Ii-  1 4 4 . f )  .44 (s-tI )

2~ 12.2 (I ‘- .
~~) 13 .3 (14. I-~~.O)

9.3 (i- i I) 2.5 (
~~- 3)

O = EACH VALUE REPRESENTS THE MEAN DERIVED FROM THE STUDY OF 3-5 RATS.

+ = ALL VA LUES REPRESENT THE TOTAL UPTAKE AT 24 HOURS POST-TRANSFUSION W I T H
LABELED LYMPHOCYTES.
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TABLE 3*

THE EFFECTS OF ADJUVANTS UPON ANTIBODY RESPONSES TO VEE VACCINE

PLAQUE N E U T R A L I Z A T I O N  T I T E R S
TYP E OF IMMUNIZAT ION

RAT PROCEDURE 2 WKS 44 w,s 6 w~~ 8 i2 WKS 20 W KS

NORMAL VEE X 106 557 1303 644o 320 30
SD t .O 2.i ,.0 s. i I. ’i 1 . 1
SE 0.0032 0.0067 0.033 0.033 o.o13$ 0.03?

THYMEX 
- 

WE 1 ~~i7b 11463 ~~22 ~~O 277 
— —

SD ~.0 1.7 3.1 ).0 1 3 . 1  3.?
—~~~~~~~~~~~~~ SE 0.0032 O.O05~4 O.0097 O.O !~

) O.OI1 O.0I
~

~4O RMA . VEE ~ 3378 6629 5090 3599 3578 5t0
+ SD 1.0 .2 .3 L5 ~.11 2.1

CIA SE 0.0032 0.0037 0.013, O.OI~j, 0.0,35 0.0I50

THYMEX VEE ~ 13, 195 i5,229 6830 7607 5072 I 7UO
+ SD I .0 I • I I • I I • I I .2 .44

__________  
CEA SE O.o0~? 0.003>4 O.00~~~~~~O.OO~14 0.0036 0 .0 ,44 )

NORMAL VEE ~ 844 422 320 320 1814 I I(’
INTO SD 1 . 1  3.8 2.0 2.7 ~~~

_ _ _ _  - 
THYMUS SE 0.0036 0.0,20 O.00b2 O.~~~~~~~~O.OO6 t 0.00J2

NORMAL VEE ~ 320 I59 35 2u I f - 10
+ SD 2.0 3.5 2.5 1.6 1. 14  --

DIGITONIN SE 0.0062 0.0i03 O.OO~7$ O.00449 
______  ___

THYMEX VEE ~ 80 iOb 80 139 61 83
+ SD 1.6 2.0 2.43 2.6 2.9 2.3

DIGITONIN SE 0.0162 o.oo613 0.0076 0.0082 0.0092 0.0066 
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SHEDD I NG AND ENDOCYTOSIS. HOWEVER , WHEN SUCH CELLS ARE TRANSFUSED INTO NORMAL

RECIPIENTS , THE SURFACE LIGANOS ARE STRIPPED FROM THE LYMPHOCYTE MEMBRANE AS

THESE CELLS EMIGRATE ACROSS ICY WALLS BY SELECTIVE , SEGMENTAL PHAGOCYT IC

ACTIVITY OF THE ADJACENT ENDOTHELIAL CELLS. THESE OBSERVATIONS SUGGEST THAT A

MAJOR PHYS I OLOGIC FUNCT I ON OF HIGH (NDOTMELIAL CELLS IS TO “S C R U B ” THE SURFACES

OF EM I GRATING LYMPHOCYTES AND REMOVE ADSORBED PROTEINS OR IRRELEVANT ANT IGENS

BEFORE THE LYMPHOCYTES ENTER THE NODAL PARENC NYMA WHERE THE C R I T I C A L  SEQUENCE

OF ANTIGEN RECOGNITION AND CELLULAR COLLABORATION OCCUR. RELATED STUDIES WITH

COLCMIC IN( AND THE CYTOCHALASINS PROVIDE THE FIRST EVIDENCE INDICATING THAT THE

SURFACE RECOGNITION MECHANISMS RE QUIRED FOR LYMPHOCYTE “HO M I N G ” INTO 14EV ARE
LINKED TO THE CYTOSKELETON THROUGH TRANSMEMBRANE RESTRA I NTS. POSTULATES THAT

THE ENTRY AND SUBSEQUENT REDISTR I BUTION OF LYMPHOCYTE SUBPOPULATIONS INTO

DIFFERENT ZONES WITHIN LYMPH 1400(5 MAY BE CONTROLLED BY CH(MOTAXIS ARE SUPPORTED

BY DEMONSTRATIONS THAT: LYMPHOCYTES EX H I B I T  TRUE CHEMOTACTIC RESPONSES IN VITRO

SELECTIVE LYMPHOCYTE CHEMOATYRACTANTS ARE GENERATED BY ENDOTOXIN A C T I V A T I O N

OF SERUM DEPLETED OF C~3 — C’9 BY TREATMENT WITH COBRA VENOM FACTOR , AND THAT
LYMPHOCYTE SUBCLASSES DISPLAY DIRECT IONAL MIGRATION TO DIFFERENT CHEMOTACTIC

AGENTS (I.E.: B—BLASTS ELABORATE FACTORS WHICH ATTRACT 1—BLASTS).

STUDIES ON THE POTENTIATION OF IMMUNE RESPONSES TO VEE VACCINE BY

COMPLETE FREUNO ’S ADJUVANT INDICATE THAT AGENT CAUSES PROLONGED LYMPHOCYTE

TRAPPING AND GRANULOMA FORMATION IN THE REGIONAL NODE CONSISTENT WITH RE
STIMULATION WHICH ARE FOLLOWED BY NODAL ENLARGEMENT BY PROMINENT GERMINAL

CENTERS AND EXPANDED MEDULLARY CORDS. Or EQUAL INTEREST ARE DEMONSTRATIONS

THAT THYMECTOMY PR I OR TO CHALLENGE WITH VEC VACCINE ALONE OR IN COMBINATION

WITH ADJUVANTS RESULTS IN GREATER AND MORE PROLONGED ANT I BODY RESPONSES THAN

ARE SEEN BY COMPARABLE IMMUNIZATION OF INTACT ANIMALS. THESE RESULTS SUGGEST

THAT THE ABROGAT ION OF T CELL SUPPRESSOR EFFECTS MAY PROVIDE ANOTHER MEANS

FOR AUGMENT I NG IMMUNE RESPONSES INDUCED BY V A C C I N E S  AND A D J U V A N T S .
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