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SUMMARY

THIS REPORT PRESENTS THE PROGRESS ON RESEARCH SUPPORTED BY THE
CoNTRACT DAMD 17-74-C-4095 ourinG THE FiscaL vear 1978.% MorproLoGIC,
IMMUNOLOGIC AND RADIOKINETIC STUDIES MAVE BEEN CARRIED OUT TO PROVIDE
NEW INSIGHT INTO THE BIOREGULATION OF LYMPHOCYTE TRAFFIC IN NORMAL ANIMALS
AND HOW THIS MAY BE MODIFIED BY ADJUVANTS TO POTENTlATﬁAJMMUN€)QESPONsEs
TO VACCINES. THE MEMBRANE DETERMINANTS OF LYMPHOCYTE '"HOMING' ARE ANALYZED
AND EVIDENCE IS PRESENTED FOR THE CYTOSKELETAL CONTROL OF . THESE CELLULAR
INTERACTIONS. DATA ARE PRESENTED SUPPORTING THE CONCEPT THAT "SCRUBBING"

OF LYMPHOCYTE SURFACES BY HIGH ENDOTHELIAL CELLS MAY BE AN IMPORTANT BUT
PREVIOUSLY UNRECOGNIZED PHENOMENON FOR THE SUCCESSFUL INITIATION OF IN VIVO
IMMUNE RESPONSES. THE POSSIBLE ROLE OF CHEMOTAXIS IN REGULATING THE ENTRY
AND REDISTRIBUTION 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 INITIATED BY
VACCINE IN ADJUVANT.
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FOREWARD

THIS ANNUAL PROGRESS REPORT IS A SUMMARY OF THE RESEARCH ACTIVITIES
CARRIED OUT By NorMan D. Anpersom, M.D. (PriNciPAL INVESTIGATOR), RoBERT
G. HorrMan, B.S. anp Stepnen C. Poncwuk, B.S. (AssociaTe INVESTIGATORS)

AT THE JonNs HorkiINs UNIVERSITY ScHOOL OF MEDICINE, BaLTiMORE, MaRYLA NO.
TH1IS WORK WAS SUPPORTED BY CONTRACT DAMD 17-74-C-4095 ano conpucTED UNDER

ProJecT 3A762760A834-02-921, "PREVENTION AND TREATMENT OF BioLoGiC AGENT
CasuaLTies”. T The

IN CONDUCTING THIS RESEARCH, THE INVESTIGATORS ADHERED TO THE "GuIDE
FOR LABORATORY ANIMAL FACILITIES AND CARE"”, AS PROMULGATED 8Y THE COoMMITTEE
ON THE GuiDoE FOR LABORATORY ANIMAL RESOURCES, NATIONAL ACADEMY OF SCIENCES,
NationaL ResearcH Councit.
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a) Rescarcw OBUECTIVES., THE GOALS OF THIS RESEARCH ARE TO DEF INE
THE BIOLOGICAL MECNANISMS REGULATING IMMUNE RESPONSES IN VIVO AND TO
UTILIZE THIS INFORMATION IN DEVELOPING NEW ADJUVANTYS FOR POTENTIATING (MMUNE
RESPONSES TO MARGINAL VACCINES.

8) BACKGROUND INFORMATION. THERE IS CONVINCING EVIDENCE THAY
SUCCESSFUL INITIATION OF IMMUNE RESPONSES YO MOST ANTIGENS OEPENDS UPON A&
COMPLEX SEQUENCE OF: ANTIGEN PRESENTATION; COLLABORATION BETWEEN T-
LYMPNOCYTES, B‘LVNFNOC"(S AND MACROPHAGFS; CELLULAR PROLIFERATION,
DIFFERENTIATION AND MOBILIZATION WHICH - 4ODULATED BY SUPPRESSOR CELLS,
SPECIFIC ANTIBODY ANO LOCAL MICROENVIRO (NTAL CHNANGES INDUCED 8Y THE
RELEASE OF LYMPHOKINES AND MACROPHAGE PROOUCTS (1, 2, 3, 9). Since Tne
EFFECTIVE USE OF ADJUVANTS DEPENDS UPON THE APPROPRIATE MANIPULATION OF
ONE OR MORE OF THMESE EVENTS IN vivo (3], precise oeriniTION OF ThE
MECHAN ISMS REGULATING UNMODtFIED IMMUNE RESPONSES REMAINS AS A PREREQUISITE
FOR UNDERSTANDING ADJUVANT=INDUCED IMMUNOPOTENT tATION.

PREVIOUS STUDIES HAVE ESTABLISHED THAT ORGANIZED LYMPHATIC TISSUE,
WITH ITS COMPLEX CELLULAR POPULATIONS, RETICULAR MESHWORK, LYMPHATIC AND
VASCULAR CONNECTIONS PROVIDES AN EFFICIENT LOCUS FOR FACILITATING IN VIVO
IMMUNE RESPONSES. THERE 1S AMPLE EVIDENCE INDICATING THAT ANTIGENS
ENTERING THROUGH LYMPHATICS ARE EFFECTIVELY BOUND AND CONCENTRATED WITHIN
REGIONAL LYMPN NODES WHICH FUNCTION AS STATIONARY FILTERS SET ASTRIDE THE
LYMPHATIC NETWORK. SINCE THERE ARE ONLY 103 = 105 LyMPHOCYTES CAPABLE OF
REACTING WITH A GIVEN ANTIGEN IN UNPRIMED ANIMALS, RANDOM MOVEMENT OF
THESE CELLS THROUGH THE BOOY WOULD B€ QUITE UNLIKELY TO YIELD THE CMANCE
ENCOUNTER NECESSARY FOR IMMUNE RECOGNITION. THIS IS CLEARLY NOT THE CASE
IN MIGHER ANIMALS AS GOwANs (4) AND OTMERS MAVE ESTABLISHED THAT
IMMUNOCOMPETENT T&B LYMPHOCYTES EXHIBIT A PREFERENTIAL HOMING INSTINCT
. FOR LYMPHOID ORGANS ANO CONTINUALLY PERCOLATE TNROUGN TNESE ANTIGEN=BINDING
FILTERS AS THEY RECIRCULATE BETWEEN BLOOD AND LYMPH. THIS SELECTIVE
LYMPHOCYTE TRAFFIC PROVIDES A HIGHLY EFFICIENT MEANS OF IMMUNOSURVE ILLANCE
AND CAN BE REGARDED AS ONE OF THE CRITICAL STEPS IN INITIATING IMMUNE
REACTIONS (N VIVO. IN ATTEMPTS TO RESOLVE SOME OF THE MECHANISMS WHICH
REGULATE LYMPHOCYTE RECIRCULATION OUR PREVIOUS FROGRESS REPORTS HWAVE:
| (1) PROVIDED THE FIRST DETAILED DESCRIPTIONS OF THE LYMPH NODE MICRO-
| VASCULATURE AND THE LOCAL MEMODYNAMIC CONTROL MECHANISMS WHICH REGULATE
THE INITIAL DISTRIBUTION OF BLOOD-BORNE LYMPNOCYTES WITHIN LYMPN NODES;
2) ODEFINED THE ROUTE FOLLOWED BY LYMPHOCYTES MIGRATING ACROSS HEV wallLs;
3) DEMONSTRATED THAT THESE INTERCELLULAR SPACES THROUGH WMICH LYMPHOCYTES
EMIGRATE FUNCTION AS ANATOMICAL COMMUNICAT(ONS BETWEEN LYMPH AND 8LOOD
PERMITT ING MACROMOLECULAR TRACERS TO FLOW FROM THE NODE ACROSS THE HEV
WALL INTO THE VENULAR LuMENS; (4) PROVIDED MORPHOLOGIC DATA INDICATING
THAT LYMPHOCYTES ACTIVELY MIGRATE THROUGH THESE SPACES SHOWING DIRECTIONAL
MOVEMENT FROM THE VENULAR LUMEN INTO THE NODAL PARENCHYMA; (5) pocumented
THAT SELECTIVE ATTACHMENT OF LYMPNMOCYTES UPON HEV SURFACES 1S MEDIATED BY
SPECIALIZED MICROVILLUS PROJECTIONS WHICH INTERDIGITATE WITH PITS ON THE
ENDOTHEL 1AL SURFACE; (6) DEMONSTRATED THAT MEPARIN AND OTHER SURFACE=-
ACTIVE AGENTS CAN PREVENT OR BLOCK TH!S SELECTIVE SURFACE RECOGNITION,

THESE FINDINGS NAVE NOW BEEN COMPLEMENTED BY STUDIES DEMONSTRATING
THAT SURFACE LIGANDS CAN ALTER THE LYMPwocYTe surract (Prosect 1) ano
BLOCK LYMPHOCYTE TRAFFIC IN VIVO (ProvecT 2). FURTHER, WE WAVE FOUND
THAT THESE SURFACE RECOGNITION MECHANISMS ARE SUBJECTED TO CYTOSKELETAL
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CONTROL THROUGH TRANSMEMBRANE RESTRAINTS. (ProJuecT 4). OuR RECENT STuDIES
ALSO SUGGEST THAT MIGN ENDOTHELIAL CELLS IN LYMPH NODES MAVE SPECIALIZED
PMAGOCYTIC CAPABILITIES NOT SEEN IN OTHER VESSELS WHMICH SERVE TO "scrus"
SURFACE LIGANDS AND ADSORBED PROTE INS FROM THE SURFACES OF EMIGRATING
LympuocYTES (ProJECT 3). DATA DESCRIBED IN PROJECT 5 PROVIDES AN IN VITRO
MODEL WHICH APPEARS TO BE QUITE USEFUL IN STUDYING THE ROLE OF CHEMOTAXIS
IN REGULATING LYMPHOCYTE TRAFFIC IN PERIPHERAL NODES. OUR PREVIOUS
OBSERVATIONS THAT CHEMICALLY DISPARATE ADJUVANTS SMARE TME COMMON B810LOGIC
PROPERTY OF AUGMENTING CELLULAR TRAFFIC INTO REGIONAL NODES, HAVE NOW BEEN
EXPANDED TO INCLUDE DETAILED OBSERVATIONS ON THE MECHANISMS OF IMMUNO=
POTENTIATION BY COMPLETE FREUND'S ADJUVANT AND HOW THIS TFFECT CAN BE
ENHANCED By THYMECTOMY (PROJECT ). WHEN ALL OF THESE RESULTS ARE COMBINED,
THEY CERTAINLY SUGGEST THAT THERE ARE SEVERAL BIOLOGICAL MECHANISMS WHICH
CAN BE MANIPULATED BY EXISTING METHOOOLOGIES WHICH COULD BE OF REAL
INTEREST IN ACHIEVING IMMUNOPOTENTIATION TO MARGINAL VACCINES.

PROJECT 1: Twue LympnocYTE GLycocALYX ANO ITS MODIFICATION BY SURFACE LIGANDS.

THE PRECISE MECHANISMS RESPONSIBLE FOR THE SELECTIVE ATTACHMENT
OF RECIRCULATING LYMPNOCYTES TO HEV SURFACES ARE STILL CONTROVERSIAL. SINCE
GESNER AND WOODRUFF (1969) FOUND THAT TREATMENT WITH DILUTE TRYPSIN COULD
PREVENT LYMPHOCYTES FROM RECIRCULATING THROUGH PERIPHERAL NODES, IT MAS
BEEN GENERALLY ASSUMED THAT SURFACE GLYCOPROTEINS MEOIATE THE SELECTIVE
INTERACTIONS WITH HEV. WHILE THIS PREMISE MAY BE CORRECT, OTHER INVESTIGATORS
(SiNGER, 1975) HAVE STATED THAT SUCH FINDINGS CAN HARDLY BE CONSIDERED AS
CONVINCING EVIDENCE FOR GLYCOPROTEINS SERVING AS SURFACE RECOGNITION
MECHANISMS AS THERE (S AMPLE PROQGF THAT PROTEASE TREATMENT CAUSES MANY
MODIFICATIONS IN THE LYMPHOCYTE SURFACE SUCH AS CHANGES IN ZETA POTENTIAL,
ALTERED CHARGE DISTRIBUTION AND RELEASE OF SURFACE RECEPTORS FROM PERIPHERAL
TRANSMEMBRANE RESTRAINTS. THESE CRITICISMS MAVE BEEN ANSWERED, IN PART, 8Y
OBSERVAT IONS OESCRIBED IN OUR PREVIOUS PROGRESS REPORTS WHICH DEMONSTRATED .
THAT: (1) DILUTE TRYPSIN COULD ALSO DISLODGE ADMERENT LYMPHOCYTES FROM
HEV WHICH SUGGESTED THAT THME SAME PROTEASE SENSITIVE SURFACE CONSTITUENTS
WERE RESPONSIBLE FOR RECOGNITION AND ATTACHMENT, AND (2) OUR ULTRASTRUCTURAL
OBSERVATIONS WHICH SHOWED TMAT LYMPHOCYTES ATTACHED TOo HEV THROUGH viLLus
PROJECTIONS WHICH INTERDIGITATED WITH FOCAL SURFACE DEPRESSIONS ON THE
ENDCTHEL IAL CELLS AND WHEN SURFACE COAT OLIGOSACCHARIDES WERE PRESERVED BY
SPECIAL FIXATION TECHNIQUES, A FIBRILLAR ARRAY OF ELECTRON DENSE MATERIAL
WAS SEEN BRIDGING THE INTRAMEMBRANOUS GAPS WITHIN THESE CONTACT POINTS.
AS THMESE MORPHOLOGIC FINDINGS PROVIDE THE BEST AVAILABLE EVIDENCE
SUGGESTING THAT LYMPHOCYTE ATTACHMENT TO HEV SURFACES MAY BE DEPENDENT
UPON SURFACE COAT INTERACTIONS, WE MAVE INITIATED STUDIES TO BETTER
CHARACTERIZE THE OUTER STRUCTURE OF LYMPHOCYTE MEMBRANES.

OTHER INVESTIGATORS HAVE EMPLOYED SELECTIVE STAINING TECHNIQUES
TO DEFINE A GLYCOPROTEIN=RICH SURFACE COAT EXTERNAL ) ) THE PLASMA MEMBRANE
IN A WIDE VARIETY OF CELL TYPES WHICH NAS BEEN POSTULATED TO PLAY IMPORTANY
ROLES IN CELLULAR RECOGNITION, DIFFERENTIATION, CONTACT INNIBITION, ETC.
IN VIEW OF RECENT BIOCHEMICAL STUDIES OF MEMBRANE COMPOSITION, THESE
STAINING PROCEDURES PROBABLY DEFINE COMPLEX POLYSACCMARIDES, PROTEOGLYCANS
AND GLYCOPROTEINS WHICH ARE ANCHORED TO THE PLASMA MEMBRANE THROUGH
HYDROPHOBIC "TAILS" IMBEDDED IN THE LIPID BILAYER AS WELL AS PERIPHERAL
MEMBRANE CARBOMYDRATES WHICH ARE LINKED TO INTEGRAL COMPONENTS BY NYDROGEN
BOND ING, SALT BRIDGES OR OTHER FORCES. THE INTERACTIONS OF CATIONIC
DYES OR SPECIFIC LIGANDS WITH THESE SURFACE CARBOMYDRATES PROVIDES A UNIQUE
OPPORTUNITY TO STUDY OUTER MEMBRANE STRUCTURE AND 1TS PUTATIVE LINKAGE TO




3

THE LYM?MOCYTE CYTOSKELETON DY ULTRASTRUCTURAL TECHNIQUES.

WE ARE CURRENTLY CARRYING OUT SUCH STUDIES IN COLLABORATION
WiTH MAJOR ARTHUR ANDERSON AT USAMRIID USING 4 DIFFERENT AGENTS WHICH
REACT WITH LYMPHOCYTE MEMBRANES. THE RESULTS OF THESE EXPERIMENTS ARE
DETAILED BELOW.

a) RUTHENIUM RED.  THORACIC DUCT LYMPHOCYTES WERE COLLECTED
FROM BOLLMAN-TYPE FISTULAS IN NORMAL LEWIS RATS. AFTER WASHING ONCE,
THESE CELLS WERE DIVIDED INTO 2 SAMPLES. ONE ALIQUOT WAS ADDED DIRECTLY
TO PHOSPHATE-BUFFERED 3% GLUTARALDENYDE CONTAINING 0.05% RUTHENIUM RED
ANO PROCESSED FOR ELECTRON MICROSCOPY. THE REMAINING CELLS WERE
INCUBATED IN CULTURE MEDIUM CONTAINING 0,058 RUTHENIUM RED FOR 10 MINUTES
AT 37°C, WASNED, AND CULTURED IN M=199 SUPPLEMENTED WiTH 108 RAT SERUM.
AT SEQUENTIAL TIME INTERVALS RANGING FROM 2 MINUTES TO 24 woums,
REPRESENTAT IVE CULTURES WERE MARVESTED, WASNED AND FIXED IN PHOSPMATE-
BUFFERED GLUTARALDEMYDE. THE RESULTS OF THESE STUDIES MAVE SHOWN THAT
THE ADDITION OF RUTHENIUM RED DURING FIXATION RESULTED IN THE LYMPHOCYTES
BEING COVERED BY A THIN LAYER OF ELECTRON DENSE MATERIAL MEASURING
90 - 270A° IN THICKNESS WHICH SURROUNDED THE ENTIRE PERIPHERY OF MOST CELLS.
IN A FEW LYMPHOCYTES THIS LAYER WAS INTERRUPTED IN SOME POINTS BY GAPS OF
UNLABELED MEMBRANE WHICH CORRESPONDED TO PROTRUSIONS OR MICROVILLIe THiIS
RATHER UNIFORM STAINING OF THE LYMPHOCYTE GLYCOCALYX WITH RUTHENIUM RED
CHANGED ORAMATICALLY IF TNE CELLS WERE CULTURED PRIOR TO FiXxaTioN. CeLts
FROM THE 2=10 MINUTE CULTURES SHOWED THAT THE RUTHENIUM RED-STAINED
GLYCOCALYX WAS NOW BROKEN UP INTO A FUZ2XY, UNEVEN LAYER INTERSPERSED
BETWEEN LARGE SEGMENTS OF UNSTAINED MEMBRANE. By 30 MINUTES, VIRTUALLY
ALL LYMPHOCYTES DISPLAYED RUTHENIUM=RED GLYOCALYCEAL COMPLEXES CONCENTRATED
AS A BROAD CAP OVER THE UROPOD, WHILE OUR STUDIES ON THE SUBSEQUENT FATE
AND RATE OF CLEARING OF THESE MEMBRANE CAPS ARE STILL IN PROGRESS,
PREL IMINARY OBSERVATIONS SUGGEST THAT THE RUTHENIUM=RED TRACER 1S SLOWLY
CLEARED FROM THE LYMPHOCYTE CAP BY ENDOCYTOSIS AND SMEDDING OVER THE NEXT
4-6 HOouRs. EQUALLY INTERESTING WERE OBSERVATIONS THAT THIS SEQUENTIAL
PROGRESSION FROM DIFFUSE COATING TO PATCH AND FINALLY CAP FORMATION
WERE PARALLELED BY CYTOSKELETAL CHANGES. IN LYMPHOCYTES WHERE THE
GLYCOCALYX WAS STAINED DURING FIXATION, A NETWORK OF TNIN MICROF ILAMENTS
WAS SEEN EVENLY DISTRIBUTED IN THE PERIPHERAL CYTOPLASM JUST BENEATH THE
PLASMALEMMA. WHEN THE CELLS WERE FIXED AT 10 MINUTES AFTER EXPOSURE YO
RUTHENIUM RED, THICKER LAYERS OF THE SUBMEMBRANOUS MICROFILAMENTS WERE
SEEN BENEATH THE SURFACE PATCMES WHILE THE OELICATE NETWORK OF SUBPLASMALEMMAL
MICROF ILAMENTS APPEARED UNALTERED BENEATH THE INTERVENING SEGMENTS OF
MEMBRANE DEVOID OF SURFACE STAINING. WHEN CAP FORMATION APPEARED AFTER
30 MINUTES, WIDE BUNDLES OF MICROFILAMENTS WERE FOUND CONCENTRATED WITHIN
THE UROPOD IN A DEEPER LOCATION EXTENDING FROM THE GOLG! REGION TOWARDS
THE CAPPED MEMBRANE. THIS COMPLEMENTARY REDISTRIBUTION OF CYTOPLASMIC
MICROF ILAMENTS AS RUTHENIUM RED PATCHES AND CAPS ON 1.'E LYMPHOCYTE SURFACE
CERTAINLY SUGGESTS THAT AT LEAST SOME PORTIONS OF THE LYMPHOCYTE GLYCOCALYX
ARE LINKED THROUGH THE MEMBRANE TO THE CYTOSKELETON. THIS CONCEPT NAS
BEEN DIRECTLY APPLIED TO IN VIVO CELL TRAFFIC IN STUDIES DESCRIBED IN
LATER SECTIONS OF THIS REPORT WHERE PHARMACOLOGIC AGENTS WHICH DISRUPT
THE CYTOSKELETON ARE SHOWN TO BLOCK LYMPHOCYTE ENTRY INTO PERIPHERAL NODES.

8) ALcIAN BLuE.  THE SAME GENERAL EXPERIMENTAL DESIGN
DESCRIBED ABOVE MAS AEEN FOLLOWED IN USING ALCIAN 8LUE OYE TO STAIN TNE
LYMPHOCYTE GLYCOCALYX. WHILE COMPARABLE CONCENTRATIONS OF THIS DYE
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(0.5 = 0.05%) CAUSED OVERT CYTOTOXICITY READILY DEMONSTRATED BY TRYPAN
BLUE EXCLUSION, THE USE OF .002 - .0002% ALCIAN BLUE HAS CONSISTENTLY
YIELDED DIFFUSE STAINING OF THE LYMPHOCYTE SURFACE COAT WHICH PROGRESSED
TO PATCM AND CAP FORMATION WITHIN 30 MINUTES WITH  DENTICAL PATTERNS OF
REORGANIZATION OF THE CYTOPLASMIC MICROF ILAMENTS., THESE OBSERVAT IONS
CLEARLY ESTABLISH THAT THESE CMANGES IN LYMPHOCYTE STRUCTURE CAN BE
GENERAL IZED TO A VARIETY OF DIFFERENT CATIONS WHICN REACT WITH SURFACE
CARBOMYDRATES.

¢) FERRITIN-CONJUGATED CONCANAVALIN A.  OTHER INVESTIGATORS
(Yanara ano Eogiman, 1974, KarnOvSKY anD UNANUE, 1974) MAVE REPORTED THAT
THE PLANY LECTIN = CONCANAVALIN A SELECTIVELY BINDS TO MANNOSIDE RESIDUES
IN THE CARBOMYDRATE SIDE CMAINS OF GLYCOPROTEINS, AND AT HIGH CONCENTRAT |ONS
THIS INTERACTION CAN INMIBIT THE PATCHING AND CAPPING OF OTHER SURFACE
ANTIGENS. WMILE THERE STILL 1S SOME DEBATE OVER WHETHMER THIS INMIBITION
OF CAPPING 1S DUE TO ANCHORING OF THE SURFACE RECEPTORS THROUGH A MEMBRANE
MODULATING SYSTEM OR SIMPLY THE DIRECY RESULYT OF CROSSLINKING OF THE VARIOUS
MEMBRANE COMPONENTS BY Con A, THIS LECTIN CERTAINLY PROVIDES A MEANS FOR
COVERING MEMBRANE GLYCOPROTEINS WHICH MIGHT PREVENY SURFACE RECOGNITION
BETWEEN LYMPMOCYTES AND MWIGH ENDOTHELIAL CELLS.

BECAUSE OF OUR INTEREST (N SUCH POTENTIAL "8LINDFOLDING"
EFFECTS, WE MAVE BEGUN A SERIES OF STUDIES ON THE ULTRASTRUCTURAL CHANGES
INDUCED IN RAT THORACIC DUCT LYMPHOCYTES BY CONCANAVALIN A, WHILE MIGH
CONCENTRATIONS OF THis LECTIN (€20 pG/ML) CAN COAY THE OUTER LYMPHOCYTE
MEMBRANE TO PRODUCE A THIN LAYER OF INCREASED RAD (ODENSITY DEMONSTRABLE
8Y HIGN RESOLUT!ON ELECTRON MICROSCOPY, WE HAVE PURPOSELY AVOIDED THIS
APPROACH AS SUCH DOSAGES ALSO PRODUCE RAPID CELL DEATH (pE PETRIS, 1975).
INSTEAD, WE MAVE LABELED HIGHLY PURIFIED CON A WITKH FERRITIN USING
TECHNIQUES DESCRIBED BY EDELMAN (v973). THEN RAT THORACIC DUCT LYMPHOCYTES
WERE INCUBATED IN VITRO WITN NON-CYTOTOXIC CONCENTRATIONS OF THIS REAGENT
(1-10 ve/mL) For 10 MiNnUTES AT 37°C. THE CELLS WERE THEN WASMED; RETURNED
TO CULTURE MEDIA FOR INTERVALS RANGING FROM 3-120 MINUTES, AND THEN FIXED
IN GLUTARALDENYDE AND PROCESSED FOR ELECTRON MICROSCOPY., OSEVERAL INTERESTING
FEATURES HMAVE EVOLVED FROM THESE STUDIES. IN EACH SAMPLE EXAMINED, THIS
PROCEDURE MWAS YIELDED SURFACE LABELING OF 90-98% OF ALL THE LYMPHOCYTES
B8Y SCATTERED FERRITIN PARTICLES DISTRIBUTED AS SINGLE GRANULES OVER THE
MEMBRANE OR COALESCED PATCHES OF MULTIPLE FERRITIN PARTICLES. OitfFFuse,
HOMOGENEOUS LABEL ING COMPARABLE TO THAT PRODUCED BY THME METAL DYES HAS
NEVER BEEN SEEN. FURTHER, WHEN THESE CELLS ARE EXAMINED AFTER PROGRESSIVE
TIME INTERVALS OF CULTURE, THERE IS A DEFINITE TENDENCY FOR THE FERRITIN
TRACER TO AGGREGATE INTO DISCRETE FOCAL PATCHES BUY FRANK CAPPING HAS BEEN
OBSERVED IN ONLY 4-6% OF THE CELLS. WHILE THIS MAKES 1T DIFFICULT TO
DETERMINE WHETHER CON A INDUCES A REORGANIZATION OF THE LYMPHOCYTE
CYTOSKELETON; THESE PATCHES APPEAR TO PERSIST FOR HOURS WITH ONLY MINIMAL
SIGNS OF THEIR BEING CLEARED BY SHEDDING OR ENDOCYTO. I1S. SUCH FINDINGS
SUGGEST THAT THIS LECTIN MAY BE AN IDEAL AGENT FOR DETERMINING THE EFFECTS
OF MEMBRANE "BLINDFOLDING" UPON LYMPHYCYTE TRAFFIC IN VIVO AS SHOWN IN
ProvECT 2.

D) FERRITIN AND PEROXI10ASE CONJUGATED ANT!=IMMUNOGLOBUL IN.
THERE 1S AN EXTENSIVE LITERATURE DEMONSTRATING THAT
TRACER=CONJUGATED ANTI=IMMUNOGLOBUL INS BIND SELECTIVE TO LYMPNOCYTE SURFACE
1GG TO PRODUCE PATCHING AND CAPPING. TO PERMIT DIRECT COMPARISONS WtTH
OBSERVATIONS MADE WITH THE CATIONIC DYES AND CON A, WE NAVE ALSO UNDERTAKEN
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A BRIEF EVALUATION OF THE ULTRASTRUCTURAL CHANGES INDUCED IN LYMPHOCYTES
B8Y ANYT ) =IMMUNOGLOBULINS.

RaBBIT-ANTI-RAT |GG CONJUGATED WITH EITHER HORSERADISH
PEROX IDASE OR FERRITIN WAS PURCHASED FROM CaPPELL LABORATORIES
(DowNiINGTOWN, Pa.). AFTER ABSORBING THIS MATERIAL TWICE WITH AN EQUAL
VOLUME OF FRESHLY ISOLATED LEWIS RAT THYMOCYTES TO REMOVE POSSIBLE
SPECIES-SPECIFIC ANTIBODIES, THE CONJUGATED GLOBULIN 'JAS DILUTED TO A
CONCENTRATION OF 50 MG. PROTEIN PER ML. THIS ADSORBED ANTIBODY WAS THEN
REACTED WITH RAT THORACIC DUCT LYMPHOCYTES (WMICH HAD BEEN WASHED X3 TO
REMOVE EXTRANEOUS PROTEINS) FOR . HOUR AT 50C. THE CELLS WERE THEN
CENTRIFUGED, WASHED, AND TRANSFERRED TO CULTURE MEDIUM. AFTER INCUBATION
AT 379C FOR VARYING TIME (NTERVALS, THE CELLS WERE HARVESTED AND PROCESSED
FOR EM STUDIES USING METHODS DESCRIBED PREVIOUSLY. ELECTRON MICROGRAPHS
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 CAP FORMATION AT 5 HOUR. AT LATER INTERVALS (2-4 wHours)
THE LYMPHOCYTE SURFACES WERE COMPLETELY FREE OF TRACER, BUT FERRITIN
GRANULES COULD BE DEMONSTRATED WITHIN ENDOCYTIC VACUOLES AND EXTRACELLULAR
DEBRIS. OF EQUAL INTEREST IN THIS STUDY, WERE OBSERVATIONS THAT NUCLEAR
PORES TENDED TO LIE DIRECTLY BENEATH MICROVILLUS PROJECTIONS IN CELLS WHICH
HAD NOT YET DEVELOPED LARGE PATCHES OR CAPS. MOST OF THESE MICROVILLI
CONTAINED A CENTRAL CORE OF ALIGNED MICROFILAMENTS PASSING ALONG THEIR
LONGITUDINAL AXIS, AND IN SOME CELLS THESE FILAMENTS OR THE SURROUNDING
ZONE OF RIBOSOMAL EXCLUSION COULD BE TRACED THROUGH THE CYTOPLASM TO SITES
AT OR NEAR THE UNDERLYING NUCLEAR PORE. AS PATCHING PROGRESSED TO CAPPING,
THE 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 NUCLEUS FACING THE UROPOD WHILE
THE PARANUCLEAR CYSTERN DOMINATED THE OPPOSITE NUCLEAR POLE. THESE
OBSERVATIONS ARE PARTICULARLY INTRIGUING FOR THEY CERTAINLY SUGGEST THAT
ALTERATIONS IN THE OUTER LYMPHOCYTE MEMBRANE ARE TRANSMITTED INTO CYTOSKELETAL
REORGANIZATION WITH CONCOMITANT CHANGES IN NUCLEAR MORPHOLOGY. SINCE THIS
LIGAND 1S KNOWN TO BE MITOGENIC, THESE FINDINGS MAY PROVIDE THE
CYTOSTRUCTURAL BASIS ON HOW MEMBRANE SIGNALS ARE TRANSMITTED TO THE NUCLEUS.
BECAUSE OF THESE IMPLICATIONS FURTHER STUDY OF THIS PHENOMENON IS IN PROGRESS.

PROJECT 2. THE BrLockape oF LyMPHOCYTE RECIRCULATION BY SURFACE LiGANDS.
HE 'BL INDFOLDING' HYPOTHES!S).

IN THE MID 1960's, MEDAWAR POSTULATED THAT COATING OR COVERING
OF LYMPHOCYTE SURFACES BY NON~TOXIC AGENTS MIGHT DISRUPT LYMPHOCYTE
RECIRCULATION BY "BLINDFOLDING'" THE MEMBRANE SEGMENTS REQUIRED FOR SURFACE
RECOGNITION. SUBSEQUENT ATTEMPTS TO DOCUMENT THE VAL.DITY OF THIS CONCEPT
FOR EXPLAINING THE ALTERED LYMPHOCYTE TRAFFIC KINETICS PRODUCED BY ANTI-
IMMUNOGLOBUL INS, LECTINS AND MITOGENS HAVE BEEN INCONCLUSIVE. SINCE THE
OBSERVATIONS OUTLINED IN PROJECT | HAVE DEFINED SEVERAL DIFFERENT AGENTS
WHICH CAUSE DIFFUSE AND PROLONGED COATING OF LYMPHOCYTE SURFACES, WE
HAVE COMBINED THIS METHOLOLOGY WITH QUANTITATIVE MEASUREMENT OF RADI!OLABELED
LYMPHOCYTE TRAFFIC KINETICS TO DETERMINE WHETHER "BLINDFOLOING" BY SURFACE
LIGANDS CAN BLOCK LYMPHOCYTE RECIRCULATION (N VIVO.
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A) STUOIES WITH RUTHENIUM RED. THE IN VITRO EFFECTS OF
VARY ING CONCENTRATIONS OF RUTHENIUM RED DYE UPON RAT LYMPHOCYTES ARE
SUMMARIZED IN TABLE 1. THESE RESULTS SHOW THAT 5 x 10 RAT SPLEEN cELLS
CULTURED FOR T2 HOURS WITH RUTHENIUM RED AT 00sAGEs of (0,01 - 1.0) Ma/mML
FAILED TO INCORPORATE 3H-THYMIDINE AT LEVELS (NDICATIVE OF A MITOGENIC
RESPONSE. Hi1GH DYE conceNTRaTIONs (1.0 MG/ML) CAUSED IMMEDIATE
AGGLUTINATION AND DIRECT TOXIC EFFECTS ON THORACIC DUCT LYMPHOCYTE SUSPENS IONS.
HOWEVER, THESE CHANGES WERE NOT SEEN WHEN THE DOSAGE OF RUTHENIUM RED
WAS REDUCED T0 O.1 - 0.5 MG/ML. DESPITE THE PRODUCTION OF SURFACE
PATCHES AND CAPS DEMONSTRABLE 8Y TEM, RAT LYMPHOCYTES TREATED WITH LOW
DYE CONCENTRATIONS DISPLAYED NORMAL PATTERNS OF RANDOM AND DIRECTIONAL
MOVEMENT WHEN THEIR MIGRATION IN AGAROSE PLATES WAS ASSAYED AGAINST
ENDOTOXIN ACTIVATED SERUM.

DIRECT ASSESSMENT OF THE POSSIBLE CELL TRAFFIC CHANGES INDUCED
BY COATING LYMPHOCYTE SURFACE WITH RUTHENIUM RED WAS THEN MADE USING
TECHNIQUES DESCRIBED IN OUR PREVIOUS PROGRESS REPORTS. AFTER LABELING
RAT THORACIC DUCYT LYMPHOCYTES BY IN VITRO INCUBATION WITH 3H-ur 1D INE,
THESE CELLS WERE WASHED AND EXPOSED TO VARYING CONCENTRATIONS OF RUTHENIUM
RED FOR 10 MINUTES AT 379C. THEN THE CELLS WERE WASHED AGAIN, RESUSPENDED
IN CULTURE MEDIUM AND INJECTED INTRAVENOUSLY INTO NORMAL LEWIS RATS AT A
DOSE OF 106 PER GRAM BODY WEIGHT. THE RECIPIENTS WERE KILLED AT SEQUENTIAL
INTERVALS POST-INFUSION AND THEIR VISCERA EXCISED, WEIGHED AND PROCESSED
FOR WHOLE ORGAN COUNTING, THE RESULTS OF THESE STUDIES ARE SUMMARIZED IN
TABLE 2 WHICH SHOWS THAT CYTOTOXIC DYE CONCENTRATIONS (1 MG/ML) causeo a
MARKED SUPPRESSION IN THE ACCUMULATION OF RADIOLABELED LYMPHOCYTES IN
LYMPHOID ORGANS WHICH WAS PARALLELED BY INCREASED HEPATIC UPTAKE OF
RADIOACTIVITY. WHEN THE 3H-URIDINE LABELED CELLS WERE EXPOSED TO
RUTHENIUM RED AT D0SEs ofF 0.05 MG/ML BEFORE INFUSION, THEIR ENTRY INTO
PERIPHERAL NODES WAS REDUCED BY 30-h0% AT EACH TIME INTERVAL STUDIED. WHILE
THIS COULD REFLECT "BLINDFOLDING", THIS REDUCTION IN RADIOACTIVITY
WITHIN LYMPHOID TISSUES CAN BE ACCOUNTED FOR BY THE ENHANCED HEPATIC
UPTAKE OF “H=URIDINE SEEN IN THE SAME ANIMALS. SINCE DEAD OR SEVERELY
DAMAGED LYMPHOCYTES TEND TO SEQUESTER IN THE HEPATIC RE SYSTEM AFTER
TRANSFUSION, THE ABOVE FINDINGS CAN BEST BE EXPLAINED BY RUTHENIUM RED
INDUCED CYTOTOXICITY WHICH WAS NOT OETECTED 8Y DYE EXCLUS!ON METHODS.
THIS CONCEPT 1S SUPPORTED BY OUR OBSERVATIONS THAT LYMPHOCYTES TREATED WITH
RUTHENIUM RED AT 0.01 MG/ML SHOWED IDENTICAL PATTERNS OF PATCHING AND
CAPPING OF THEIR SURFACE COMPONENTS, BUT WHEN THESE CELLS WERE INFUSED
AN VIVO THEY DISPLAYED COMPLETELY NORMAL TRAFFIC KINETICS IN LYMPHOID ORGANS.
WHEN COMBINED WITH RESULTS PRESENTED IN PROJECT (, THESE FINDINGS INDICATE
THAT RUTHENIUM RED CAN COMBINE WITH DIFFUSE SURFACE COAT CONSTITUENTS
WITHOUT AFFECTING THE ABILITY OF LYMPHOCYTES TO RECIRCULATE IN VIVO.
THIS NEGATES SIMPLISTIC THEORIES OF CELLULAR "BLINDFOLDING", BUT T DOES
NOT PRECLUDE A ROLE FOR SURFACE COAT IN THE ATTACHMENT SEQUENCE AS MOST
OF THE LYMPHOCYTE MEMBRANES ARE 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 EMIGRATE ACROSS THE VENULAR WALL

IN A NORMAL MANNER.

8) STupiES WiITH ALCIAN BLuE DYE. THE EFFECTS OF GRADED
DOSES OF ALCIAN BLUE DYE UPON RAT LYMPHOCYTES IN VARIOUS IN VITRO
ASSAYS ARE SHOWN IN TABLE 1. THIS SURFACE LIGAND FAILED TO PRODUCE DIRECT
MITOGENIC EFFECTS UPON SPLEEN CELL CULTURES. AT CONCENTRATIONS OF




l§

200 UG/ML ALCIAN BLUE CAUSED LYMPHMOCYTE AGGREGATION AND DIRECT CYTOTOXICITY
WITHIN 10 MINUTES, BUT BOTH OF THESE EFFECTS DISAPPEARED AT LOWER DOSAGES
WHICH INDUCED SURFACE PATCHING AND CAPPING WITHOUT CAUSING DETECTABLE CHANGES
iN CELLULAR MOTILITY. IN vivo TRAFFIC sTuoies (Tasre 4) empLoving
JH-URIDINE LABELED LYMPHOCYTES DEMONSTRATED THAT BRIEF INCUBATION WITH
ALCIAN BLUE AT 200 UG/ML MARKEDLY SUPPRESSED THE ACCUMULATION OF THESE
CELLS WITHIN LYMPHOID ORGANS. AS EXPECTED FROM THE VIABILITY STUDIFS,

THIS CHANGE WAS CLEARLY DUE TO DIRECT LYMPHOCYTE CYTOTOX!CITY REFLECTED

BY THE STRIKING INCREASE IN THE MEPATIC UPTAKE OF RADIOACTIVITY IN THESE
RaTs (16.9% as orroseo To THE S5%-10% RANGE SEEN AFTCR INFUSING MORMAL
CELLS). MHOWEVER, SIMILAR TREATMENT OF RADIOLABELED LYMPHOCYTES WITH
ALCIAN BLUE AT 20 uG/ML CAUSED AN ALMOST EQUIVALENT SUPPRESSION OF CELL
TRAFFIC INTO LYMPHATIC TISSUES. SINCE THIS WAS NOT PARALLELED BY

INCREASED MEPATIC RADIOACTIVITY OR OVERT TOX1CITY DEMONSTRABLE BY DYE
EXCLUS ION TECHNIQUES, THIS PATTERN OF ALTERED RECIRCULATION CAN PROBABLY

BE ATTRIBUTED TO "BLINOFOLDING". AS LYMPHOCYTES EXPOSED TO LOWER DYE
CONCENTRAT10Ns (0.2 - 2.0 UG/ML) DISPLAYED NORMAL TRAFFIC PATTERNS IN VIVO,
THE ABILITY OF ALCIAN BLUE TO BLOCK RECIRCULATION APPEARS TO BE DEPENDENT
UPON A CRITICAL DOSAGE RANGE. THE PRECISE MEMBRANE=CYTOSKELETAL CHANGES
INDUCED BY 20 UG/ML OF ALCIAN BLUE ARE STILL BEING STUDIED BY ELECTRON
Microscory (PROJECT 1). OUR PRELIMINARY DATA SUGGESTS THAT THE DYE-
GLYCOCALYX COMPLEXES ARE CLEARED FROM THE LYMPHOCYTE SURFACE WITHIN U-0
HOURS. I|F TMIS IS CONFIRMED, THE PROLONGED SUPPRESSION OF LYMPHOCYTE
RECIRCULATION SEEN IN VIVO MAY REFLECT THE TIME REQUIRED FOR THE TREATED
LYMPHOCYTES TO REGENERATE NEW MEMBRANE RECOGNITION SITES.

c) STupiES WiTH CONCANAVALIN A, JN VITRO OBSERVATIONS ON
RAT LYMPHOCYTES TREATED WITH TETRAVALENT CONCANAVALIN A ARE PRESENTED IN
TasLe 5. THE RESULTS INDICATE THAT STANDARD DOSES OF THIS LECTIN PRODUCE
MITOGENIC RESPONSES IN RAT LYMPHOCYTES WITHOUT ALTERING CELL VIABILITY OR
INDUCING AGGLUTINATION. WHEN THE CON A DOSAGE IS INCREASED TO 2.5-10 pa/mML,
THIS PRODUCES OVERT CYTOTOXICITY WITH LOSS OF THE MITOGENIC EFFECTS. ALL
OF THME CON A DOSAGES TESTED IN THIS STUDY CAUSED PATCH FORMATION DEMONSTRABLE
BY ELECTRON M1CROSCOPY (PROJVECT 1) BUT THIS RARELY PROGRESSED TO CAP
FORMAT ION WHEN THORACIC DUCT LYMPHOCYTES WERE USED AS THE CELL SOURCE.
OF EQUAL INTEREST, ARE THE OBSERVATIONS THAT BOTH CONVENTIONAL AND HIGH
CON A DOSAGES APPEARED TO SUPPRESS LYMPHOCYTE MOTILITY AS MEASURED BY
MIGRATION UNDER AGAROSE. RESULTS PRESENTED IN TABLE O COMPARE THE
LYMPHOCYTE TRAFFIC KINETICS SEEN AFTER TREATING RADIOLABELED LYMPHOCYTES
WITH VARY ING CONCENTRATIONS OF CON A PRIOR TO THEIR INFUSION INTO NORMAL
RECIPIENTS. THE COMPLETE FAILURE OF LYMPHOCYTES EXPOSED TO 5-10 ua/mML
CON A TO ACCUMULATE IN PERIPHERAL LYMPH NODES MAY BE DUE TO LIGAND-
INDUCED MEMBRANE CHANGES SINCE THERE WAS NO EVIDENCE FOR INCREASED HEPATIC
UPTAKE OF THE LABEL USUALLY SEEN WITH DEATH OF THE INFUSED CELLS. FURTHER,
LYMPHOCYTES PRE=INCUBATED WITH 2.5 uG/ML CON A ExHiBITED A 508 ReEoucTiON
IN THEIR ABILITY TO ENTER LYMPHATIC TISSUES IN THE ALSENCE OF ANY SIGNS
OF CYTOTOXICITY. SINCE COMPARADLE CELLS TREATED WITH | pG/ML CON A
DISPLAYED ENTIRELY NORMAL TRAFFIC KINETICS IN VIVO, THIS BLOCKADE OF
LYMPHOCYTE RECIRCULATION APPEARED TO BE DOSE RELATED. WMNEN THESE OBSERVATIONS
ARE COMBINED WITH EVIDENCE FROM OTHER LABORATORIES INDICATING THAT THERE
ARE A VARIETY OF SURFACE RECEPTORS WITH DIFFERENT AFFINITIES FOR CON A, T
SEEMS ENTIRELY PLAUSIBLE THAT INCREASING CONCENTRATIONS OF THIS LIGAND MAY
CAUSE PROGRESSIVE CROSS~-LINKING OF MEMBRANE COMPONENTS TO DISRUPY THE
RECOGNITION MECHANISMS REQUIRED FOR LYMPHOCYTE ENTRY INTO NODES. IT 1s
STILL UNCERTAIN WHETHER THIS BLOCKADE OF CELL TRAFFIC REFLECTSSIMPLE
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MASK ING OF MEMBRANE COMPONENTS OR SECONDARY METABOLIC CHANGES INDUCED BY
THIS MITOGEN. ATTEMPTS TO RESOLVE THIS ISSUE ARE IN PROGRESS UTILIZING
MONO AND DIVALENT FORMS OF CON A WHICH COMBINE WITH SURFACE OL IGOSACCHARIDES
AND INDUCE BLASTOGENES!S WITHOUY CAUSING THE RECEPTOR CROSS~L INKAGE
REQUIRED FOR PATCH FORMATION., RESULTS DESCRIBED IN PROJECT | HAVE SHOWN
THAT PATCHES OF FERRITIN=CONJUGATED CON A PERSIST ON THE LYMPHOCYTE
SURFACE FOR SEVERAL HOURS. SINCE OUR PRELIMINARY ULTRASTRUCTURAL STUDIES
ON THE TRAFFIC OF SUCH CELLS IN NORMAL RECIPIENTS MAVE IDENTIFIED
NUMEROUS L IGAND-BEARING CELLS IN HEV LUMENS WHILE ONLY OCCASIONAL CELLS
EMIGRATE INTO THE HEV WALLS, IT SEEMS LIKELY THAT CON A INTERFERES WITH
MECHANISMS RESPONS IBLE FOR THE SELECTIVE ATTACHMENT OF LYMPHOCYTES TO HEV
SURFACE.

D) STUDIES WITH ANTI-IMMUNOGLOBUL INS . TO ACHIEVE MAKIMAL
REACTIVITY WITH THE VARIOUS LYMPHOCYTE POPULATION IN THORACIC DUCT LYMPH,
RABBIT=ANT 1-RAT I1MMUNOGLOBULIN (CAPPELL LABORATORIES, DOWNINGTON, Pa.) was
USED WITHOUT PRIOR ABSORBTION WITH LEWIS THYMOCYTES TO REMOVE HETEROSPECIFIC
ANTIBODIES. THIS PREPARATION WAS FOUND TO BE WEAKLY MITOGENIC IN LYMPHOCYTE
cuLTures (TABLE 7) AND CAUSED SURFACE CAPPING IN 4% OF THE CELLS wiTHOUT
INDUC ING AGGLUTINATION OR LYSIS WHEN THE ANTI |GG COATED LYMPHOCYTES
WERE ADDED TO NORMAL RAT SERUM. RAT THORACIC DUCY CELLS PRE=-INCUBATED
WITH THIS ANTI |GG EXHIBITED NORMAL PATTERNS OF RANDOM AND DIRECTIONAL
MIGRATION WHEN TESTED IN THE NELSON CHEMOTACTIC ASSAY. [N CONTRAST,
RABBIT=ANT1-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 ANTIBODY PREPARATIONS WAS
EQUALLY APPARENT IN THE IN VIVO STUDIES OF TRAFFIC KINETICS (Tasre 8).
RAD IOLABELED LYMPHOCYTES PRE=INCUBATED WITH ATG FAILED TO ENTER LYMPHATIC
TISSUES AND THIS WAS CLEARLY DUE TO LYSIS AFTER EXPOSURE TO COMPLEMENT
lﬁ VIVO AS THE LIVER WAS THE ONLY ORGAN SHOWING SIGNIFICANT RADIOACTIVITY
IN THE RECIPIENTS. IN CONTRAST, CELLS EXPOSED TO aANT! |GG DIsPLAYED
PERFECTLY NORM:L PATTERNS OF UPTAKE AND REDISTRIBUTION IN RAT ORGANS DESPITE
OUR FINDING THAT NEARLY 3/h OF THESE CELLS CARRIED IMMUNOGLOBULIN LIGANDS
COMPLEXED TO THEIR SURFACES. WHILE THE RESULTS DESCRIBED IN PrROJECT 1
DEMONSTRATED THAT THE ANT! |GG COMPLEXES WERE SHED FROM LYMPHOCYTE SURFACES
WITHIN U HOURS, IT IS KNOWN FROM STUDIES IN OTHER LABORATORIES THAT 12-20
HOURS ARE REQUIRED FOR LYMPHOCYTES TO REGENERATE THEIR SURFACE |GG
RECEPTORS. TOGETHER, THESE OBSERVATIONS CLEARLY ESTABLISH THAT SURFACE
IMMUNOGLOBUL INS ARE NOT THE MEMBRANE COMPONENTS WHICH MEDIATE THE SURFACE
RECOGNITION REQUIRED FOR LYMPHOCYTE HOMING INTO HEV,

PROJECT 3. THe SerecTive PuagocyTic ActiviTies oF Hign EnooTweLiaL Ceuts.
THE "SCRUBBING HYPOTHESIS ).

CYTOCHEMICAL AND ULTRASTRUCTURAL OBSERVATIONS PRESENTED IN
OUR PREVIOUS PROGRESS REPORTS HAVE ESTABLISHED THAT THE HIGH ENDOTHEL lal
CELLS IN LYMPH NODE VENULES POSSESS STRUCTURAL AND METABOLIC PROPERTIES
CONSISTENT WITH SPECIALIZED FUNCTIONS NOT FOUND IN OTHER TYPES OF VASCULAK
ENDOTHELIUM, WE WAVE NOW COMPLETED A SERIES OF STUDIES COMBINING REGIONAL
ARTERIAL PERFUSION OF DIFFERENT COLLOIDS, BACTERIA AND ALTERED CELLS WITH
ULTRASTRUCTURAL STUDIES OF THE REGIONAL AND DISTANT NODES WHICH INDICATE THAT
THIS ENDOTHEL IUM CAN DISPLAY PHAGOCYTIC ACTIVITIES UNDER NEAR PHYSIOLOGIC
CONDITIONS.
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IN ULTRASTRUCTURAL STUDIES OF REGIONAL NODES ORAINING SKIN
ALLOGRAFTS, PERTUSSIS VACCINE AND VEE vaccINE IN coMpLETE FREUND'S ADJUUVANT,
WE HMAVE OBSERVED SPORADIC EVIDENCE FOR THE PHAGOCYTOSIS OF FIBRIN STRANDS
AND CELLULAR DEBRIS FROM THE VENULAR LUMENS BY HIGH ENDOTHELIAL CELLS. IN
THIS SETTING, ENDOTMELIAL CELL PHAGOCYTIC ACTIVITY COULD MAVE REAL RELEVANCE
IN CLEARING THE VASCULAR SYSTEM OF SMALL CLOTS AND DAMAGED CELLS APPEARING
AS HISTAMINE, KININS, ACTIVATED COMPLEMENT COMPONENTS AND LYMPHOKINES LEAK
FROM THE PARENCHYMA OF THE INFLAMED NODE INTO HEV LuMENS. FURTHER, WE HAVE
DEMONSTRATED ENDOCYTOSED CARBON PARTICLES, THORIUM DIOXIDE AND FERRITIN
GRANULES ADMIXED WITH MEMBRANE AND LIPID INCLUSIONS WITHIN LYSOSOMES IN
MIGH ENDOTHELIAL CELLS AFTER INFUSING THESE INERT PARTICLES INTO THE
REGIONAL CIRCULATION. WHILE SUCH OBSERVATIONS ARE NOT TRULY QUANTITATIVE,
THE ABSENCE OF ENDOCYTOSED PARTICLES IN THE ENDOTHELIUM LINING OTHER NOOAL
VESSELS SUGGESTED THAT THIS PHMAGOCYTIC ACTIVITY WAS CONFINED TO HEV.
FOLLOWING INTRA=ARTERIAL INFUSIONS WITH KILLED AND WASHED PNEUMOCOCC
AND STAPHYLOCOCC!, THERE WAS NO MORPHOLOGIC EVIDENCE FOR PHAGOCYTOS(S OF
THESE ORGANISMS BY HEV DESPITE THE FREQUENT FINDING OF NUMEROUS BACTERIA
LYING FREE OR ENMESHED WITHIN FIBRIN IN THE VESSEL LUMENS., However, PrE-
INCUBATING THESE BACTERIA IN SPECIFIC ANTIBODY, OR THE INFUSION OF ORGANISMS
KNOWN TO BIND C'3 AND ACTIVATE THE ALTERNATE COMPLEMENT PATHWAY (§ TYPHOSA
AND YEAST) YIELDED TYPICAL PHAGOCYTOSIS WHERE THE MICRO-ORGANISMS WERE
ENGULFED BY FILOPODIA; PACKAGED WITHIN PHAGOLYSOSOMES, AND DEGRADED WITHIN
HIGH ENDOTHELIAL CELLS. SIMILARLY, REGIONAL INFUSIONS WITH ALLOGENEIC
ERYTHROCYTES AND LYMPHOCYTES FAILED TO INITIATE PHAGOCYTIC EVENTS IN THE
NODAL VESSELS, BUT I1DENTICAL EXPERIMENTS EMPLOYING CELLS TREATED WITH
SPECIFIC ALLO-ANTIBODIES RESULTED IN ENDOCYTOSIS OF BOTH WHOLE CELLS AND
CELLULAR FRAGMENTS BY THE HEV €NOOTHEL tuUM. WHEN COMBINED, TMESE RESULTS
SUGGEST THAT HIGH ENDOTHELIAL CELLS ARE CAPABLE OF "NON=SPECIFIC
PHAGOCYTOS1S" AND THE HMIGHLY SELECTIVE, SEGMENTAL PHAGOCYTOSIS DEPENDENT
UPON F-c AND C!'7 RECEFTORS WHICH SILVERSTEIN HAS DESCRIBED AS THE "Z1PPER"
EFFECT. EXPERIMENTS ARE (N PROGRESS TO EVALUATE THIS CONCEPT FURTMER USING
INDICATOR BACTERIA TO DETERMINE WHETHER HEV caAN BE SHOWN TO DISPLAY F=C AND
C'3 RECEPTORS ON THEIR LUMINAL SURFACES.

THE MOST INTRIGUING POSSIBILITY RAISED BY THE PHAGOCYTIC
CAPACITY OF HEV 1S THAT THIS ENDOTHELIUM MAY REMOVE LIGANDS, ADSORBED
PROTEINS OR IRRELEVANT ANTIGENS FROM LYMPMOCYTE SURFACES JUST BEFORE
THESE IMMUNOCOMPETENT CELLS ENTER THE NODAL M)CROENVIRONMENT WHERE THE
CRITICAL SEQUENCE OF ANTIGEN PRESENTATION AND CELLULAR COLLABORATION OCCUR.
A SERIES OF ULTRASTRUCTURAL STUDIES MADE IN COLLABORATION WITH Magor A, O,
ANDERSON AND DrR. JOHN WHITE AT USAMRIID ARE UNDERWAY EVALUATING THIS
HYPOTHESIS. IN THE INITIAL EXPERIMENTS SYNGENEIC RAT THORACIC DUCT
LYMPHOCYTES WERE INCUBATED WITNH PEROXIDASE~CONJUGATED RABBIT=ANTI=RAT
16G For 30 MinuTES AT 37°C. As sHOWN IN PROJECTS | AND 2, THIS RESULTED
IN SURFACE PATCHING AND CAPPING OF SOME 7h$ OF THE CELLS EXAMINED 8Y
ELECTRON MICROSCOPY. ALIQUOTS OF THESE CELLS WERE THULN WASHED AND TRANSFUSED
INTO NORMAL LEWIS RATS. THEIR AXILLARY, SUBMANDIBULAR AND MESENTERIC
NODES WERE EXCISED 3-120 MINUTES LATER AND PROCESSED FOR ELECTRON MICROSCOPY
USING THE DIAMINO=BENZIDINE REACTION TO LOCALIZE THE PEROXIDASE ACTIVITY.
IN ALL OF THE NODES EXAMINED AT 10-120 MINUTES POST=INFUSION, NUMEROUS
LYMPHOCYTES DISPLAYING PATCHES AND CAPS OF ELECTRON-DENSE REACTYION
PRODUCT ON THEIR SURFACES WERE FOUND IN THE LUMENS AND WaLLS OF HEV. As
THESE CELLS EMIGRATED ACROSS THE VENULAR WALL, THE PEROXIDASE TRACER
MATERIAL APPEARED TO BE STRIPPED FROM THEIR SURFACES BY FOCAL MEMBRANE
SEGMENTS OF ADJACENT ENDOTHELIAL CELLS WHERE THE SUBPLASMALEMMAL
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MICROF ILAMENTS INVAGINATED THE MEMBRANE AND FORMED ENDOBYTIC VACUOLES
CONTAINING REACTION PRODUCT. SINCE THESE EMIGRATING LYMPHOCYTES RETAINED
THE IR NORMAL ULTRASTRUCTURAL CHARACTERISTICS AND SHOWED NO SIGNS OF INJURY,
THIS SELECTIVE PHAGOCYTOSIS APPEARED TO SELECTIVELY STRIP FOREIGN MATER (AL
FROM THEIR MEMBRANES (1.£. "scRUBBING"). THE SIMILARITIES BETWEEN THIS
SEQUENCE OF EVENTS AND THE SELECTIVE, SEGMENTAL PHAGOCYTOS!IS DESCRIBED
IN MACROPHAGES (SILVERSTEIN ET AL, |97h-n976) IS QUITE STRIKING. HOWEVER,
IT 1S WIDELY RECOGNIZED THAT MANY CELLS ENDOCYTOSE MORSERADISH PEROX IDASE
NON=SPECIFICALLY; SO FURTHER STUDIES WERE NECESSARY TO DETERNINE WNETHER
OTHER ELECTRON-DENSF TRACERS COULD BE ENDOCYTOSED FROM LYMPHOCYTE SURFACES.
EXPERIMENTS USING FERRITIN=CONJUGATED ANTI |GG AS THE SURFACE LIGAND MHAVE
SHOWN AN IDENTICAL SEQUENCE OF SELECTIVE STRIPPING OF FERRITIN GRANULES
FROM THE OUTER MEMBRANES OF EMIGRATING LYMPHOCYVES BY ADJACENT NIGHM
ENDOTHEL 1AL CELLS, SO IT SEEMS QUITE UNLIKELY THAT THIS PHENOMENON 1S AN
ARTIFACT RESULTING FROM NON=SPECIFIC ENDOCYTIC MECHANISMS.

THE PHYSI0LOGIC RELEVANCE OF "SCRUBBING" MAY BE MORE OIFFICULT
TO ESTABLISH AS THE RESULTS DESCRIBED IN PROJECT ) HMAVE SHOWN THAT ANTI-
IMMUNOGLOBUL IN-MEMBRANE COMPLEXES ARE RAPIDLY CLEARED BY SPONTANEOUS
SHEDDING IN VITRO WITHOUT REQUIRING INTERACTIONS WITH ANOTHER CELL TYPE.
WE ARE CURRENTLY ATTEMPTING TO RESOLVE THIS ISSUE IN ULTRASTRUCTURAL STUDIES
OF NODES FROM RATS INFUSED WITH LYMPHOCYTES PRE~INCUBATED IN MORE STABLE
SURFACE LIGANDS (RUTMENIUM RED, ALCIAN BLUE AND CON A) AS DESCRIBED EARLIER.
OF PARTICULAR INTEREST MERE, ARE OUR PRELIMINARY OBSERVATIONS ON LYMPHOCYTES
COATED WITH FERRITIN=CONJUGATED CON A SINCE DATA PRESENTED IN PROJECT 1 |
HAS SHOWN THAT THIS LIGAND IS SLOWLY CLEARED FROM CELL SURFACES IN VITRO.
A SIMILAR DELAYED CLEARANCE APPEARS TO HOLD FOR THESE CELLS IN VIVO AS WE
HAVE BEEN ADLE TO DEMONSTRATE NUMEROUS CON A BEARING LYMPHOCYTES WITHIN
HEV LUMENS FOR SEVERAL HOURS POST-INFUSION. WHILE WE MAVE BEEN UNABLE TO
FIND CLEAR-CUT EXAMPLES OF SELECTIVE REMOVAL OF THIS TRACER THROUGH
ENDOCYTIC ACTIVITY OF THE MIGN ENDOTMELIAL CELLS, THIS FAILURE APPEARS
YO RESULT FROM THE FAILURE OF MOST CON A TREATED LYMPHOCYTES TO AYTACH YO
HEV SURFACES AND EMIGRATE ACROSS THE VENULAR WALL.

PROJECT 4. CyroskeLeTal CONTROLS OF LYMPHOCYTE RECIRCULATION.

A) STUDIES WITH CYTOCHALASINS. THE FUNGAL METABOLITES
(CYTOCHALASINS) HAVE ATTRACTED A GREAT DEAL OF ATTENTION IN THE PAST
DECADE BECAUSE OF THEIR EFFECTS UPON MEMBRANE TRANSPORT AND MOTILE PROCESSES |
IN EUKARYOTIC CELLS. AT RELATIVELY LOW CONCENTRATIONS, CYTOCHALASINS B, |
D ANO E INMIBIT GLUCOSE, NUCLEOSIDE AND PURINE TRANSPORYT. AT RELATIVELY {
HIGH CONCENTRAT IONS THESE AGENTS INHIBIT VARIOUS MOTILE PROCESSES INCLUDING
CELL LOCOMOTION, CYTOPLASMIC STREAMING, CYTOKINES!S AND AXONAL GROWTH CONE
ACTIVITY. IN ATTEMPTS TO MINIMIZE THESE DIVERSE EFFECTS, WE HAVE UTILIZED
CYTOCHALASIN A IN STUDIES OF LYMPHOCYTE TRAFFIC AS THIS MATERIAL PURPORTEDLY
CAUSES LONGLASTING SUPPRESSION OF CELLULAR MOTILITY 'ITHOUT ALTERING
TRANSPORT MECHANISMS. THE RESULTS OF COMBINED RADIOKINETIC, AUTORADIOGRAPNIC
AND MORPHOLOGIC STUDIES DESCRIBED IN OUR LAST ANNUAL PROGRESS REPORT
DEMONSTRATED THAT IN VITRO EXPOSURE OF RAT THORACIC DUCT LYMPHOCYTES
TO CYTOCHALASIN A AT CONCENTRATIONS OF 8=10 UG/ML CAUSED MICROF ILAMENT
AGGREGATION, LOSS OF MICROVILLI AND COMPLETE SUPPRESSION OF CELLULAR
MOTILITY WHICH PERSISTED FOR SEVERAL HOURS AFTER THE CELLS WERE REMOVED
FROM THE CYTOCHALASIN SOLUTION. UPON TRANSFUSION INTO SYNGENEIC RECIPIENTS,
THE TREATED LYMPHOCYTES ADHERED SELECTIVELY YO HEV SURFACES, BUT THEIR
SUBSEQUENT MOVEMENT ACROSS THE VENULAR WALL INTO THE NODES WAS MARKEDLY




DELAYED. SINCE THESE OBSERVATIONS PROVIDED THE FIRST EXPERIMENTAL EVIDENCE
THAT LYMPHOCYTE ENTRY INTO PERIPHERAL NODES CAN BE SEPARATED INTO AN
ATTACHMENT PHASE MEDIATED BY SELECTIVE MEMBRANE INTERACTIONS WHICH IS
FOLLOWED BY ACTIVE MIGRATION OF MOTILE LYMPHOCYTES ACROSS HEV WALLS, WE
HAVE UNDERTAKEN FURTHMER STUDY OF THIS PHENOMENON.

DOSE RESPONSE STUDIES SUMMARIZED IN TABLE 9 SHOWED THAT THE

VIABILITY OF RAT THORACIC DUCT LYMPHOCYTES WAS UNALTERED BY (NCUBATION
WITH CYTOCHALASIN A AT CONCENTRATIONS RANGING FROM 0.2 To 10 ug/ML FOR

HOUR AT 370C. WHEN THE MOTILITY OF NORMAL LYMPHOCYTES WAS ASSAYED IN
MODIFIED NELSON PLATES, A MEAN NUMBER OF 91 CELLS WERE SEEN MIGRATING
BENEATH THE AGAROSE WITHIN A 66 p WIDE STRIP CONNECTING THE CENTERS OF THE
INNER=MIDDLE AND OUTER WELLS AFTER 12 HOURS OF INCUBATION. DIRecCY
MEASUREMENTS SHOWED THAT RANDOMLY MIGRATING CELLS WITHIN THIS POPULATION
SAMPLE HAD COVERED A MEAN LINEAR DISTANCE OF 40 U, WHILE LYMPHOCYTES
EXHIBITING DIRECTIONAL MIGRATION TOWARDS ENDOTOXIN ACTIVATED SERUM MOVED
A MEan 01sTANCE oF 186 u. CeLLs TREATED WiTH 0.2 yc/uu OF CYTOCHALASIN A
DISPLAYED VIRTUALLY IDENTICAL PATTERNS OF MOVEMENT IN THE SAME ASSAY
SYSTEM., PRE=INCUBATION OF THE LYMPHOCYTE POPULATIONS WITH CYTOCHALASIN A
AT DOSAGES RANGING FROM 2=4 1G/ML RESULTED IN A PROGRESSIVE DECLINE IN THE
TOTAL NUMBER OF MIGRATORY CELLS AND THE MEAN DISTANCE MIGRATED. TREATMENT
WITH CYTOCHALASIN A AT CONCENTRATIONS OF 6 OR MORE UG/ML COMPLETELY
SUPPRESSED BOTH RANDOM AND DIRECTIONAL LYMPHOCYTE MIGRATION FOR AT LEAST
12 HOURS IN THIS ASSAY SYSTEM. ATTEMPTS TO CORRELATE THIS ALTERED MOTILITY
WiITH ULTRASTRUCTURAL CHANGES DEFINED BY SCANNING AND TRANSMISSION ELECTRON
MICROSCOPY ARE ALSO SHOWN IN TABLE 9. |IN BRIEF SUMMARY, THESE STUDIES
DEMONSTRATED PROGRESS IVE AGGREGATION OF THE SUBPLASMALEMMAL M)CROF | LAMENT
NETWORK INTO IRREGULAR CLUMPS AS THE DOSE OF CYTOCHALASIN A WAS INCREASED
FrROM 0.2 10 6 pa/ML. THis waS PARALLELED BY LOSS OF MicroviLL) (aT 2-4 ve/mL)
YIELDING CELLS WITH A SMOOTH, SWOLLEN APPEARANCE INTERSPERSED WITH ZEOTIC
aLeas (6-8 uc/ML). As THESE SEQUENTIAL, DOSE-RELATED CHANGES COULD ALL BE
EXPLAINED BY 7"ROGRESSIVE FOCAL AGGREGAYION OF THE M'CROFILAMENTS WITH
CONCOMITANT SEPARATION OF SOME FILAMENTS FROM INTERVENING SEGMENTS OF THE
INNER MEMBRANE, THESF OBSERVATIONS PROVIDE FURTHER SUPPORT FOR POSTULATES
THAT THE CYTOCHALASINS DISRUPT CELLULAR MOTILITY B8Y COMBINING WITH HIGH
AFFINITY RECEPTORS ON ACTIN BINDING PROTEINS TO AGGREGATE THIN FILAMENTS.
PREVIOUS SUGGESTIONS THAT CYTOCHALASIN A MIGHT IN4IBIT MOTILE PROCESSES
BECAUSE OF A UNIQUE ABILITY TO CROSS=LINK SULFHYORYL GROUPS ON THE MEMBRANE
NO LONGER SEEM TENABLE IN LIGHT OF RECENT EVIDENCE THAT THIS CROSS-LINKAGE
CANNOT OCCUR UNDER PHYSIOLOGIC CONDITIONS (STausseEL ET AL, |976).

THE RELEVANCE OF THESE DOSE-OEPENDENT CHANGES TO IN VIVO
LYMPHOCYTE TRAFFIC KINETICS_HAS BEEN ESTABLISHED IN A SERIES OF
RADIOK INETIC STUDIES USING JH=URIDINE LABELED LYMPHOCYTES AS DESCRIBED
IN PREVIOUS SECTIONS. THE RESULTS SHOWN IN TABLE 10 SHOW THAT PRE-
INCUBATION OF RADIOLABELED LYMPHOCYTES WITH CYTOCHALASIN AT CONCENTRATIONS
RANGING FROM 4 TO 10 pG/ML ALMOST TOTALLY SUPPRESSED THE ENTRY OF THESE
CELLS INTO PERIPMERAL LYMPH NODES, AND THIS EFFECT PERSISTED uP To 24 nours
AFTER THE CELLS HAD BEEN REMOVED FROM THE CYTOCMALASIN SOLUTION.
SIMILARLY, CELLS EXPOSED TO 2 UG/ML DEMONSTRATED A 4O-50% REoucTiON IN
THEIR TRAFFIC THROUGH LYMPHOID ORGANS AFTER TRANSFUSION INTO NORMAL Lewis
RECIPIENTS. OSINCE THIS DRUG TREATMENT D10 NOT YIELD INCREASED MEPATIC
UPTAKE OF THE RADIOLABEL OR ALTER CELL VIABILITY BY DYE EXCLUSION CRITERIA,
IT SEEMED UNLIKELY THAT THESE TRAFFIC CMANGES COULD BE ATTRIBUTED TO DIRECT
CYTOTOXICITY OF CYTOCHALASIN A. FUIYNC', WHEN THESE RESULTS WERE COMPARED
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E WITH THE DATA IN TaBLE 9, THERE WAS A CLOSE CORRELATION BETWEEN THE DOSES
REQUIRED TO INHIBIT LYMPHOCYTE MIGRATION IN VITRO AND THOSE CAUSING
COMPLETE SUPPRESSION OF LYMPHOCYTE RECIRCULATION JN vivo.

] CAUTION MUST BE TAKEN BEFORE GENERALIZING THE ABOVE F INDINGS

TO ALL OF THE VARIOUS CYTOCHALASIN SUBTYPES. RESULTS PRESENTED IN TABLE 11
DEMONSTRATE THAT LYMPHOCYTES EXPOSED TO CYTOCHALASIN B AT 10 ug/ML EXxHIBITED
A 50-70% REDUCTION IN THEIR ABILITY TO RECIRCULATE THROUGH LYMPHOID ORGANS
AFTER TRANSFUSION INTO NORMAL RATS. THIS OBSERVATION WAS UNEXPECTED SINCE
MOST PUBLISHED REPORTS HAVE FOUND THAT TME MICROF ILAMENT AGGREGATION INDUCED
BY CYTOCHMALASIN B wAS FULLY REVERS IBLE WHEN THE CELLS WERE WASHED FREE OF
THE DRUG. WHILE IT 1S POSSIBLE THAT IN VITRO TRAFFIC KINETICS MAY PROVIDE

A MORE DEMANDING BIOLOGICAL TEST FOR ASSAYING RESIOUAL MICROF (LAMENTOUS DAMAGE,
EACH OF THE RECIPIENTS INFUSED WITH THESE TREATED CELLS SHOWED MEPATIC
UPTAKE OF RADIOACTIVITY AT LEVELS 2-3X THAT SEEN USING CYTOCHALASIN A, As
CYTOCHALASIN B 1S ALSO KNOWN TO DISRUPT MEMBRANE TRANSPORT FUNCTIONS IT 1S
LIKELY THAT THE IMPAIRED LYMPHOCYTE TRAFFIC PRODUCED BY THIS AGENT MAY
RESULT FROM CELL DAMAGE UNRELATED TO THE MICROFILAMENT SYSTEM.

COMBINED AUTORAD IOGRAPHIC AND ULTRASTRUCTURAL STUDIES DESCRIBED
IN OUR LAST ANNUAL PROGRESS REPORT DEMONSTRATED THAT CYTOCHALASIN A
TREATED LYMPHOCYTES COULD ATTACH TO HEV SURFACES; BUT THEIR SUBSEQUENT
EMIGRATION ACROSS THE VENULAR WALL WAS IMPAIRED SO THAT MANY OF THESE
VENULES APPEARED TO BE LINED 8Y A MONOLAYER OF ALTERED LYMPHOCYTES. FURTHER
ANALYSIS OF THIS PHENOMENNN BY TRANSMISSION ELECTRON MICROSCOPY HAS SHOWN
THAT CYTOCMALASIN A TREATED LYMPHOCYTES ATTACH TO HEV THROUGH FOCAL
MEMBRANE SEGMENTS MEASURING 3000°A IN DIAMETER WHICH WERE ALWAYS SITUATED
DIRECTLY OVER LARGE AGGREGATES OF SUBPLASMALEMMAL MICROF ILAMENTS. BeNEAaTH
INTERVENING SEGMENTS OF THE MEMBRANE, THE THIN FILAMENT NETWORK WAS EITHER
ABSENT OR ATTENUATED. WHEN THESE CELLS MOVED ACROSS THE HEV waLL, THEIR
CYTOPLASMIC MICROFILAMENTS APPEARED TO BE RETRACTED FROM THE USUAL SuB-
MEMBRANOUS LOCATION AND CONCENTRATED WITHIN ECCENTRIC BUNDLES IN THE
CONSTRICTION ZONE. SUCH FINDINGS SUGGEST THAT "RECEPTORS'" REQUIRED FOR
SURFACE ATTACHMENT MAY BE LINKED TO THE MICROFILAMENTOUS NETWORK AND
CONCENTRATE INTO FOCAL PATCHES AS CYTOCHALASIN A INDUCED THEIR THIN
FILAMENTS TO AGGREGATE. WHEN THE CELLS LOCOMOTE, SOME OF THESE DAMAGED
THIN FILAMENTS MAY SEPARATE FROM THEIR PERIPHERAL ATTACHMENTS AND RETRACT
INTO ASYMMETRIC BUNDLES AT SITES WHERE MEMBRANE ANCHORAGE 1S MAINTAINED
WITHIN THE CONSTRLCTION ZONE. WHILE CONFIRMATION OF THIS HYPOTHESIS BY
OTHER TECHNIQUES 1S NEEDED, SUCH STRUCTURAL CHANGES CERTAINLY SEEM TO
PROVIDE A PLAUSIBLE EXPLANATION FOR THE DELAYED MOVEMENTOF CYTOCHALASIN A
TREATED LYMPHOCYTES ACROSS VENULAR WALLS. IN ADDITION, THESE ULTRASTRUCTURAL
STUDIES HAVE SHOWN THAT BOTH EXTRACELLULAR AND SURFACE DEBRIS WERE STRIPPED
FROM THE MEMBRANES OF THE TREATED LYMPHOCYTES AND ENDOCYTOSED BY SELECYIVE,
SEGMENTAL PHAGOCYTIC ACTIVITY OF THE ADJACENT ENDOTHELIAL CELLS. THESE
OBSERVATIONS APPEAR TO PROVIDE FURTHER SUPPORT FOR THC "SCRUBBING" CONCEPT
DESCRIBED IN PROJECT 2.

B) STUDIES WITH COLCHICINE. WE MAVE COMPLETED A SERIES OF
EXPERIMENTS ATTEMPTING TO DEFINE THE ROLE OF THE CYTOSKELETON IN REGULATING
LYMPHOCYTE RECIRCULATION USING PHARMACOLOGIC TREATMENT WITH COLCHICINE TO
DISRUPT THE LABILE MICROTUBULAR NETWORK. [N VITRO STUDIES DEMONSTRATED
THAT RAT THORACIC OUCT LYXMPNOCYTES INCUBATED IN COLCHICINE AT CONCENTRATIONS
RANGING FROM 107¢ 7O IO'éM FOR TIME INTERVALS RANGING FROM 1=2U wours
REMA INED VIABLE BY DYE EXCLUSION CRITERIA UNTIL THE DRUG DOSAGE EXCEEDED
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107 M, MEASUREMENTS OF LYMPHOCYTE MOTILITY BY PHMASE MICROSCOPY AND
MIGRATION UNDER AGAROSE INDICATED THAY THESE CELLS DISPLAYED NORMAL PATTERNS
OF LOCOMOTION UNTIL TOXIC DRUG LEVELS OF 10™3M coLcwicINg WERE EMPLOYED
(TABLE 12). WHEN TMESE COLCHICINE=TREATED CELLS WERE EXAMINED BY SCANNING
ELECTRON MICROSCOPY, THEY DISPLAYED PERFECTLY NORMAL SURFACE COMFORMAT ION
WITH MULTIPLE VILLUS PROJECTIONS. WHILE WE WAVE THUS FAR BEEN UNABLE TO
CONS ISTENTLY DEMONSTRATE AGGREGATED OR DISSOCIATED MICROTUBULES IN THESE
CELLS BY TRANSMISSION ELECTRON MICROSCOPY, THIS CAN PROBABLY BE ATTRIBUTED
TO THE FACT THAT RAT THORACIC DUCT LYMPHOCYTES POSSESS A SCANT MICROTUBULAR
NETWORK WHICH 1S LARGELY OBSCURED BY CYTOPLASMIC RIBOSOMES MAKING IT
OIFFICULT TO DEMONSTRATE THESE STRUCTURES EVEN WHEN SECTIONS ARE OBTAINED
THROUGH THE CENTRIOLE OF NORMAL CELLS. CERTAINLY, THE INHIBITION OF
MICROTUBULAR ASSEMBLY BY COLCHICINE HAS BEEN SUBSTANTIATED IN MOST OTHER
CELL TYPES AND MAS BEEN GENERALLY ACCEPTED AS THE TYPICAL STRUCTURAL

CHANGE INDUCED BY THIS DRUG, DESPITE THIS, OUR INITIAL SURVEY ON THE

AN VIVO TRAFFIC OF RADIOLABELED LYMPNOCYTES PRE=INCUBATED WITH COLCHICINE
SHOWED A NORMAL PATTERN OF ORGAN UPTAKE OF THESE CELLS AT 24 MOURS wHiCH

WAS ALTERED ONLY BY HIGH DRUG CONCENTRATIONS KNOWN TO CAUSE DIRECY CYTOTOXICITY
(TaBLE 12). HOWEVER, WHEN THE RECIRCULATION OF THESE DRUG TREATED CELLS

WAS ANALYZED IN MORE OETAIL BY MONITORING THE ORGAN DISTRIBUTION OF
RADIOACTIVITY AT EARLIER TIME INTERVALS (TABLE 13), THE RESULTS DEMONSTRATED
THAT NON=TOXIC DOSAGES OF COLEHICINE AT THE CONCENTRATIONS KNOWN TO DISRUPT
THE MICROTUBULAR NETWORK (10" - 10"OM) causeo a 50-60% REDUCTION IN THE
ACCUMULATION OF THE RADIOLABELED LYMPHOCYTES IN LYMPHATIC TISSUES WHICH

PERS ISTED FOR 8=12 MOURS. SINCE THIS WAS A TRANSIENT EFFECT WHICH CLEARED
COMPLETELY WITHIN 24 HOURS WITHOUT BEING PARALLELED BY INCREASED HEPATIC
RADIOACTIVITY, THESE FINDINGS APPEARED TO BE ENTIRELY CONSISTENY WITH
COLCHICINE EFFECTS UPON MICROTUBULES WHICH ARE KNOWN TO BE FULLY REVERS IBLE
WITH TIME. THIS CONCEPT HAS BEEN SUPPORTED DIRECTLY IN A SERIES OF SIMILAR
EXPERIMENTS USING LUMICOLCHICINE= A COLCHICINE ANALOGUE WHICH PURPORTEOLY
POSSESSES ALL OF THE PHARMACOLOGIC ACTIVITIES OF THE PARENT ORUG EXCEPY
MICROTUBULAR TOXICITY. DATA PRESENTED IN TABLE, t4 DEMONSTRATES THAT

RAD IOLABELED LYMPHOCYTES PRE=INCUBATED WITH 10=% = 10"5M LumMicoLenicIng
DISPLAYED PERFECTLY NORMAL PATTERNS OF ACCUMULATION WITHIN LYMPHOID ORGANS
OVER TIME INTERVALS RANGING FROM 5 TO 28 HOURS AFTER TRANSFUSION INTO NORMAL
RECIPIENTS. SUCH OBSERVATIONS PROVIDE THE BEST MEANS CURRENTLY AVAILADLE
FOR PROVING THAT AN INTACT MICROTUBULAR NETWORK IS ESSENTIAL FOR MAINTAINING
NORMAL PATTERNS OF LYMPHOCYTE RECIRCULATION IN VIVO. THE PRECISE FUNCTIONS
OF THE MICROTUBULES IN THIS PROCESS ARE STILL UNCERTAIN SINCE THERE APPEARS
TO BE GENERAL AGREEMENT THAT MOST CELLS COMTINUE TO DISPLAY NORMAL PATTERNS
OF LOCOMOTION AND CHEMOTACTIC RESPONSES IN VITRO AFTER COLCHICINE TREATMENT.
HOWEVER, SEQUENTIAL AUTORADIOGRAPHIC STUDIES ANALYZING THE RELATIVE RATES

OF ENTRY, REDISTRIBUTION AND TRANSIT OF COLCHMICINE=TREATED LYMPKOCYTES
THROUGH LYMPH NODES IN VIVO, INDICATED THAT THIS CELL POPULATION WAS
DEFICIENT IN ITS ABILITY TO ATTACH UPON HEV SURFACES, BUT THE FEW REMAINING
CELLS WHICH COULD ENGAGE HEV CONTINUED TO MIGRATE Th'OUGH THE NODE IN A
NORMAL MANNER (TaBLE |5) AGAIN, THIS EFFECYT APPEARED TO BE TRANSIENT

AND AT LATER TIME INTERVALS (S-Zﬁ HOURS POST-DRUG TREATMENT) THE INFUSED
CELLS SHOWED NORMAL DISTRIBUTION PATTERNS IN THE LYMPHOID ORGANS. WNEN
COMBINED WITH THE RESULTS DESCRIBED EARLIER,; THESE FINDINGS SUGGEST THAT

THE MICROTUBULAR NETWORK MAY PLAY A CRITICAL ROLE IN ANCHORING RECEFTORS

OR STABILIZING MEMBRANE SEGMENTS NECESSARY FOR THE SUCCESSFUL ATTACHMENT OF
LYMPHOCYTES TO HEV SURFACES.

ADD I TIONAL EXPERIMENTS HAVE BEEN MADE TO DETERMINE WHETHER
SIMILAR EFFECYS COULD BE PRODUCED WHEN THE HOSTS WERE TREATED WITH COLCHICINE.
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RESULTS DESCRIBED IN OUR PREVIOUS ANNUAL PROGRESS REPORT HAVE SHOWN THAT
RATS INJECTED INTRAPERITONEALLY WITH | MG/KG COLCHICINE DISPLAYED A MILD
LYMPHOCYTOS IS IN THE PERIPHNERAL BLOOD WHICH WAS PARALLELED BY AN ABRUFT
FALL IN THE NUMBERS OF LYMPMOCYTES ATYACHED TO MEV AND Ao GRADUAL DECL INE
IN THE MOURLY OUTPUT OF THORACIC DUCY LYMPHOCYTES WMICH COMBINED TO HRODUCE
NODAL MYPOCELLULARITY, IN THE ATTEMPT YO DETERMINE WHETHER THESE ALTERELD
TRAFFIC KINETICS RESULTED FROM SYSTEMIC DRUG TOXICITY OR DIRECT EFFECTS
UPON THE RECIRCULATING LYMPHOCYTES, WE COLLECTED THORACIC DUCT LYMPNOCYTES
ROM COLCMICINE-TREATED AND CONTROL RATS. AFTER LABELING IN VITRO WITH
H-URIDINE, BOTH GROUPS OF CELLS WERE TRANSFUSED BACK INTO SYNGENE IC
RECIPIENTS AND THEIR TRAFFIC KINETICS COMPARED BY WHOLE ORGAN COUNT ING.
R(SULYS SHOWN IN TA!L!’ 16 CLEARLY INODICATYED THAY THE ABILITY OF THE
LYMPMOCYTE OBTAINED FROM COLCMICINE-TREATED RATS TO "HOME ' INTO PERIPHERAL
LYMPH NODES WAS MARKEDLY REOUCED (20-25% OF THE LEVEL SEEN WiTH CONTROL
CELLS). AS BOTN GROUPS OF CELLS DISPLAYED NORMAL VIABILITY BY DYE EXCLUSION
CRITERIA, THIS DIFFERENCE PROBABLY REFLECTS NON-LETHAL, PHARMACOLOGIC
ALTERATIONS INDUCED BY COLCHMICINE EFFECTS IN THE NOST, HOWEVER, WE DO NOT
YET HAVE AN ADEQUATE EXPLANATION AS TO WHY THESE CHANGES APPEAR TO PERSIST
FOR MORE THAN 28 WOURS IN CONTRAST TO THE SHORT TERM, FULLY REVERSI1BLE
ALTERATIONS INDUCED BY TREATING LYMPHOCYTES WITH COLCMICINE IN VITRO.

DAYA FROM COMPLEMENTARY EXPERIMENTS ANALYZ ING THE TRAFFIC OF
NORMAL RADIOLABELED LYMPHOCYTES AFTER THEIR INFUSION INTO RECIPIENTS
TREATED WITH COLCHICINE ARE SHOWN IN TaBLE 1], THE RESULTS DEMONSTRATE
THAT THE INTRAPERITONEAL INJECTION OF COLCMICINE AT | WOUR BEFORE AND O HOURS
AFTER INTRAVENOUS INFUSION WITH JH-URIDINE LABELED CELLS ALMOST TOTALLY
SUPPRESSED THE NODAL UPTAKE OF RADIOACTIVITY FOR INTERVALS EXTENDING UP YO
2k nours. FURTHER, THESE ALTECRATIONS WERE DOSE DEPENDENT WITH | MG /Ka
CAUSING AN U5% DECREASE IN NODAL RADIOACTIVITY white O.1 Ma/KG INDUCED LESS
THAN S0 SUPPRESSION. SINCE RESULTS DESCRIBED IN OUR LAST FROGRESS REPORT
ILLUSTRATED THAT A SINGLE INJECTION WITH COLCHICINE 3 = Q MOURS BEFORE CELL
INFUSION INNIBITED LYMPNOCYTE TRAFFIC FOR 6-8 HOURS wHICH WAS FOLLOWED BY
COMPLETE RECOVERY OF NORMAL REC IRCULATION PATTERNS BETWEEN O-24 wouws,
THESE CHANGES ALSO APPEAR TO BE REVERSIBLE UNLESS RECOVERY IS BLOCKED BY A
SECOND DRUG INJECTION. SINCE PMARMOKINETICS STUDIES BY OTMER INVESTIGATORS
MAVE SHOWN THAT COLCHICINE IS RAPIDLY CLEARED FROM THE BLOOD BUY MIGH TISSUE
LEVELS ARE ACHMIEVED IN THE SPLEEN AND LYMPHM NODES, 1T IS POSSIBLE THAT THE
TRAFFIC CHANGES DESCRIBED ABOVE MAY REFPRESENT THME IN VIVO CORRELATE OF THE
LYMPHOCYTE MICROTUBULAR CHANGES INDUCED BY IN VITRO ORUG EXPOSURE. HOwEVER,
TWO LINES OF EVIDENCE ARGUE AGAINST THIS SIMPLISTIC EXPLANATION, FIRsT, 1ne
MAXIMAL BLOOD AND TISSUE LEVELS ACMIEVED BY TREATING RATS WiTh | = 0.1 MG Ka
COLCMICINE ARE CONSIDERABLY LESS THAN THE 1077 = 10=DM CONCENTRATIONS REQUIRED
TO ALTER LYMPHOCYTE TRAFFIC BY IN VITRO INCUBATION. SECOND, RECENT STUDIES
HAVE SHOWN THAT PROLONGING THE INTERVAL SETWEEN COLCHICINE INJECTION AND CELL
INFUSION OUT TO 3-5 MOURS STILL RESULTS IN IMPAIRED TRAFFIC THROUGH LYMPHATIC
TISSUES DESPITE A FALL IN THE BLOOD COLCHICINE LEVEL 10 VIRTUALLY UNDETECTABLE
VALUES WHEN THE RADIOLABELED LYMPHOCYTES WERE INTRODUCED INTO THE CIRCULATION,
SUCH OBSERVATIONS SUGGEST THAT COLCHICINE CAN ALTER CELLULAR TRAFFIC IN VIVO
BY MECHANISMS OTHER THAN CAUSING MICROTUBULAR LESIONS IN LYMPHOCYTES. THIS
CONCEPT 1S SUPFORTED BY OUR RECENT ULTRASTRUCTURAL OBSERVATIONS THAT COLCHICINE
DOSAGES AT 1.0 = 0.1 MG/RG CAUSED A MARKED DECREASE IN BOTH THE NUMBER AND TnE
PERIPHERAL DISTRIBUTION OF THE MICROTUBULES WITHIN HIGH ENDOTHEL 1AL CELLS.
OF PARTICULAR INTEREST, 1S OUR DEMONSTRATION THAT MICROTUBULAR NETWORKS IN
THESE CELLS LOSE THEIR USUAL RADIATING PATTERN FROM THE GOLGI OUY TO Twe
MEMBRANE AND BECOME CONCENTRATED WITHIN IRREGULAR CLUMPS NEAR THE CENTRIOLE,
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IF THESE TUBULES NORMALLY CONTRIBUTE IN STABILIZING THE OUTER MEMBRANE, IT
SEEMS QUITE PLAUSIBLE TNAT SUCH CHANGES COULD IMPAIR SURFACE INTERACTIONS

WITH LYMPHOCYTES. SINCE DATA SUMMARIZED ABOVE AND IN OUR LAST PROGRESS REPORT
INDICATES THAT THE BLOCK OF LYMPMOCYTE RECIRCULATION IN COLCHICINE-TREATED
RATS RESULTS FROM THE FAILURE OF BLOOD=BORNE LYMPHOCYTES TO ATTACH UPON

HEV SURFACES, THIS STRUCTURAL ALTERATION IN THE ENDOTHEL AL CELL MICROTUBULAR
NETWORK IS PARTICULARLY INTERESTING. FURYN[R TESTING OF THIS HYPOTHESIS IS
NOW IN PROGRESS EMPLOYING OTHMER PMARMACOLOGIC AGENTS WHICH SHARE THE COMMON
CAPACITY TO OISRUPT THE CYTOSKELETON (VINCA ALKYLOIDS AND TOPICAL ANESTNETICS).
PREL IMINARY OBSERVATIONS WITH VINCRISTINE (TaBLe 18) INDICATE TMAT RELATIVELY
HIGH DOSES OF THis ORUG (10™% = 10"OM) CAN ALSO SUPPRESS LYMPHOCYTE TRAFFIC

IN VIVO, AND IF THESE FINDINGS ARE SUPPORTED BY FUTURE STUDIES THERE WILL BE
STRONG CIRCUMSTANTIAL EVIDENCE THAT THE SURFACE INTERACTIONS REQUIRED FOR
"HOMING" ARE DEPENDENT UPON CYTOSKELETAL INTEGRITY IN BOTH THE LYMPHOCYTES AND
THE ENDOTHELIAL CELLS. SINCE THERE ARE A WIDE VARIETY OF AGENTS WHICH CAN
INFLUENCE THESE CYTOPLASMIC STRUCTURES, THESE RESULTS MAY REVEAL ENTIRELY NEW
MEANS FOR PHARMACOLOGIC MANIPULATION OF IMMUNE RESPONSES IN VIVO.

PROJECT 5. Stupies oF LyMpHOCYTE CHEMOTAXIS.

RESULTS DESCRIBED IN OUR LAST ANNUAL PROGRESS REPORYT HAVE SHOWN
THAT MODIFICATIONS OF THE IN VITRO TECHNIQUES DESCRIBED 8Y NELSON ET AL (1975)
CAN BE SUCCESSFULLY USED TO DEMONSTRATE BOTHM RANDOM AND DIRECTIONAL MIGRATION
OF LYMPHOCYTES UNDER AGAROSE IN A 3=CHAMBER SYSTEM DEVOID OF EXTRANEOUS SERUM
PRODUCTS WHICH PROVIDES STRINGENT CRITERIA FOR STUDYING CHEMOTAXIS. EacH
PLATE WAS EXAMINED BY LIGHT MICROSCOPY TO DETERMINE THE MORPHOLOGY OF THE
MIGRATING CELLS AND AN OCULAR GRID SYSTEM WAS EMPLOYED TO MEASURE DISTANCES
THE CELLS MAD MIGRATED FROM THE EOGE OF THE CENTER WELL. THE NUMBER OF
MIGRATING CELLS AND THE OISTANCES 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 MIGRATION FOR A LARGE FOPULATION
SAMPLE. MEASUREMENT OF THE MEAN LINEAR DISTANCE COVERED BY THE FARTHEST 10
CELLS MIGRATING FROM THE CENTER WELL TOWARDS TME CHEMOTACTIC FAcTOR (A) anp
TMAT FOUND FOR SIMILAR CELLS ON TNE OPPOSITE SIDE FACING CONTROL SOLUTiONs (B)
WERE ALSO USED TO SCORE TME CHEMOTACTIC INDEX (A/B) aND THE cHEMOTACTIC
otrrerenTIAL (A-B) oerineD By NELSON.

STUDIES COMPARING RANDOM AND DIRECT!ONAL MIGRATION RESPONSES OF
THE MIXED CELLULAR POPULATIONS PRESENT IN THORACIC DUCT LYMPH TO ENDOTOXIN
ACTIVATED seruM (EAS) IN THE ouTer weLL (A) AND NORMAL RAT SERUM IN THE
INNER WELL (B) ARE SHOWN IN TABLE 19. THE RESULTS DEMONSTRATED THAT BOTH
GRANULOCYTES AND MACROPHAGES RAPIDLY MIGRATED OUT FROM THE CENTER WELL OURING
THE INITIAL 2-7 HOURS OF INCUBATION. FURTHER, BOTH CELL TYPES CONSISTENTLY
SHOWED GREATER MOVEMENT TOWARDS WELLS CONTAINING EAS THAN WAS SEEN ON THE
OPPOSITE SIDE FACING CONTROL SERA. THIS APPEARED TO REFLECY TRUE CHEMOTACTIC
RESPONSES AND NOT THE NON=SPECIFIC STIMULATION OF RAN'OM CELLULAR LOCOMOTION
AS THE ADDI!TION OF PROGRESSIVE DILUTIONS OF EAS INTO THE CENTER WELL AT THE
START OF EACH RUN EITHER TOTALLY SUPPRESSED OR MARKEOLY DECREASED OUTWARD
CELLULAR MIGRATION. THE SMALL LYMPHOCYTES RESIDING WITHIN THORACIC DUCT LYMPHN
EXMIBITED MORE DELAYED AND SLOWER PATTERNS OF MIGRATION, BUT AFTER 12-18 HOuRs
OF CULTURE THESE CELLS SMOWED CLEAR EVIDENCE OF DIRECT IONAL MOVEMENT (MEan
CHEMOTACTIC INDEX OF U.3 AND A MEAN CNMEMOTACTIC DIFFERENTIAL OF 132 MiCRONS)
WITH A DEFINITE SHIFT IN THE POPULATION DISTRIBUTION CURVE TOWARDS THE EAS-
CONTAINING WELL. SINCE THIS RESPONSE WAS ABLATED BY MIXING EAS wiTH LYMPHOCYTES
IN THE CENTER WELL, IT APPEARED TO REPRESENT TRUE CHEMOTAX1S (NOT cHEMOKINESIS).
BECAUSE OF REPORTS INDICATING THAT THE EXPRESSION OF SURFACE RECEPTORS CAN
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VARY @CTWEEN LYMPNOCYTES (N OIFFCRENT STAGES OF MATURATION, ADDITIONAL
EXPERIMENTS WERE MADE TO ANALYZE THE CMEMOTACTIC RESPONSES OF LYMPHOCYTES
TRANSFORMED INTO THE "BLAST CELL" STATE BY MITOGEN STIMULATION., IN ONE

SERIES OF STUDIES, BOTH RAT SPLEEN CELLS AND THORACIC DUCT LYMPMOCYTES WERE
CULTURED WITH | pa/ML oF cONcANAVALIN A (A seLecTive T-crut smivogen). Ay

48-72 HOURS, DIRECT CELL COUNTS AND NISTOLOGICAL EXAMINAY ION OF STAINED SMEARS
SHOWED THAT VIRTUALLY ALL (B8-9U%) or THE SURVIVING CELLS DISPLAYED MORFHOLOGIC
CHARACTERISTICS TYPICAL OF BLASY CELLS. WMEN THESE T-BLASTS WERE PLACED INTO
THE CENTER WELLS OF THE AGAROSE PLATES, THEY EXNIBITED EARLY AND RAPID MIGRATION
WITH MANY CELLS COVERING SEVERAL MUNODRED MICRONS OF LINEAR DISTANCE WITHIN

3-& HOURS. ASSAY OF THE RESPONSE OF THESE CELLS YO EAS SHOWED A DRAMATIC

SHIFY IN THE POPULATION DISTRIBUTION CURVE TOWARDS THE A WELL WITH A CHEMOTACTY I
INDEX OF S.% AND A MEAN CMEMOTACTIC DIFFCRENT 1AL OF 1130 micrONs . EQuatLy
INTERESTING WAS THE FINDING OF TYPICAL MITOLIC FIGURES N MANY CELLS WHICH RAD
MIGRATED CONSIDERASLE DISTANCES FROM THME CENTER WELL. |DENTICAL OBSERVAY IONS
WERE THEN MADE USING B-BLASTS GENERAYED 8Y CULTURING RAY SPLEEN CCLLS WITH
(0=50 va /ML oF LPS ror 48=72 nwOouRS. AS THIS YIELDED A MIXED CELLULAR
POPULATION CONTAINING APPROXIMATELY HO% B-sLasts, 308 sMaLL LYMPMOCYTES AND

30€ MACROFNAGES, THE IDENTITY OF THE MIGRATING CELLS IN THE CHEMOTACTIC

ASSAYS COULD NOT DE ESTABLISHED BY INDIRECY PHASE MICROSCOPY, SO THAT allL

CELL COUNTS WERE MADE BY LIGHT MICROSCOPIC STUDY OF FIXED AND STAINED COVERSLIPS
REMOVED FROM THE AGAROSE PLATES AT THME END OF EACHM RUN. DESPITE THIS
LIMITATION, REFPEATED STUDY OF THESE CELLS HAS SHOWN THAT ONLY MACROPHAGES
DISPLAYED CONSISTENT CHEMOTACTIC RESPONSES IN THE NeusON assay, Tue B-#Lasts
APPEARED TO BE FAR LESS MOYILE THAN THEIR T=CELL COUNTERFARTS AND MIGRATED ONLY
100-200 1IN 12=18 HOURS. FURTHER, THEY EXNIDITED A MEAN CHEMOTACYIC INDEX

ar 1.11 ANDO A MEAN CHEMOTACTIC DIFFERINT AL OF 21 MICRONS WHICH PRODABLY INDICATE
THAY THE B-nLASTS DO NOT RESPOND WITH TRUE CHEMOTAX 1S ALONG GRADIENTS OoF EAS.
THIS FINDING WAS PARTICULARLY INTERESTING SINCE SIMILAR STUDIES WiTH LyMpnoma
CELLS (AN UNDIFFERENTIATED B=CELL RAT LYMPHOMA) ISOLATED FROM THE PERIPHERAL
8L00D OF LEWIS RATS DURING THE LEUKOSARCOMA PMASE DEMONSTRATED THAT THESE
NEOPLASTIC B-CELLS MOVED RAPIDLY UNOER AGAROSE TO TRAVEL DISTANCES OF SEVERAL
HUNDRED MICRONS IN 3=M NOURS, BUT THIS MIGRATION WAS PURELY RANDOM WITH NO
EVIOENCE FOR A DIRECTIONAL RESPONSE TO EAS. WHEN ALL OF THESE RESULYS ARE
COMBINED, THEY SUGGESYT THAY GRANULOCYTES, MACROPMAGES, SMALL T=CELLS AND
T-0LASTS SHOW CHEMOTACTIC RESPONSES TO A SERUM PRODUCTY WITHIN EAS wHiLE
EQUALLY MOTILE B-CELLS, B-0LASTS AND THE IR MALIGNANT COUNTERPARTS MAY LACK OR
FAIL TG EXPRESS THE SURFACE RECEPTORS FOR THIS CMEMOATTRACTANY FACTOR, 11 s
STILL UNCERTAIN WHETHER THE STRIKING DIFFERENCES IN THE MAGNITUDE OF ThE TOL
ANO T-BLAST RESPONSES TO EAS ARE RELATED SOLELY TO DIFFERENCES IN THEIR

RATES OF LOCOMOTION OR REFLECY OTHMER CHANGES SUCH AS THE DENSITY OF SURFACE
RECEPTORS. IN OUR INITIAL ATYEMPTS TO CLARIFY THIS (SSUE, CON A waS ADDED
DIRECTLY TO THE SMALL LYMPHOCYTE POPULATION IN THE CENTER WELL AN THE PLATES
WERE CULTURED FOR SEQUENTIAL YIME INTERVALS BEFORE ADDING EAS YO THE OUTER
weLts. To our surprist, THE REsULTS (TasLe 20) SUGGESTED THAT CON A MIGHTY
ACTUALLY SUPPRESS BOTH RANDOM AND DIRECTIONAL MIGRATIUN OVER THE FIRST 30
MOURS OF CULTURE, BUT ONCE DLAST CELL TRANSFORMATION APPEARED THESE CCLLS
EXMIBITED TYPICAL PATTERNS OF RAPIO RANDOM MIGRATION AND CHEMOTACYIC RESPONSES
vo EAS, FUTURE STUDIES WITH THIS MODEL SHOULD BE PARTICULARLY USEFUL IN
DEFINING THE METABOLIC AND THE STRUCTURAL CHANGES INDUCED BY LECTINS WHICH

ARE RESPONSIBLE FOR THE AUGMENTED N VITRO CHEMOTACYIC RESPONSES.

e

BECAUSE OF THE ADOVE FINDINGS WE MNAVE WONDERED WNETHER THE
DELAYED AND RATHER SLOW LOCOMOTION OF NORMAL SMALL LYMPNOCYTES IN THE AGAROSE
ASSAY COULD OE ENMANCED BY METABOLIC PERTURBATION OF THE CrLt. SINCE THERE
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HAVE UCEN REPORTS THAT THE RANDOM MOVEMENT OF GRANULOCYTES, MACROPMAGES AND
LYMPHOCYTES WAS INHIBITED B8Y EXOGENOUS CyCliC AMP AND ENMANCED BY INCREAS ING
INTRACELLULAR LEVELS OF CcycLic GMP, WE MAVE UTILIZED SEVERAL DIFFERENT

DRUGS IN ATTEMPTS TO MODIFY LYMPHOCYTE LOCOMOTION. HOWEVER, EXPERIMENTS
EMPLOYING A RELATIVELY WIDE DOSAGE RANGE OF DIBUTYRL cGMP, ACETYLCMOLINE AND
CARBAMYL CHOLINE MAVE ALL FAILED TO ENHANCE EITHER RANDOM OR DIRECT IONAL
MIGRATION OF SMALL LYMPHOCYTES IN THE AGAROSE PLATES. TESTS USING DIBUTYRL
CAMP, THMEOPHYLLINE AND CHOLERA ENTEROTOXIN HAVE SUGGESTED THAT THESE AGENTS
CAN SUPPRESS THE MOVEMENT OF BOTH NORMAL LYMPNOCYTES AND T-BLASTS IN VITRO,
BUT THIS EFFECT HAS BEEN TOO SPORADIC TO PERMIT ADEQUATE QUANTITATION WITH
THE TECHNIQUES AVAILABLE. INDEED, THE ONLY AGENT THAT WE HAVE FOUND WHICH
CAN ENMANCE CMEMOTACTIC RESPONSES 15 SERUM FROM LYMPHOMA O BEARING RATS.
WHEN EITHER CRUDE SERUM OR THE GLOBULIN FRACTION OBTAINED BY ETHANOL
PRECIPITATION WAS ADDED TO NORMAL RAT THORACIC DUCT LYMPHOCYTES IT INCREASED
THE IR CHEMOTACTIC RESPONSES TO ENDOTOXIN ACTIVATED SERUM 2= FOLD WiITHOUT
ALTERING RANDOM MIGRATION (MEAN CHEMOTACTIC INDEX OF [.4 AND A MEAN CHEMOTACTIC
DIFFERENTIAL OF 502 MICRONS). AS THIS ENMANCING EFFECT COULD NOT BE DUFLICATED
BY NORMAL SERUM, RAT GAMMA GLOBULIN OR RABBIT-ANTI=RAT IMMUNOGLOBULIN, THIS
ACTIVITY APPEARS TO BE UNIQUE TO THE LYMPHOMA SYSTEM AND STUDIES ARE IN
PROGRESS TO DETERMINE IF THE ACTIVE FACTOR 1S RELATED YO POLYCLONAL

ISOANT IBODIES OR CIRCULATING ANTIGEN~ANY IBODY COMPLEXES WHICH ARE KNOWN YO
APPEAR IN SOME TRANSPLANTABLE ANIMAL LYMPHOMAS.

HAVING ESTABLISNED THAT NORMAL RAY SERUM EXHIBITS CHEMOATTRACTANT
ACTIVITIES FOR ALL TYPES OF LEUKOCYTES (INCLUDING T-LYMPHOCYTES) AFTER
ACTIVATION BY ENDOTOXIN, WE HAVE ENGAGED IN A LENGTHY SERIES OF STUDIES TO
DETERMINE IFf THESE EFFECTS ARE OUE TO SLIT PRODUCTS FROM THE COMPLEMENT
CASCADE WHICH ARE KNOWN TO BE CHEMOTACTIC IN OTHER IN VITRO ASSAY SYSTEMS,
DATA SUMMARIZED IN TABLE 21 DEMONSTRATE THAT GRANULOCYTES, MACROPHAGES,
TOL AND T=~BLASTS ALL EXHIBIT CHEMOTACTIC RESPONSES TO ENDOTOXIN=ACTIVATED
SERUM, SINCI THIS ACTIVITY 1S COMPLETELY LGS Y BY PREHEATING THE SERUM AT
)b° FOR 20 MINUTES BEFORE ADDING THE ENDOTOXIN, BUT REMAINS UNALTERED IF THE
HEATING 1S CARRIED OUT AFTER ENOOTOXIN TREATMENT, THESE RESULTS APPEAR ENTIRELY
CONSISTENT WITH THE CHEMOATYRACTANT ACTIVITY BEING MEDIATED BY LOW MOLECULAR
WEIGHT SPLIT PRODUCTS FROM THE COMPLEMENT SEQUENCE (C'3A OR C'SA)' HOWEVER,
THIS CONCEPT CANNOY EXPLAIN THE SURPRISING FINDINGS OBSERVED USING SERUM
FROM RATS PRETREATED WITH COBRA VENOM AT DOSAGES OF 2 UG,/GRM B800Y WE IGHT, Av
INTERVALS RANGING FROM 1-24 HOURS AFTER INJECTING PURIFIED COBRA VENOM FACTOR,
THE SERUM WAS COMPLETELY DEVOID OF C'3 - C'9 ACTIVITIES DETECTABLE BY IN VITRO
ASSAYS. WHEN THIS C! DEPLETED SERUM WAS ACTIVATED BY ENDOTOXIN AND TESTED
AGAINST GRANULOCYTES AND MACROPHAGES IN THE NELSON ASSAY, THERE WAS NO SIGN
OF DIRECTIONAL MIGRATION = A FINDING ENTIRELY CONSISTENT WIiTH DEPLETION OF
TvE C'3a AND C'5a CHEMOTACTIC FACTORS. DESPITE THIS, ALIQUOTS OF THE SAME SERUM
SAMPLES CONSISTENTLY DISPLAYED CHEMOATTRACTANT ACTIVITIES FOR T-8LASTS anD TDL
WHICH WERE COMPARABLE TO THE BEST RESPONSES SEEN AFTER ACTIVATION OF NORMAL
SERUM. TOGETHER, THESE RESULTS PROVIDE THE FIRST EVILENCE FOR A SPECIFIC
CHEMOATTRACTANT OF LYMPHOCYTES IN ENDOTOXIN=ACTIVATED SERUM WHICH MUST BE
OISTINCT FROM C'o aND C'5‘. ATTEMPTS ARE NOW (N PROGRESS TO ISOLATE,
CONCENTRATE AND CHARACTERIZE THIS FACTOR AS IT MAY WELL REPRESENT THE PROTOTYPE
FOR STUDYING CHEMOTACTIC REGULATION OF LYMPHOCYTE TRAFFIC IN VIVO. WHILE THE
ABOVE OBSERVATIONS DO NOT PRECLUDE THE POSSIBILITY THAT C' sPLIT PROODUCTS MAY
ALSO PRODUCE NON=SELECTIVE CHEMOTACTIC EFFECTS UPON LYMPHOCYTES, IT IS MORE
DIFFICULT TO PROPOSE A PHYSIOLOGIC FUNCTION FOR THIS WHICH WOULD BE CONSONANT
WITH KNOWN CELLULAR RESPONSES TO INFLAMMATION IN VIVO. INOEED, TNE POSSIBLE
FUNCTION OF COMPLEMENT COMPONENTS AS DETERMINANTS OF LYMPHOCYTE RECIRCULATION
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SEEM QUITE REMOTE AS THE DATA PRESENTED IN TaBLE 22 CLEARLY DEMONSTRATE
THAY RADIOLABELED LYMPHOCYTES MOVE THROUGH LYMPHOID ORGANS OF VENOM~TREATED
RATS IN A PERFECTLY NORMAL FASHION DESPITE SUSTAINED SUPPRESSION OF THE IR
C'3 - C'g 1o unDETECTABLE LEVELS.

THE ABOVE RESULTS HAVE ALSO LED US TO ANALYZE OTHER WELL KNOWN
CHEMOTACT IC AGENTS FOR POSSIBLE CHEMOAYTRACTANY EFFECTS FOR LYMPHOCYTES IN
THE MODIFIED NELSON PLATES. DATA SUMMARIZED IN TABLE 23 DEMONSTRATE THE
RAT GRANULOCYTES ISOLATED FROM THE PERIPHERAL BL0OD BY FicoLL-Hyraque
GRADIENT SEPARATION EXHIBITED TYPICAL DIRECTIONAL MIGRATION AGAINST CRUDE
£. COL! CULTURE FILTRATE; THE CHEMOTACTIC TRIPEPTIDE-E-MET=LEU-PHE (SuPrPLIED
8y DR. ELL1OT ScHIFFMAN AT THE NATIONAL INSTITUTES OF HEALTH) AND THE CRUDE
BASOPHILE CHEMOTACTIC FACTOR PREPARED FROM SUPERNATANTS OF RAT BUFFY COAT
CELLS TREATED WITH THE CALCIUM 10NOPHORE A23187 aS DESCRIBED BY LICHTENSTEIN.
RAT PERITONEAL MACROPHAGES SHOWED SIMILAR,BUT SLIGHTLY LESS DRAMATIC RESPONSES
TO EACH OF THESE AGENTS. |IN CONTRAST, REPEATED STUDIES WITH THORACIC DUCT
LYMPHOCYTES, T-6LASTS, B-sLasTs aNo Lympnoma O CELLS ALL FAILED TO REVEAL ANY
EVIDENCE FOR DIRECTIONAL MIGRATION OF DEFINED LYMPHOCYTE POPULATIONS TO AGENTS
WHICH WERE CLEARLY POTENT STIMULATORS OF CHEMOTAXIS IN THE OTHER CELL LINES.
WHEN COMBINED WITH THE OBSERVATIONS DESCRIBED EARLIER, THESE RESULTS STRONGLY
SUGGEST THAT LYMPHOCYTES MUST HAVE COMPLETELY OIFFERENT TYPES OF SURFACE
RECEPTOR MECHANISMS FOR REGULATING THEIR LOCOMOTION. INDEED, THESE FINDINGS
WERE QUITE COMFORTING IN LIGHY OF OUR CURRENT KNOWLEDGE OF CELL TRAFFIC
IN VIVO AS IT WOULD BE DIFFICULT TO EXPLAIN HOW LYMPMOCYTE MOVEMENT OIRECTED
TOWARDS BACTERIAL PRODUCTS WOULD PROVIDE BIOLOGICAL ADVANTAGES FOR THE HOST.

ONE OF THE UNIQUE ADVANTAGES PROVIDED BY THE AGAROSE ASSAY IS
THAT CELLS CAN BE PLATED INTO THE PERIPHERAL WELLS AND THEN CULTURED FOR
SEVERAL HOURS TO 3 DAYS TO DETERMINE WHETHER THEY RELEASE FACTORS WHICH ARE
CHEMOTACTIC FOR OTHMER CELL TYPES ADDED TO THE CENTER WELL. OUR PRELIMINARY
OBSERVATIONS USING THIS GENERAL EXPERIMENTAL DESIGN ARE LISTED IN Tasrg 2M.
IN SUMMARY, THESE RESULTS PROVIDE THE FIRST EVIDENCE INDICATING THAT B-BLASTS
PRODUCE FACTORS WHICH ARE CHEMOTACTIC FOR T=BLASTS BUT APPARENTLY LACK THIS
EFFECT ON OTHER TYPES OF LYMPHOCYTES. SINCE THERE 1S 1IN VIVO EVIDENCE
SUGGESTING THAT SOME T-BLASTS MAY MOVE INTO GERMINAL CENTERS AND THE SURROUNO ING
MANTLE 2ONE (B-CELL AREAS), THESE OBSERVATIONS MAY PROVIDE OUR FIRST INSIGHT
INTO THE MECHANISMS WHICH ACCOUNT FOR THE REDISTRIBUTION OF LYMPHOCYTES INTO
DIFFERENT ZONES OF LYMPHOID TISSUES. FURTHER STUDY OF TH1S PHENOMENON AND
THE POSSIBLE MEDIATORS ARE NOW IN PROGRESS.

PROJECT 6. THE MECHANISMS OF IMMUNOPOTENTIATION BY STANDARD ADJUVANTS.

EVIDENCE SUMMARIZED IN QUR PREVIOUS PROGRESS REPORTS AND CURRENT
CONTRACT RENEWAL INDICATES THAT NON=SPECIFIC ADJUVANTS MAY POTENTIATE IMMUNE
RESPONSES 8Y A VARIETY OF MECHANISMS, 1.E.: DEPOT FORMATION; STIMULATION OF
MACROPHAGES; GRANULOMA FORMATION; RECRUITING BOTH ANY .GEN-REACTIVE AND HELPER
T-CELLS INTO THE NODE; INITIATING RELEASE OF LYMPHOKINES AND OTHER CELL
PRODUCTS WHICH FACILITATE HELPER EFFECTS; ACTIVATING MACROPHAGES; STIMULATING
T AND B CELLS DIRECTLY; ENHANCING THE PRODUCTION AND RELEASE OF HELPER T-CELLS
FROM THE THYMUS, AND E€YC. SINCE COMPLE TE FREUND'S ADJUVANT (CFA) nas secome
GENERALLY ACCEPTED AS THE BEST PROTOTYPE FOR NON=SPECIFICALLY AUGMENTING
IMMUNE RESPONSES 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 USE OF MURAMYL DIPEPTIDE AND CELL




PRODUCTS AS ADJUVANTS,

IN THESE STUDIES OVER 200 LEWIS RATS HAVE BEEN IMMUNIZED WITH VEE
VACCINE IN CFA, THESE ANIMALS WERE BLED AT SEQUENTIAL INTERVALS TO DETERMINE
ANT 1BOOY TITERS BY PLAQUE NEUTRALIZATION ASSAYS AND REPRESENTATIVE RATS WERE
KILLED AT 1, 3, 7, 14, 28 anD 56 DAYS POST=IMMUNIZATION TO DOCUMENT
MICROVASCULAR, MORPHOLOGIC AND CELL TRAFFIC CHANGES IN THEIR LYMPHATIC TISSUES.
RESULTS SHOWN (N TABLE 29 DEMONSTRATE THAT SUBCUTANEOUS INJECTIONS OoF VEE
IN CFA CAUSED A DOUBLING IN REGIONAL LYMPH NODE WEIGHT WITHIN 3=] DAYS.
THIS WAS FOLLOWED BY A GRADUAL DECLINE TO A MEAN OF 35 MG WHICH WAS
MAINTAINED FROM 28 TO 56 DAYS POST CHALLENGE. THESE CHANGES WERE VIRTUALLY
JIDENTICAL TO THOSE SEEN USING BRIEF ANTIGENIC EXPOSURE TO SKIN ALLOGRAFTS
DESPITE PREVIOUS POSTULATES THAT CFA SERVES AS A DEPOT PROMOTING LONG TERM
EXPOSURE OF THE REGIONAL NODE TO ANTIGENS. EQUALLY INTERESTING WERE
OBSERVATIONS THAT THE TOTAL LYMPN NODE MASS OF RATS INJECTED wiThH CFA
GRADUALLY INCREASED FROM A MEAN WEIGHT OF APPROXIMATELY U50 MG To 1190 Ma
(TasLe 26) OvVER THE U WEEK STUDY INTERVAL WHILE THAT SEEN IN SALINE INJECTED
CONTROLS FLUCTUATED BETWEEN [50-800 MG, WHILE THIS MAY REPRESENT RESPONSES
TO GRANULOMA DISSEMINATION THROUGHOUT THE LYMPHOID SYSTEM, THIS MAY NOT BE
THE SOLE EXPLANATION AS SPLEEN WEIGHTS IN THE CFA-TREATED RATS REMAINED
UNCHANGED OVER THE SAME 50 DAY INTERVAL.

MORPHOMETRIC TECHNIQUES WERE EMPLOYED TO RELATE THIS REGIONAL
NODAL ENLARGEMENT TO CHANGES IN THE MASS OF T AND B ceLL zonESs. ResuLTs
ILLUSTRATED IN TaBLE 27 DEMONSTRATE THAT LOCAL CFA INJECTIONS CAUSED A 3-FOLD
INCREASE IN MEAN CORTICAL WEIGHT WHICH PERSISTED FROM 3 TO 28 oavs rosT-
CHALLENGE. AFTER THE INITIAL INFLAMMATION RESOLVED, TH)S WAS PARALLELED BY
A 2-3X INCREASE IN BOTH THE NUMBER AND ESTIMATED MASS OF GERMINAL CENTERS WITHIN
THE ENLARGED CORTEX. AS THE MEDULLARY CORDS BECAME LONGER AND MORE PROMINENT
FROM 7-28 DAYS, THERE SEEMED TOBE LITTLE DOUBT THAT THIS IMMUNIZATION EVOKED
INTENSE CELLULAR PROLIFERATION AND DIFFERENTIATION IN THE B-ceLL zoNEs
CONSISTENT WITH A VIGOROUS HUMORAL ANTIBODY RESPONSE. THE SEQUENTIAL
MORPHOLOGIC CHANGES APPEARING WITHIN THESE NODES PROVIDED FURTHER INSIGHT
INTO THE POSSIBLE MECHANISMS OF IMMUNOPOTENTIATION BY CFA., HISTOLOGIC SCORING
OF THE LYMPHOCYTE MIGRATION INDEX (NUMBER OF MIGRATING LYMPHOCYTES PER 100
HIGH ENDOTHELIAL CELLS) STRONGLY SUGGESTED THAT THE TRAFFIC OF BLOOD=-BORNE
LYMPHOCYTES INTO THE NODES WAS INCREASED FROM | TO 23 DAYS POST CHALLENGE,
WHILE AUTORADIOGRAPHIC STUDIES MONITORING THE INTRANODAL TRAFFIC OF THESE
CELLS ARE STILL PENDING, THE FREQUENT FINDING OF LOOSELY ADHERENT CLUMPS OF
LYMPHOCYTES WITH APPARENT ''PLUGGING" OF THE INTERMEDIATE SINUSES CERTAINLY
SUPPORTED INCREASED TRAFFIC ACROSS THE NODE WITH POSSIBLE PARTIAL BLOCKADE
OF EGRESS. WHILE NUMEROUS ACTIVATED MACROPHAGES WERE FOUND IN ALL SINUS
PASSAGES, TYPICAL GRANULOMAS FIRST APPEARED IN THE OUTER NODAL CORTEX AT 4
DAYS AND GRADUALLY ENLARGED OVER THE SUBSEQUENT STUDY INTERVAL. WHILE IT SEEMS
QUITE PLAUSIBLE TNAT THESE CHANGES MAY BE RELATED TO ALTERED ANTIGEN CLEARANCE
FROM THE NODE, THIS CONCEPT IS JUST NOW BEING TESTED wiITH LABELED VEE. In any
EVENT, THIS COMBINATION OF INFLAMMATION AND MACROPHAGE ACTIVATION APPEARS TO
CAUSE PROLONGED RECRUITMENT OF RECIRCULATING LYMPHOCYTES THROUGH THE REGIONAL
NODE. WHOLE ORGAN COUNTS AFTER INFUSING 3x!0Y RADIOLABELED THORACIC DUCT
CELLS INTO THESE MOSTS DEMONSTRATED THa T THE 24 HOUR ACCUMULATION OF
RADIOACTIVITY IN THE NON=STIMULATED, CONTRALATERAL NODES CONSISTENTLY RANGED
NEAR 0.3% OF THE TOTAL INJECTED DOSE OVER INTERVALS RANGING FROM O 10 S0 DAYS.
IN CONTRAST, THE STIMULATED REGIONAL NODES CONSISTENTLY SHOWED 15 = 3X GREATER
UPTAKE OF RADIOLABEL BETWEEN 1| AND 28 DAys PosT=CFA INJECTION., WHILE THIS
CLEARLY PROVES INCREASED CELLULAR TRAFFIC THROUGH THE REG!ONAL NODES, THIS
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NON=SPECIFIC RECRUITMENT MAY BE RELATED IN PART TO AUGMENTED BLOOD FLOW

THROUGH THE ENLARGED NODE SINCE THE SPECIFIC ACTIVITY (DPM PER GRAM OF

TISSUE) WAS NOT SIGNIFICANTLY DIFFERENT IN THE REGIONAL AND CONTRALATERAL

NODES AT EACH TIME INTERVAL STUDIED. AS LYMPHOCYTE RECIRCULATION THROUGH

OTHER LYMPHOID ORGANS IN THE SAME HOSTS WAS UNALTERED (TasLe 30), 1T scemep
UNLIKELY THAT THE ENHANCED REGIONAL NODE TRAFFIC COULC BE ATTRIBUTED TO POSSIBLE
SYSTEMIC cHANGES (1.€., NON-SPECIFIC STRESS, ETC.) PRODUCED BY CFA.

THERE 1S FURTHER EVIDENCE SUGGESTING THAT THESE CELL TRAFFIC
CHANGES ARE RELEVANT TO IMMUNOPOTENTIATION BY CFA. DaATA COMPARING PLAQUE
NEUTRALIZATION TITERS IN SERA FROM RATS IMMUuNIZED VEE or VEE I1n CFA are
SHOWN IN TaBLE 31. THE RESULTS DEMONSTRATE THAT CFA INcrReEases VEE antisooy
RESPONSES BY 10-15X, YIELDING EFFECTIVE PROTECTION AGAINST CHALLENGE WITH
VIABLE ORGANISMS FOR TIME INTERVALS EXTENDING BEYOND 16 WEEKS. OF EVEN GREATER
INTEREST ARE THE OBSERVATIONS THAT THYMECTOMY |0-|h DAYS BEFORE IMMUNIZATION,
PROMOTED HIGHER AND MORE PROLONGED ANTIBODY TITERS REGARDLESS AS TO WHETHER
THE RATS WERE INJECTED WITH VEE ALONE OR IN cOMBINATION WiITH CFA. THEsE
EFFECTS WERE CLEARLY DEPENDENT UPON THE REGIONAL NODE AND COULD NOT BE
DUPLICATED BY INJECTING THE ANTIGEN=ADJUVANT MIXTURE INTO THE THYMUS WHICH
HAS AN ATRETIC LYMPHATIC NETWORK. SIMlLARLY, SURFACE=ACTIVE AGENTS LIKE
DIGITONIN PRODUCED LOCAL INFLAMMATION AT THE ANTIGEN INJECTION SITES WHICH
FAILED TO AUGMENT AND MAY EVEN HAVE SUPPRESSED IMMUNE RESPONSES TO VEE. SINCE
THE VACCINE PREPARATION EMPLOYED IN THESE STUDIES APPEARED TO BE A POTENT
IMMUNOGEN CAPABLE OF ELICITING ANTIBODY RESPONSES IN ALL RATS CHALLENGED,
THESE RESULTS SUGGEST THAT ADULT RATS HAVE ADEQUATE TISSUE STORES OF THE
IMMUNOCOMPETENT CELLS AND HELPER CELLS NEEDED TO MOUNT IMMUNE RESPONSES TO
VEE aANTIGENS. THE CELL TRAFFIC CHANGES INouccD By CFA PROVIDE ONE 0B8VIOUS
MECHANISM WHEREBY THESE CELLS MAY BE RECRUITED INTO REGIONAL NODES WHERE
ANTIGEN IS SEQUESTERED. HOWEVER, THE FACT THAT THESE ANTIBODY RESPONSES CAN
BE AUGMENTED AND PROLONGED BY THYMECTOMY, INDICATES THAT BOTH ANTIGEN-
INDUCED AND ADJUVANT=-MODIFIED IMMUNITY MAY BE MODULATED BY SUPPRESSOR CELLS,
NEWLY FORMED AND RELEASED FROM THE THYMUS. |F CORRECT, THIS MAY PROVIDE A
NEW PROTOTYPE FOR POTENTIATING IMMUNITY WHICH MAY BE OF CLINICAL RELEVANCE
AS PHARMACOLOGIC MEANS ARE NOW AVAILABLE TO SELECTIVELY INHIBIT CELLULAR
PROL IFERATION AND DIFFERENTIATION WITHIN THE THYMUS. FURTHER STUDIES OF THIS
PHENOMENON ARE NOW IN PROGRESS.
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TABLE |

THE EFFECTS OF VARYING CONCENTRATIONS OF RUTHENIUM RED DYE UPON
IN VITRO LYMPHOCYTE FUNCT IONS

#

Dose MivoGenic AGGLUTINATION ViaBiLITY BY SuRFace MiGRATION UNDER AGarOSE™
(ma/mL) RESPONSE Trypan BLue Patcues Caps  RanooMm DirecTiONAL
1.0 140 cem + 8.2 = o = %
0.5 156 cem . 96.8 1008 43% + +
! 0.1 612 cpPM 0 971.2 98% L48% + +
g ControL 345 cem 0 96.4 0 0 + +
5

#

5xo06 SPLEEN CELLS CULTURED FOR [2 HOURS WITH DYE AND PULSED WITH 3H-TuYM1IDINE FOR
2 HOURS.

*RANDOM AND DIRECTIONAL MIGRATION SCORED BY MIGRATION UNDER AGAROSE IN THE MODIFIED
NELSON CHEMOTACTIC ASSAY USING ENDOTOX IN-ACTIVATED SERUM.
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Taste 2

THE ACCUMULATION OF RADIOACTIVITY IN RAT ORGANS AFTER INFUS ING

300xl06 3H-URIDINE LABELED LYMPHOCYTES TREATED WITH RUTHENIUM RED DYE

Time AFTER % ToraL Dose ACCUMULATING IN RAT ORGANS AFTER TREATING
CeLL INFuSION TOL with 1 M RUTHENIW REDF

LN SFLEEN Liver Lungs Gur
24 wRr 1. 151 14,30 0.68 2.1k

% TotaL Dose ACCUMULATING IN RAT ORGANS AFTER TREATING
TDL Warn 0.05 MG RurHeENIum Rep

LN SPLEEN Liver Lungs Gur

2 HR 3.2 37.3 12.07 9.3 2.
4 wr 4.92 30.68 9.76 2.68 2.8%
& wR 7-36 21.30 8.58 1.30 IRy
24 wr 14.50 71.65 12.34 1.06 3.7

% TovaL Dose€ ACCUMULATING IN RAT ORGANS AFTER TREATING
TOL With 0.01 MG RutHenIum Reo

LN SPLEEN Liver Lunags Gur

2 HR i 36.6 11.05 .45 3.79
T 6.15 21.8 7.6 3.40 4.08
8 wRr 12.07 18.06 5.20 2.23 b
24 wr 20.02 6.15 5.00 .15 9.60

’EACN VALUE REPRESENTS THE MEAN FIGURE DERIVED FROM THE STuOY OF 3-5
RATS AT EACH TIME INTERVAL DESIGNATED.
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TABLE 3

THE EFFECTS OF VARYING CONCENTRATIONS OF ALCIAN BLUE DYE
UPON IN VITRO LYMPHOCYTE FUNCTIONS

Dose Mnoc:mc’ AGGLUTINATION ViaBiLITY BY SURFACE MiGRATION®
(ve/mL) RESPONSE TryrPan Brue Patcnes Cars RaNDOM DIRECT IONAL

200 306 cem + 10,.4% - - - -

20 182 cpm : 93.8¢% 1008 o8¢ + .

2 214 cem 0 96.6% 96% 53% + +

0.2 324 cem 0 95,84 4% 8% + +

CONTROL 268 cem 0 90.8% 0 0 + +

’5“06 SPLEEN CELLS CULTURED FOR |2 HOURS WITH DYE AND PULSED WiTH 3H-rivmio tne
FOR 2 HOWRS.

#RANDOM AND DIRECTIONAL MIGRATION SCORED IN MODIFIED NELSON ASSAY PLATES USING
ENDOTOXIN ACTIVATED SERUM.
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TABLE 4

THE ACCUMULATION OF RADIOACTIVITY IN RAT ORGANS AFTER
INFUS ING 300x10° 3H-URIDINE LABELLED LYMPHOCYTES TREATED WITH ALCIAN BLUE DYE

TiMe AFTER % oF TotaL Dose ACCUMULATING IN ORGANS AFTER TREAT (NG
INFus 10N TOL WiTH 200 uG ALcian BLue
LN SPLEEN Liver Lungs GuTr }
|
24 wRr 3.72 2.96 16.9 1.30 3.96

% oF TotaL Dose ACCUMULATING IN ORGANS AFTER TREATING
TOL WitH 20 uG ALcian BLue

24 wr 4.75 1.52 10.65 1.34 6.4

% oF TotaL DoSE ACCUMULATING IN ORGANS AFTER TREATING

TOL WiTh 2 uG ALcian Brut
ﬂ 2 HR 4.69 31.74 9.1 6.2 1.91
: L we 6.3 29.11 6.44 1.92 2.20 i
8 ur 9.62 20.25 4.2 1.27 2.25 4
24 wr 18.44 6.72 10.04 1.76 4.92

% oF ToTaL Dose ACCUMULATING IN ORGANS AFTER TREATING
TOL With 0.2 uG ALcian Buue

24 wr 8. 14 6.65 8.2 1.36 5.28

Sy SR 6 e
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TABLE 4

THE EFFECTS OF CONCANAVALIN A UPON IN VITRO LYMPHOCYTE FUNCTION

’

Doset MivoGenIc AGGLUTINATION ViaBiLiTy a8y SURFACE MiIGRAY ION®
(ua/ML)  Resronse Tryran BLue Pavcues Cars RanooM DiRECY1ONAL
) 43800 cpm 0 9% 338 0% 0 0

2.9 13 erm : 8o g 3% 0 0
5.0 il cem ++ 8¢ BN 4 8¢ Q 0
10.0 263 crm ++ sS4 ¥ o% 0 0
CoNTROL 218 cem 0 96.4% 0 0 + +

'f)xlo“ SPLEEN CELLS CULTURED FOR (2 HOURS WITH CON A AND PULSED WITH JH=THYMIDINE

FOR & MOURS.

SRANDOM AND DIRFCTIONAL MIGRATION SCORED 8BY MIGRATION UNDER AGAROSE IN THt
MODIFI1ED NELSON CHEMOTACTIC ASSAY USING ENDOTOXIN=ACTIVATED SERUM,
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TABLE ©

THE ACCUMULATION OF RADIOQACTIVITY IN RAT ORGANS AFTER IV INFUSION

WITH 300)“06 3H-URIDINE LABELED LYMPHOCYTES TREATED WITH CONCANAVALIN A

TIME AFTER % oF TotaL DoSE ACCUMULATING IN ORGANS AFTER TREATING
INJECTION TOL Wit 1+ uc Con A
LN SPLE‘EN LivER Luncs Gur
2 WR 2.93 17.82 1462 2.30 2.39
4 ne 6.23 30.74 34.65 6.13 5.50 ]
8 WRr 9.14 26.62 12.32 2.96 5.42
24 wr 17.70 6.33 7.98 2.36 3.89

% TotaL DoSE ACCUMULATING IN ORGANS AFTER TREATING
TOL Witk 2.5 va Con A

i LN SPLEEN Liver LunGs Gur
2 R 1ad 27.4%0 23.30 3.01 2.2y
4 wr 2.09 33.20 18.56 2.30 2.8
‘ 8 wR 5.63 31.03 10.02 0.03 1.60
;_ 24 wR 9.12 14.90 5.13 0.49 1.39
\ ; % ToTaL DOSE ACCUMULATING IN ORGANS AFTER TREATING

TOL Witk 5.0 ue Con A

LN SPLEEN Liver Lungs Gur
2 MR 0.47 1.07 12.73 2.63 2.79
4 wr 0.29 0.62 5.83 1.33 2.30
O MR 0.27 0.52 5.07 0.43 158
24 wR 0.30 0.35 5.26 0.36 vk

% ToTraL Dose AcCUMULATING IN ORG NS AFTER TREATING
TOL With 10 v Con A

LN SPLEEN LiveRr Lunas Gurv
2 WR 0.55 4.56 22.4%0 6.50 .08
b wr 0.ko 3.94 10.20 3.35 1.70
8 ur 0.69 4.28 7.90 ny 2.05

24 wR 1.25 2.71 .23 0.63 1.29
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TABLE 7

THE EFFECTS OF ANTI-IMMUNOGLOBULIN UPON IN VITRO LYMPHOCYTE FUNCTION

———

Dose MITOGINIC' AGGLUTINATION ViaBiLITY BY SURFACE MiGRAT 1ON®
(MG PrROTEIN/ML)  Response TRYPAN BLue Pavcues Caprs  RaNDOM DIRECTY 1ONAL
CANTI 16G SOmMG 1688 cpm 0 93.2% The g + +
ANTI 16G  Sme 874 cem 0 97.3% Ho ¥ 0¥ + + !
CoNTROL 202 cPMm 0 96.3% 0 0 + + ;
FATG 4OMa 100 cPM 0 0 SEY 4 N4 0 0 ]
’5x.06 SPLEEN CELLS CULTURED FOR 72 WOURS WITH ANTI 1GG AND FULSED WITH SH=THYMIDINE

FOR O HOURS.

*RANDOM AND OIRECTIONAL MIGRATION SCORED BY MEASURING THE MIGRATION OF AB=COATED
. LYMPHOCYTES UNDER AGAROSE IN THE MODIFIED NELSON ASSAY USING ENDOTOXIN ACTIVATED
SERUM AS THE CHEMOTACTIC STIMULUS.

ORa8817 ANTI RAT 1GG.

.RABBH' ANT I RAT THYMOCYTE GLOBULIN.
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TABLE &

THE ACCUMULATION OF RADIOACTIVITY IN RAT ORGANS AFTER

INFUS ING 300xl06 3H-URIDINE LABELED LYMPHOCYTES TREATED W1TH ANT | - IMMUNOGL OBUL IN

TiME AFTER ¥ ofF TovraL INJECTED DOSE ACCUMULATING IN ORGANS
INFUSI1ON

LN SPLEEN Liver Luna Gur

2 WR 3.49 2917 71.30 5.506 2.4

§onR 5.2k 1210 9.20 513 1.59

O NR [ bo 1.4 6.48 1.90 G P

24 WR Py 11Y U.9hH 2 el

THE ACCUMULATION OF RADIOACTIVITY IN RAT ORGANS AFTER INFUSING
300:“0O 3H-URIDINE LABELED LYMPHOCYTES PRE-INCUBATED WITH ANTI-THYMOCYTE GLOBUL IN

% oF ToraL INVECTED DOSE AccuMuLaTING )N ORGANS

TiMeE AFTER LN SPLEEN LiveRr Luna Gur
INFUSION

2 MR 0.33 1.58 1041 g 1.03

b wr 0.55 1.22 10.9 Vsl 2.45

O MR 0.32 142 9.6 0.94 3.02

24 wR 0.31 0.42 11.98 0.02 2.10
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TABLE 9

THE EFFECTS OF CYTOCHALASIN A ON LYMPHOCYTES IN VITRO

ULTRASTRUCTURAL CHANGES

Dose  ViasiLiTY Numser of ' DisTANCE MiGRATEDS  Loss oF AGGREGATED  SURFACE ZEOSIS
(va/mL) 4 MiGRATING CELLS RANDOM DIRECTIONAL MiCROVILLI MICROFILAMENTS BLEBS
0 98.6 9, 4o 186 0 0 0 0
0.2 95.8 108 52 201 3 - 0 0
2.0 96.4 8o 34 128 + + 0 t
4.0 96.7 42 20 52 e 4+ + +
0.0 97.2 0 0 0 4 44 ++ ++
8.0 94.8 0 0 0 4+ 44+ ++ ++

'MEAN NUMBER OF MIGRATING CELLS IN A 66P WIDE STRIP CONNECTING THE CENTERS OF ALL 3 WELLS
IN AGAROJSE PLATES.

ZMEAN LINEAR DISTANCE IN MICRONS TRAVELED IN 12 HOURS BY LYMPHOCYTE POPULATIONS SHOWING
RANDOM MOVEMENT AND DIRECTIONAL MIGRATION TOWARDS ENDOTOXIN ACTIVATED SERUM IN AGAROSE PLATES.

Bt e oy
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TABLE 10

THE ACCUMULATION OF RADIOACTIVITY IN RAT ORGANS AFTER IV INFUSION
WITH 300x10° 3H-URIDINE LABELED LYMPHOCYTES TREATED WITH CYTOCHALASIN A . *

% or TotaL Dose IN OrRGans AFTer TReEATING CeELLs WiTH 10 pc/mML

T::ﬁ:ﬁ::;: LN SPLEEN Liver Lunes GuT ;
2 WR 0.07 23.2 13.3 4.o 2.1
4 ur 0.1k 13.6 9.3 1.0 3.9
8 ur 0.1l 4.0 7.0 0.6 2.6 |
24 wR 0.15 2.0 1.5 0.1 3.9

4 oF TotaL Dose IN ORGANS AFTER TREATING CELLS WITH © uG/ML

# 0.18 ek “l2 it o2
4 ur 0.19 8.3 6.6 6.9 1.2
8 ur 0.19 3.9 7<% 1.7 2.3
2l wr 0.36 2.8 13 4.6 3.6
¢ oF ToTaL Dost IN ORGANS AFTER TREATING CELLS WiTH 4 ug/mML
R el e
4 wr 0.22 6.9 7.3 3.9 o]
8 wr 0.29 3.9 7.6 1.0 2.9
24 wR 0.48 2.0 5.3 27 3.9

7 oF ToTaL DOSE IN ORGANS AFTER TREATING CELLS WITH 2 UG/ML

2 we 2.13 ey o "3 o) |
b wr 2.50 12.9 8.9 3.8 2.3 5
O HR 5.05 10.7 12.5 4.3 S

2k e 9.08 4.7 5.2 2.3 3.8 |

#EACH POINT = MCAN VALUE DERIVED FROM STUDYING 3-5 RATS.
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TABLE

THE ACCUMULATION OF RADIOACTIVITY IN RAT ORGANS AFTER IV INFUSION
WITH 300x100 3H-URIDINE LABELED LYMPHOCYTES TREATED WITH CYTOCHALASIN B AT 10 ua/mt !

% or TotaL Dose InN OrGaNs

TiMe ArTer
INnJECTION LN SPLEEN Liver Lunags Gurt
£ MR 157 22.1 15.7 13.8 ir
2 WR 1.8 18.8 6.3 3.2 2.3
§ wr 1.56 12.9 10.0 3.6 0.9
N 2.92 9.5 7.8 1.7 1.8
24 we 5.19 3.5 13.3 3.7 5

’EACH POINT = MEAN VALUE DERIVED FROM THE STUDY OF 3=5 RATS.
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DruG
Dose

1072 covc
1073 coLc
lo-h coLc
10'6 couc
lO"8 coLc
10710 corc

IO‘h LtumtCorc

No DRruG

TABLE 12

VITRO EFFECTS OF COLCHICINE UPON RAT THORACIC DUCT LYMPHOCYTES

ViasiLITy BY
Trypan Brue
ExcLusioN

6b.3%
78.8%
94 .6%
98.2%
95.3%
ol ug
96.5%
95.4%

TraFFic KINETICS
(£ oF TovaL Dose ofF INJECTED RADIOACTIVITY
IN Lénpu Nooes 24 Hours AFTER lNFUSI’G

3x10° CeLLs Laveceo With 3H-UR1D1INe)
MEAN RANGE

6.12 (2.1-8.3)

6.48 (5.3-7.4)

16.56 (12.8-19.4)
18.21 (17.1-21.2)
17.85 (16.9-20.8)
17.54 (17.8-22.3)
22.4, (17.3-24.1)
19.80 (16.6-23.4)

#EACH POINT = MEAN VALUE OBSERVED IN STUDY OF 3-5 RATS

2 ‘A‘. * ad %
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TABLE 13

’ THE ACCUMULATION OF RADIOACTIVITY (% OF TOTAL DOSE INJECTED ) IN ORGANS OF
NORMAL RATS INFUSED WITH 300xu06 3H-URIDINE LABELED LYMPHOCYTES TREATED

WITH COLCHICINE FOR % HOURF

CeLLs PrRe=-INCuBATED WITH IO-hM CoLCHICINE
TiME AFTER

INFus 10N LN SPLEEN Liver Lunags GuTr
2 HR 1.90 38.2 9.6 9.6 3.90
4 ur 1.95 73 5.9 2.4 .43
8 HR 3.39 15.6 4.6 1.3 1.65
18 HR 9.72 5.2 5.8 0.8 1.60

CeLLs PRe-INCUBATED WiITH 10"OM COLCHIC INE

LN SPLEEN LiveR LunGs GuTt
2 R 1.63 22.1 12.9 5.7 1.23
4 ur 1,74 15.7 5.4 by, 1.03
8 wr 2.58 18.6 5.5 Vol 12
18 ur 10.90 5.7 4.7 0.6 1.26
CerLts Pre-Incusateo With 10-OM CovLcHicine

LN SPLEEN Liver Lungs Gut

2 HR 2.55 2. 6.9 3.9 2.7
4 ur 3.27 22.5 5.5 i 156 2.50
8 wr 5.91 16.4 3.3 1.0 2.90
18 uR 10.90 4.3 3.9 0.6 2.2

CELLS PRE-INCUBATED W1TH 10-OM CoLcn1C INE o

LN SPLEEN Liver Lunags Gurt
2 WR 4.10 29.7 by 4o 2.25
4 wr 6.56 25.5 4.7 2.1 3.0
b 8 R 8.72 25.3 2.1 3.6 2.5
18 R 13.19 r %, 4.6 0.8 2.70
UNTREATED CELLS i

LN SPLEEN LiVER Lunas GuT

2 WR 3.86 3.0 9.25 5.6h 2.34
4 we 5.67 30.1 1.51 1.80 2.83
8 wr 7.63 12.7 5.76 1.3 2.1
18 wuR 12.50 o % § 6.10 0.67 1.25

#EACH VALUE REPRESENTS THE MEAN DERIVED FROM STUDY OF 3-5 RATS.

T




TABLE 4

THE ACCUMULATION OF RADIOACTIVITY (% TOTAL DOSE INJECTED) IN THE ORGANS OF

NORMAL RATS INFUSED WITH 300)(106 3H-URIDINE LABELED LYMPHOCYTES

PRE~TREATED WITH LUMICOLCHIC INEY

TiME AFTER LN SPLEEN Liver Lungs
INFUS 10N
S MR 3.01 15.0M 30.40 he.y
2 WR 4.30 26.51 1.2 5.8
b wr 4,59 22.07 8.17 2.42
N 7.60 19.42 7.47 1.53
24 wr 20. 11 7.20 6.953 143
T e s @ UPTake UsING CELLS TREATED WITH 10-M LUMICOLCHICINE
N SPLEEN Liver Lunas
5 HR 3.78 20.29 28.13 37.62
2 MR 5.0 46.92 13.19 6.58
4 wr 7.28 35.60 8.33 3.93
8 Wr 12.20 28.42 6.79 2.7
2% wR 24.29 Ritl 10.72 3.70
5 @ Urtake UsING UNTREATED CELLS 355
LN SPLEEN Liver LuNnags
5 HR 3.80 25.86 26.98 35.84
2 WR 4.62 25.27 14,64 5.52
4 wr 4.66 27.35 9.07 2.59
8 wr 6.35 14.85 4.93 1.39
2h wr 20.76 6.68 6.4 1.27

#EACH POINT = MEAN VALUE DERIVED FROM THE STUOY OF 3-5 RATS.

% Uptake Using Cetts TREATED WiTh |0‘uM LuMICcOLCHIC INE

1.0%
?.\%I
3¢
Gur
2.00
Y.
2.85

5.08

Gyr
2.97

2.3k
1.98
1.93

3.0




39
TABLE 15
COMPARISON OF THE INTRA-NODAL DISTRIBUTION OF NORMAL AND COLCHICINE-TREATED

RADIOLABELED LYMPHOCYTES BY AUTORADIOGRAPHY AT SEQUENTIAL INTERVALS
AFTER TRANSFUSION INTO NORMAL RECIPIENTS

HEV HEV wail 10 HPF oF | MeouLLary | TotaL
Time AFTER LuMeEN AND SHEATH  DIFFUSE CORTEX SINUSES |
INJECTION NL  coLc NL CoLC NL COLC NL cOLC NL  COLC
3 MIN T TRy T, 5.8 0.3, 0.2 0 W8 0 27 2.1
30 MiIn Wl 3.8 27.8 4.1 ! 28.8 R 1.2 0 559.0 9.1
i
I HR 0.4 k.2 2.1 6.4 | 150.8 g 10.2 1.3 173.4 23,5
b we 23 08 12,0 0.9 302.8 10.0  25.0 1.4 342.6 130
|
24 ur YO0 5 223 10 W62 30N 23.3 26.3 455.4 332.8

# = OBSERVATIONS ON SUBMAND IBULAR NODES EACH VALUE 1S THE MEAN DERIVED FROM
STUDY OF 3= DIFFERENT NODES.
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TABLE 16

THE ACCUMULATION OF RADIOACTIVITY (% OF TOTAL DOSE INJECTED)
IN PERIPHERAL LYMPH NODES AFTER INFUSING 3H-URIDINE LABELED
THORACIC DUCT LYMPHOCYTES DERIVED FROM COLCHICINE TREATED RATS INTO NORMAL RECIPIENTS

NooaL UpTake of RaoioacTivity #

Hours AFTER TOL From TOL Frowm
CeLL INFusiON CoLcHICINE RaTs NorMaL Rats
3 0.4% 1.96
2 0.43 3.80
b 0.50 5.60
8 0.78 8.31
18 3.45 12.04

# = EACH VALUE REPRESENTS MEAN DERIVED FROM STUDY OF 3-5 RATs.

e S’ e s
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TABLE 7

THE ACCUMULATION OF RADIOACTIVITY IN ORGANS OF RATS INFUSED WITH 3H-URIDINE
LABELED LYMPHOCYTES ONE HOUR AFTER IP INJECTION WITH COLCHICINEI

CoLchiciNe Dose oF 1| MG/Ka

TiME AFTER LN SPLEEN Liver Lungs Gur
INJECTION
2 WR 0.61 5.5 16.3 15.7 5.
4 ur 0.94 9.3 17.0 3.6 6.1
8 WR 2.23 10.3 4.3 3.4 r
24 wr 2.18 2.9 6.3 0.9 4.9
CorLcHicine Dose ofF 0.5 ma/Ka
LN SPLEEN Liver Lunas Gur
2 WR .35 13.3 b 9.1 1.99
b we 1.82 8.1 13.8 4.0 2.61
8 MR k.10 8 13.6 2.9 5.43
2% wr 6.24 3.0 8.4 ot 2.9
CoLcHiciNe Dose oF 0.1 MG/Ka
LN SPLEEN Liver Lunas Gut
2 HR 2.01 1941 15 13.3 [
4 ur 2.45 7.6 3.9 1.6 1241
3 wRr 3.31 16 5.8 2.6 10.4
24 wr 7.85 4.3 0.6 R 2.6
SALINE ONLY IP Rt BT
LN SPLEEN Liver Lunas Gut
2 HR 2.4 28.3 4.9 5.6 3.0
b W 4o 24.5 6.2 ' 3.2
3 HR 7.3 16.8 6.3 R G
24 wr 4.6 6.2 5.1 0.8 6.5

#lN EACH STUDY COLCHICINE WAS INJECTED ONE HOUR BEFORE AND 8 HOURS AFTER CELL
TRANSFUSION TO MAINTAIN UNINTERRUPTED PHARMACOLOGIC EFFECTS DUE TO DRUG TURNOVER
IN VIVO.




TABLE 18

% Uptake

Dose or LN SPLEEN Liver
VINCRISTINE

None 14.97 16.01 11.03

10~ 'O 12.01 19.44 10.00

10~0M 1.67 17.83 12.20

10~ 9.88 15.28 10.31

10"t 9.76 16.22 11.33

#EacH VALUE = MEAN DERIVED FROM STUDY OF 3-5 RATs.

-

FErmﬂ

G s b e e e

THE ACCUMULAT ION OF RADIOACTIVITY (% TOTAL DOSE INJECTED) IN RAT ORGANS
24 HOURS AFTER INFUSING 300xlO6 3H-URIDINE LABELED LYMPHOCYTES TREATED WITH VINCRIST INE

Luncs Gur
1.72 6.21
15H 533
1.69 W77 ?
(.60 3.97 9
1.58 .78 j




Tyee oF LymMPHOCYTE PoPuLATION DlsTRlBuTION# CHEMOTACT IC CHeMOTACTIC
8y STEM-LEaF PLOTTING Inoex (A/B) DiFFerenTiaL (A-B)

NormaL TDL SHIFT TOWARDS A 4.3 132 M1CRONS
T-BLasTs SHIFT TOWARDS A 5.4 1130 MICRONS
B-BLasTs RANDOM 1.4 21 MICRONS
Lymproma 8 Ranoom (e 33 MIcRrONS
GRANULOCYTES SHIFT TOWARDS A 6.9 1280 mMicrRONS
MACROPHAGES SHIFT TOWARDS A 4.0 1060 M1CRONS

#p = CELL MOVEMENT FROM CENTER WELL TOWARDS OUTER WELL CONTAINING CHEMOTACTIC FACTOR

B
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TABLE 19

CHEMOTACTIC RESPONSES OF DIFFERENT RAT LEUKOCYTE POPULAT IONS

TO ENDOTOX IN-ACT IVATED SERWM

CELL MIGRATION FROM CENTER WELL TOWARD INNER WELL CONTAINING CONTROL SOLUTION
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TABLE 20

CHEMOTACTIC RESPONSES OF NORMAL RAT THORACIC DUCT LYMPHOCYTES (TDL) INCUBATED

WITH CON A AND THEN EXPOSED TO A GRADIENT OF ENDOTOXIN-ACTIVATED SERUM

Tvee ofF CeLLs

NormaL TDL
Con A-TDL at 24 wours
Con A-TDL at 36 wours

Con A-TDL at 48 wours

PorPuLaTION DISTRIBUTION
BY STeM=-LEAF PLOTTING

SHIFT TOWARDS A
NO MOVEMENT
NO MOVEMENT

SHIFT TOWARDS A

CHEMOTACTIC
Inoex (A/B)

4.3
0
0]
6.8

CHEMOTACTIC
DirrerenTiaL (A-B)

132 MICRONS
0

0

1390 Mi1CRONS
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TABLE 21
THE IDENTITY OF THE LYMPHOCYTE CHEMOATTRACTANT IN ENDOTOXIN-ACTIVATED SERUM
Tyre oF CerLt  Tyere o; PorPuLATION DISTRIBUTION Cn:noractnc CHEMOTACTIC
SERUM 8Y STEM-LEAF PLOTTING Inoex (A/B) DiFFerenTiIaL (A-B)

GRANULOCYTES NS RANDOM (I 23 MICRONS
GRANULOCYTES ENS SHIFT TOWARDS A 6.9 1280 Mi1crONS
GRANULOCYTES HNS+E RANDOM 1.3 34 microns
GRANULOCYTES ENS+H SHIFT TOWARDS A 6.0 1210 MICRONS
GRANULOCYTES CVS+E RANDOM 0.9 =30 MICRONS
MACROPHAGES NS RANDOM 1.0 O MICRONS
MACROPHAGES ENS SHIFT TOWARDS A 4.0 1060 M1CRONS

{ MACROPHAGES HNS+E RANDOM 1.3 30 MicRrONS
MACROPHAGES ENS+H SHIFT TOWARDS A 4.y 1018 Microns
MACROPHAGES CVS+E RANDOM 11 18 Microns
TOL NS RANDOM 0.9 -16 MICRONS
TDL ENS SHIFT TOWARDS A 4.3 132 MICRONS
TDL HNS+E RANDOM 1od 24 microns
TOL ENS+H SHIFT TOWARDS A 3.9 120 MICRONS
TOL CVS+E SHIFT TOWARDS A 3.2 98 M1crONS
T-BLasTs NS RANDOM 1.2 G0 M1CRONS
T-BLasTs ENS SHIFT TOWARDS A 5.4 1130 MICRONS
T-BLasTs HNS+E RANDOM 0.9 -46 microns
T-BLasTs ENS+H SHIFT TOWARDS A 5.0 1080 m1croNs
_T-BLasTs CVS+E SHIFT TOWARDS A 55 1166 Mi1cRONS |
#NS NORMAL RAT SERUM

ENS = ENDOTOXIN ACTIVATED NORMAL SERUM

HNS+E = NORMAL SERUM HEATED AT 560C FOR 20 MINUTES THEN TREATED WITH ENDOTOXIN
ENS+H = ENDOTOXIN ACTIVATED SERUM HEATED AT 56°C FOR 20 MINUTES BEFORE USE

CVS+E = SERUM FROM RATS DEPLETED OF C'3 - C'9 BY TREATMENT WITH COBRA VENOM FACTOR

AND ACTIVATED BY ENDOTOXIN
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TABLE 22

THE ACCUMULATION OF RADIOACTIVITY (% DOSE INJECTED) IN THE ORGANS OF VENOM-TREATED RATS

AT SEQUENTIAL INTERVALS AFTER INFUSING 300x100 3H-URIDINE LABELED LYMPHOCYTES

% Uptake 1N VENOM-TREATED RaTS

TiME AFTER LN SPLEEN LiveRr Lunags Gur
INJECTION
2 WR 3.59 25.19 9.99 7.83 419
4 wr 4.09 16.37 8.29 5410 b3
C HR 8.02 17.92 5.16 2.36 6.50
2% wr 9.89 5.74 4,22 0.94 5.28
% UPTAKE IN SALINE-TREATED CONTROLS
LN SPLEEN Liver Lungs Gur
2 HR 3.47 18.81 7.2 9.21 2.55
4 wr 5.95 20.83 6.62 2.93 L. &
3 ur 6.65 16.33 5.29 2.3 4.%0
2% wr 10.12 6.01 4.75 0.95 5.0

#EACN VALUE = MEAN DERIVED FROM STUDY OF 2-3 RATS.




Tyee oF CeLL

GRANULOCYTES
MACROPHAGES
T0L

T-BLasTs
B8-BLasTs

LympHoMa &

+
]

*
n
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TABLE 23

COMPARISON OF THE CHEMOTACTIC RESPONSES* OF RAT LEUKOCYTES
TO OTHER KNOWN CHEMOTACTIC FACTORS

E.coLt CuLTure SUPERNATANTS From CHEMOTACTICH
FILTRATE A23187-TreaTED TRIPEPTIDE OF
Burry Coat CeLLs SCHIFFMAN

+ + +

0 B :

0 0 0

0 0 0

0 0 0

0 0] 0]

CHEMOTACTIC INDEX OF 2 OR MORE AND/OR CHEMOTACTIC DIFFERENTIAL OF 100 Ok MORE MICRONS.

-0 -1
£ Mer-LEu=-PHE AT CONCENTRATIONS RANGING FROM 10 0 ON.
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TABLE 24

THE ABILITY OF LYMPHOCYTES TO SECRETE FACTORS CAUSING

DIRECT IONAL MIGRAT ION OF OTHER LYMPHOID SUBPOPULAT IONS

MIGRATING CeLL SourRce oF DiIRECTIONAL MOVEMENT CHEMOTACT IC CHEMOTACTIC
CeLt tyre  CHemOTACTIC STIMULUS INDEX DIFFERENT 1AL
B-oLasTs B-sBLASTS RANDOM 1ol 30 u
T-GLASTS B-BLASTS TowaRDS B cELLS 2 960 u
TOL B-BLASTS RANDOM 0.9 -10 v
Ly © B~BLASTS RANDOM 1.2 64
B-6LASTS T-BLASTS RANDOM 0.0 =48 v
T-0LASTS T-oLASTS RANDOM 1.0 10 u
TOL T-oLAsTS RANDOM (N 16 v
Ly 8 T-BLASTS RANDOM ki 72 v
B-oLaAsTS TOL RANDOM 1.1 1o
T-8LASTS TOL RANDOM 0.C =50 v
TOL TOL RANDOM 1.0 12 v

Ly 8 TOL RANDOM 0.7 -38 u
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TABLE 25

COMPARISON OF REGIONAL AND CONTRALATERAL AXILLARY LYMPH NODE WEIGHTS IN
RATS INJECTED SQ WITH COMPLETE FREUND'S ADJUVANT

Days AFTER REGIONAL CONTRALATERAL
CFA INJECTION Mean RANGE Mean RANGE
0 18 (16-21) 17 (14-21)
' 38 (24-65) 21 (13-28)
3 b4 (30-56) 21 (14-25)
7 53 (28-90) 29 (15-33)
1k 47 (26-63) 23 (11-30)
28 38 (26-58) 23 (13-28) 1
56 34 (29-42) 2l (18-27)

# = EACH POINT REPRESENTS THE MEAN OF 10 RATS STUDIED.
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TABLE 26

PERIPHERAL LYMPHATIC TISSUE WEIGHT AT SEQUENTIAL INTERVALS

AFTER CHALLENGE WITH VEE IN COMPLETE CFA

CFA InveEcTeED Rats # Satine INngecTED ContrOLS #
Days AFTER Lympeu Nooe Wt SPLEEN WT Lymen Nooe Wr SPLEEN WT
INJECTION

Y 760 482 70k ol
' 351 456 — =19
2 762 457 o A i
7 RE7 52k Ny 913

14 584 551 e e

208 a59 W3 749 Ll
50 17 519 9 533

# = EACH VALUE REPRESENTS MEAN DERIVED FROM THE STupY OF 10 RATS,

B e U

e b i T sl S

|
‘_




51

TABLE 27
SEQUENT IAL CHANGES IN T AND B-CELL ZONES OF REGIONAL LYMPH NODES AFTER

IMMUNIZATION WITH VEE IN COMPLETE FREUND'S ADJUVANT#

Da¥s ArTer LyMmpn Nooe CorTicaL ARea % oF Totar Nooe % oF TotaL Nooe CoRTicaL GC WE1GHT

CHaLLENGE  WEIGHT(MG) 8Y PLANIMETRY CoMPOSED BY Comrosen vy GC WEIGHT (ma)
CorTEX (ma)

MEAN © SD Mean € Sp MEAN © SD mean ¥ SD MEAN MEAN

0 W £33 2.3%¥0.9 56.5 t 4.0 2.0 3.y 1017 0.36

| 36 ¥ )2 2.1 % v 5% 1.5 2.0 8. 2:1.26 0.8

3 bo t 5.4 4.5 2 1 6h % 8.0 2.9% .68 32.24 1.19

i 53 2 6.7 5.6 £ 0.6 70 Tl 2.3 2.6 37.10 1,22

r ypEmE  3.8% . 65 *9.6 3.4 13 30.55  1.60

28 38 25 3.5t 1.7 10 %15 5.7 4.3 26.60 2.1

50 3 - b2 - --- --- --- -~-

# = EACH VALUE REPRESENTS THE MEAN DERIVED FROM STUDY OF 6=0 RATS.
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TABLE 28

SUMMARY OF THE RADIOKINETIC AND MORPHOLOGIC CHANGES APPEARING IN REGIONAL

Day ArTER
CHALLENGE

0

# =Wl =

* =T =

Mean Nooe
We 1GHT (MG)

18
38
4y
53
47
38
34

w#

(mean)

0.72
1.20
1.2
1.32
L
1.08

Tiw

(Mean)

0.94
1.86
3.03
2.24
3.23
1.63
totd

NUMBER OF MIGRATING LYMPHOCYTES

TOTAL DPM IN REGIONAL NODE

NUMBER OF ENDOTHELIAL CELLS

LaseLeo TDL ceres IV,

TOTAL DPM IN CONTRALATERAL NODE

LYMPHOCYTE
"PLugs "

0
+

++
++

+

<+

'+

GRANULOMA
ForMAT I1ON

0

0
0
(0]

+

COUNTED IN HISTOLOGIC SECTIONS.,

Q
a1 24 HOURS AFTER INFUSING 3x10" 3H-ur101NE

NODES DRAINING INJECTION SITES OF VEE VACCINE IN CFA

CorTicat  MepuLLARY
Mass(Mc) Mass (mc)
10.2 1.8
21.3 5.8
32.2 1.6
371 7
30.0 LR
20.6 9.3

!

i

?
——mJ
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TABLE 29

COMPARISON OF THE ACCUMULATION OF RADIOACTIVITY IN AXILLARY LYMPH NODES AFTER
INJECT ING H-URIDINE LABELED LYMPHOCYTES INTO CFA TREATED RATS

Davs AFTER Reaionat Nooe c&agﬁmc INDEX CONTRALATERAL NooE
CFA IngecTion Uptake (% oF voraL oose) /CPM 1N CN)  Uetake (% tortaL pose)
0 .3 .94 .33
| .65 1.86 .35
3 115 3.03 .38
7 .85 2.24 .35
1l P S 3.23 ko
28 .52 1.63 .32

1.7

29
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TABLE 30

A S I Ukl > iy

COMPARISON OF THE ACCUMULATION OF RADIOACTIVITY IN THE TOTAL

MASS OF ORGANIZED LYMPHATIC TISSUE OF CFA-TREATED RATS #

Days ArteEr Lymen Nooe Uptake + SPLEEN UPTaKE
CFA INJECTION (% oF pose IngECTED) (% oF poSE INJECTED)
Megan (rance) MEAN (ranae)
0 13.1 (12-14.5) 5.3 (3-9)
- 2.5 (12-13) 6.65 (5-5)
3 1.5 (10-12.3) 5.01 (5-0.0)
7 G (8-10.5) y (6-7.5)
1l o (13=14.7) 5 (H-06)
26 12.2 (1i=:2) 4.3 (%.1-5.0)
56 9.3 (8-11) 2.5 (1-3)

# = EACH VALUE REPRESENTS THE MEAN DERIVED FROM THE STUDY OF 3-5 RATS.

+ = ALL VALUES REPRESENT THE TOTAL UPTAKE AT 24 HOURS POST-TRANSFUSION WITH
LABELED LYMPHOCYTES.
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TABLE 31

THE EFFECTS OF ADJUVANTS UPON ANTIBODY RESPONSES TO VEE VACCINE

PLaQUE NeuTRALIZATION TITERS

TyePe oOF IMMUNIZATION :
RAT PROCEDURE 2 wks 4 wks 6 wks O wks 12 WKS 20 wks
NORMAL VEE X 106 557 403 640 320 go
SD 1.0 - 1.0 1o 15 1
SE 0.0032  0.0067  0.033 0.033 0.048 0.032
Tuvmex  VEE X ahj0 1463 522 o O RGNS I
SD 1.0 vl 3t 6.0 U 3.2
A SE 0.0032  0.0054%  0.0097  0.019 0.0  0.0h§
NORMA - VEE x 3378 6629 5090 3599 3578 560
+ 5D 1.0 1.2 1.3 5 1. &,
B AP A 0.0032  0.0037 0.0131 0.0145  0.013% 0.0150
THYMEX VEE X 13,194 15,229 8830 7007 5072 1700
+ SD 1.0 1l 1ol 1ol 1.2 1Y
CFASE ___ _0.0032 0.0034 _ 0.0035 _ 0.0034__ 0.0036 0.0l
NORMAL VEE x Buy 422 320 320 184 1o
INTO SD et 3.8 2.0 el 2.8 1.6
_Iuymus SE 0.0036 __ 0.0120 _ 0.0062 _ 0.0085  0.0086 _ 0.0072
NORMAL VEE X 320 159 35 20 17 10
+ SO 2.0 3.5 2.5 1.6 R -
DiGiTonIN SE 0.0062 0.0109  0.0078  0.0049  0.004k -~
THYMEX VEE X 8o 106 8o 139 61 83
+ SD 1.6 2.0 2.4 2.6 2.9 BNy
DiciTonIN SE 0.0162  0.0064 0.0076 0.0082  0.0092 0.0066
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AGENTS (1.€.: B-BLASTS ELABORATE FACTORS WHICH ATTRACT T-BLASTS).

STUDIES ON THE POTENTIATION OF IMMUNE RESPONSES TO VEE vaccine By
COMPLETE FREUND'S ADJUVANT INDICATE THAT AGENT CAUSES PROLONGED LYMPHOCYTE
TRAPPING AND GRANULOMA FORMATION IN THE REGIONAL NOOE CONSISTENT wiTn RE
STIMULATION WNICN ARE FOLLOWED BY NODAL ENLARGEMENT B8Y PROMINENT GERMINAL
CENTERS AND EXPANDED MEDULLARY CORDS. OF EQUAL INTEREST ARE DEMONSTRAY IONS
THAT THYMECTOMY PRIOR TO CHALLENGE WITH VEE VACCINE ALONE OR IN COMBINATION
WITH ADJUVANTS RESULTS (N GREATER ANO MORE PROLONGED ANT!BODY RESPONSES THAN
ARE SEEN BY COMPARABLE IMMUNIZATION OF INTACT ANIMALS. TMESE RESULTS SUGGEST
THAT THE ABROGAT ION OF T~CELL SUPPRESSOR EFFECTS MAY PROVIDE ANOTHER MEANS
FOR AUGMENT ING IMMUNE RESPONSES INDUCED BY VACCINES AND ADJUVANTS.
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