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CELLULAR II,~JIIINOLOGY 38, 403-416 (1978) 

The Human LT System’ 

II. Immunological Relationships of LT Molecules Released by 
Mitogen Activated Human Lymphocytes in Vitro 

ROBERT S. YAMAMOTO, JOHN C. HISEKODT, JOHIC E. LEKIS,’ 
CONDIE E. CARhlACK,3 AND GALE .%. GRAN(;ER 

Drpavtwmt of Molrc~lar Biology and Biochesnistry, ClzivtTrsif?, of Culifovrticl, 
If&w, California 92717 

2 Dcpnrtrrrmt of Mcdiciuc md Pathology, Loma L&da C>livcrsity Mcdicnl Critter. 
Loma Linda, Califorlzia 92354 

3 Dcfwrhrzrrlt of Microbiology, UGzcrsity of Colorndo, Fort Collim, Colorado 

Rrccivrd Novrwbcr 11, 1977 

Materials with LT activity present in supernatants from PHA stimulated human 
lymphocytes in vitro are very heterogeneous and can be separated into multiple 
molecular weight classes, termed complex, 01, /3, and y. Several of these classes can 
be further resolved into subclasses by other physical and chemical methods. The 
immunologic relationships of these materials one to another were examined employing 
various rabbit anti-humn LT sera which will neutralize LT activity on L-929 cells 
i~a vitro. These studies reveal : (a) LT activities are due to a distinct group of sub- 
stances which are immunologically related one to another and can exist in several 
molecular weight forms ; (b) a high MW class of molecules, termed complex, appears 
to contain all currently known LT classes and subclasses; (c) LT classes and sub- 
classes both have common (public) and discrete (private) antigenic specificities; ((1) 
human LT classes and subclasses do not appear to share Ag determinants with 
materials with LT activity released by lectin stimulated lymphoid cells from rabbit, 
rat, hamster, guinea pig, or mouse; and (e) human LT molecules are not immuno- 
logically related to cell toxins released by glass adherent human peripheral blood 
monocytes or PMN cells. These data indicate human LT molecules form a “discrete 
system” of lymphocyte derived cell toxins, which can associate together into various 
related but different MW forms in the supernatant. 

INTRODUCTION 

1”ictivatetl lymphocytes can release materials, termed lymphotoxins (LT), which 
can cause growth inhibition or cell lysis in z”itro (1). Physical-chemical studies 
reveal that materials with LT activity released by lectin activated human lympho- 
cytes in z&o are heterogenous (2-S). 1ihile complex, these materials can be 
separated into four “classes” on the basis of their molecular weight, termed complex, 
CY, p, 3nd y. These classes can be further resolved into multiple “subclasses” on the 

1 This research was supported by Grant No. AI-09460, from the Institute of Allergy and 
Infectious Diseases, NIH, Grant No. TM-32, from the American Cancer Society, and (irant 
No. 1883. from the Rheumatic Diseases Research Foundation. 
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basis of their charge (5). However, the relationship of the classes and subclasses of 
human LT molecules one to another is still not clear. Antibodies are powerful tools 
when employed in conjunction with physical-chemical methods, to establish differ- 
ences and relationships between macromolecules. Antibodies have been used to 
examine relationships between complex families of proteins, i.e., allotypes of 
immunoglobulin molecules (6)) histocompatibility antigens (7)) and C’ components 
(8). It is clear that generation of antibodies specific for human LT classes and 
subclasses would permit a means to begin to examine relationships of these materials 
one to another. Human LT molecules are immunogenic, for several investigators 
have generated antiserum in rabbits which will neutralize LT activity in &fro (9). 
However, to generate these antisera, these authors employed relatively large 
amounts of LT and immunized their animals over a long period. We have reported 
methods which only require small amounts of material for inducing antibodies in 
rabbits and goats, which will neutralize different classes and subclasses of human 
LT molecules in vitro (10). The present study employs these sera to examine 
the immunologic relationship between the various classes and subclasses of human 
LT molecules released i?l vitro by mitogen stimulated human lymphocytes. J$‘e find 
materials with LT activity in the supernatants to be composed of members which 
are both immunologically similar and those which are immunologically distinct 
from one another. A very interesting findin g is that the high molecular weight 
LT class, termed complex, appears to contain all the subclasses of the human LT 
system. 

MATERIAlAS AND METHODS 

Target Cells and Culture Media 

Stock cultures of mouse a-L-929 fibroblasts were used as target cells, as 
previously described (11). These cells were m.aintained in 32-0~ prescription 
bottles in 95% air, 5% COZ, and passed biweekly. Culture media consisted of 
RPMT-1640 (Grand Island Biological Co., Grand Island, N.Y.), supplemented 
with 370 heat-inactivated (.56”C, 1 hr) fetal calf serum (RPMI-S) (Grand Island 
Biological Co., Grand Island, N.Y.), streptomycin (100 s/ml) and penicillin (100 
U/ml). 

Lymphotoxin Assays and Antibody Neutralization Tests 

The details of these methods have been reported previously (12). Briefly, target 
L cells, lo5 L cells in 1.0 ml, were established as monolayers in screw-capped tubes 
in RPMI-S, containing 0.5 ,pg/ml mitomycin C (Sigma, St. Louis, MO.), After a 
24 hr incubation at 37”C, the cells were used as follows: 

a. Deter&nation of the nwnber of LT units in a given LT fraction or super- 
natant. Serial dilutions of LT-containing or control supernatants or column frac- 
tions in RPMI-S were added to duplicate L cell cultures and allowed to incubate 
at 37°C. After 24 hr, the remaining viable adherent cell number was then enum- 
erated on a Model F Coulter Counter. One unit of LT activity is defined as that 
amount of material which destroys SO% of the target L, cells (50,000). The 
reciprocal of the highest dilution which destroys 50c& of the target I, cells tlc~~otcs 
the number of LT units/ml in a given supernatant or fraction. 
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b. Antiserum nezttralization studies. Each serum was first tested to determine its 
effectiveness to neutralize a known amount of LT activity on L cells in zritro. Olle 
milliliter of culture medium containing 100 to 300 units of added LT activity was 
incubated with various amounts of test or control antisera or IgG fractions for 1 hr 
at 37°C and subsequently placed on duplicate L cell tube cultures for an additional 
25 hr at 37°C. The percent neutralization of I,T activity was determined by the 
following formula : 

((‘ell ru’o. + I,T + Ab) - (Cell N’o. + LT + NRS) x 1OO = 7. neutra,i7ation 
~~ Em<pq ?JRS) - (Cell No. + LT + NRS) ~- 

From these dose curves we determined the optimal amount of antisera necessary 
to neutralize this amount of LT activity. This amount of serum was then used on 
subsequent tests to indicate the reactivity of that sera lvith other supernatants, 
classes or subclasses of LT. 

&4. Nlfllzan LT. The details of these methods have been reported previousl\ 
( 13). Briefly, lymphocyte suspensions were obtained from tonsils and adenoids, 
and established in culture, at a density of 5 X lo6 viable cells/ml in RPXI 1640, 
containing 20 pg/ml phytohemagglutinin-P (PHA, Difco, Detroit, Michigan) 20 
pg/ml of a heat-stable boiled serum fraction obtained from newborn calf serum 
(BS) ( 13), and antibiotics. All supernatants from activated lymphocytes (SAT.) 
were cleared of cells by either centrifugation at 300g for 10 min, or passage through 
one layer of glass fiber filter paper (Gelman, Ann Arbor, IIich.), in a Buchner 
Suction Funnel. * 

B. LT activity fromti various animal species. SAL obtained from various animal 
species was generated in the following manner. Details of this technique have been 
published elsewhere ( 14). Briefly, spleens from nonimmunized animals were 
aseptically removed, minced, and a single cell suspension prepared in RPMI-S. 
The cells were incubated in 32 oz glass prescription bottles at 37°C for 60 to 90 
min after which the nonadherent cell population was removed and used as a source 
of lymphocytes. 25 x lo6 of these cells, 95 to 98% viable, in 10 ml of RPMI-S 
were then placed in 36 mm Falcon plastic petri dishes. Each dish contained 5 x lo5 
mitomycin C treated L-929 monolayer cells, previously coated with PHA-P (100 
pgjml for 1 hr at 37°C). The lymphocytes and target L cells were allowed to 
incubate at 37°C for 8 to 10 hr, after which the cell-free supernatants were collected 
and tested for 1,‘~ toxic activity. Neutralization of toxic activity in these suprr- 
natants by anti-LT was then tested. 

C. Toxic activity obtaivled from cultures of glass adherent lzrrwian jcl-iphcral 
blood crZls. Freshly drawn heparinized peripheral blood was obtained from normal 
human donors and layered onto a 3% dextran PBS solution and allowed to sedi- 
ment at lg at 37°C for 1 to 2 hr. The leukocyte enriched layer was then removed 
and washed three times with PBS containing 3($ %‘CS, ant1 stlspentle(1 in 20 1111 
1: I’LlI 1fM containing 10°$ 1:(‘S at x tlvnsity of 5 X 10” cdls/inl. ‘1‘1~ ~11s wfq-(’ 
:lhvd to incdnt(! at 37°C for 1 llr in 16-oz glass ~~l-cscrilJtiOll IJC)t~lrS. ~OI1:L~~~lt~l~C~ll~ 

cells \vcre removed by gentle agitation and 20 ml of Rl’MI-S xc-as added to t11e 
remaining adherent cells. After 36 hr at 37”C, supernatants from the glass adherent 
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cells were collected and cleared of remaining cells by centrifugation at 5OOg for 10 
min. The supernatants were then stored at -20” until use in the neutralization 
studies. 

Separation of LT Molecules for Iwmmization and Ab Neutralization Studies. 

Human lymphocyte supernatants were first concentrated by a factor of 30 or 50 
by passage through a BioRad Hollow Fiber Concentrator with a 30,000 MW 
exclusion size at 4°C ( BioRad, Los Angeles, Calif.). The concentrate was aliquoted 
and frozen at -7O”C, and/or subjected to a sequence of various physical-chemical 
separations employing a combination of molecular sieving, ion exchange, and gel 
electrophoresis, as previously described (5). Samples containing p or y class 
LT activities were handled rapidly and tested as soon after collection or fractiona- 
tion as was possible, because of their lability ( 15). 

Imnzz~ni~ation fiocedzwes and collection of antiserum 

The details of these procedures are described elsewhere (10). All experiments 
employed outbred female New Zealand white rabbits (Valley Lab Supply Co., Mira 
Loma, Calif.), 2.5 to 3.0 Kg in weight. Samples for injection were emulsified in 
an equal volume of Freunds Complete Adjuvant (FCA). Acrylamide gel samples 
were first macerated by passage through a 3.0 ml syringe with a 20 gauge needle. 
Animals were immunized by three basic routes-subcutaneous (SC), intralymph 
node (IN), and intradermal (ID). The former were administered by the method 
of Vaitukaitis (VK-ID) et al. (16). A nimals were bled by cardiac puncture 6 
weeks after the initial immunization, and whole blood was allowed to clot at 37°C 
for 2 hr. The supernatant was carefully aspirated and cleared of RBC by centrifu- 
gation at 5OOg for 15 min. Cell-free serum was heated at 56°C for 45 min, filter- 
sterilized and frozen at -20°C in 7.0 ml aliquots. Preimmune serum was collected 
from each rabbit. Sera were tested for reactivity with the immunizing LT prepara- 
tion, and if a positive response occurred in 6 to 8 weeks, these animals continued to 
receive immunizations. Only sera obtained from individual positive responder 
animals were pooled and employed in these experiments. Sera employed in these 
studies were obtained from animals immunized with one of the following prepara- 
tions: (a) unfractioned serum-free, whole supernatants (anti-WS) ; (b) a single 
MW class of LT (anti-a, ,R, etc.) that had been purified by Ultrogel chromatog- 
raphy twice with an undetectable amount of contaminants from other classes: (c) 
a single highly refined LT subclass (anti o(~, 012, etc.) that had been purified by 
Ultrogel chromatography twice, DEAE-cellulose chromatography once, and then 
subjected to PAGE. The animals were then immunized with materials obtained 
from PAGE gels. 

Preparation of IgG fractions 

A 40% ammonium sulfate precipitation (ppt) was performed on test or control 
serum at 4°C. The PPT was dissolved in PBS. The samples were then dialyzed 
against low salt DEAE buffer (0.05 hl NaCl, 0.01 M Tris, pH 8.0) for 24 hr at 
4°C. The dialyzed material was then ultracentrifuged at 10,OOOg for 30 min. The 
supernatants were then chromatographed over a DEAE column (2.4 x 20 cm) 
in low salt DEAE buffer. Each fraction was monitored for absorbence at 280 nm, 
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and the first peak of absorbency was denoted as IgG in all these studies. Double 
diffusion and immunoelectrophoresis of this fraction against goat anti-rabbit serum 
and goat anti-rabbit IgG revealed single bands of protein. Polyacrylamide gels of this 
fraction revealed a single broad band at the IgG region. 

RESULTS 

The Ability of Sera from Norlnal and Immztnized Rabbits to I&bit LT Indttcrd 
Cytolysis of L-929 Cells In vitro 

All sera were first tested to determine their effectiveness in neutralizing various 
standard human LT preparations in vitro. In these tests, the amount of LT was 
held constant at 100 to 300 units/ml and increasing amounts of serum were added 
to 2 to 3 ml samples. After 0 to 2 hr incubation at 37”C, 1.0 ml samples were tested 
in duplicate for I,T activity, as described in Methods. An experiment which illu- 
strates the data obtained by this technique is shown in Table 1. Antiserum from 
rabbits immunized with unfractioned whole supernatant (previously termed D 
series) and LY class (termed B series) LT were tested in their ability to neutralize 
fresh whole supernatant LT activity or (Y class LT activity (10 j . All levels of test 
sera employed had inhibiting effects on in vitro I,T-lytic activity. Maximum inhibi- 
tion was attained with 50 to 1.50 ~1 of antiserum per ml of supernatant or a-LT. 
In contrast, preimmune or normal serum controls had little or no effect (0 to 10%). 
These experiments were repeated a total of three to five times with similar results. 
These sera were assigned a specific activity based on the number of I,T units 
neutralized per microliter of serum. It was routinely observed that all sera employed 
in these studies possessed specific activities which ranged from 1 to 8. In these 
experiments, we thus employed antiserum of predetermined effectiveness against 
LT samples of activity which were preadjusted to 100 to 300 units/ml. Extensive 
physical-chemical and immunologic experiments were conducted with each anti- 
serum or antiserum pool and have been reported elsewhere to verify that the LT 
neutralizing activity was due to interaction with imm~moglohuli11~li~~ molecules and 
not by other mechanism(s) (9, 10, 17). 

TABLE 1 

The Capacity of Various Amounts of Anti-WS and Anti-a-I-T Sera to Neutralize L’I‘ 
Activity Present in Whole Supernatants or Fractions of a-LT 

Serum tested/ml 
of sample 
Anti-WS 

LT preparation 
WS ff-LT 

Serum tested, ‘ml 
of sample 
Anti-or-LT 

LT preparation 
lb3 a-LT 

50 j&I 80” 7oa 50 Ml 30” 70~~ 
100 100 95 100 40 95 
200 100 100 200 60 100 
300 100 100 300 65 100 

a Increasing amounts of test and control sera were added to 2 ml samples of either whole super- 
natant (WS) or sephadex fractions containing alpha class LT activity. They were incubated 1 hr 
at 37°C and duplicate samples tested directly on L cells as described in Methods. The percent of 
neutralization was determined in comparison with the effects of similar amounts of normal or 
preimmune serum controls as described in Methods. 
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‘TABLE 3 

Reactivity of Various Anti-LT Class Antisera with LT Activity in UThole Supernatant 

and Fractions Containing Various Classes or Subclasses of Human LT Activity in vitrct 
____._._~~ ~~ ~ ~~ ~~ ~~ 

.\ntiserum LT preparation 
employed ~~~~ -~ 

\Vll”k Class Sill,CkW 

srl,,ernata*,t ..~ .__ _ .._~_ ~- 

IVS Complex a io 7 al a? a?i a,,, u:, 
._____ 

:Inti-complev~ +” ++ +++ + - ++ + + ST 

.\nti-a LT’, t+ +tt +++ + - +++ ++ +++ y?‘ ;_ 

.\nti-p LT‘ 
F, NT +++ t+ -2 

:r - 
‘+ ++ s T s ‘I + t 

Ii2 ET +++ - _ _ s7 s I 
__~__ ~ ~__~~_ _~~~_ ~ ~~ 

0 Rabbits were immunized by the VK-ID method with rechromatograpl~ed Ultrogel fractions containing comjiks 
LT activity in FC.-\. Sera were collected and tested as described in Table 1. 

b Rabbits were immunized by VK-ID with rechromatographed Sephadex G-150 fractions containing rr-LT. Tlwse 
rabbits (designated B series-5 rabbits) all responded to immunization. Sera collected from these five rabbits wen’ then 
pooled together and employed in these experiments. 

c Rabbits were immunized by VK-ID with rechromatographed Ultrogel .%A-44 fractions containing /3 class LT 
activity. The sera collected from these rabbits (designated F series-F, and Fr) was tested for reactivity with various 
classw of LT as described in Melhods. 

* Percentage neutralization calculated as in Table 2. 

Capacity of Serum from Rabbits Iwnwzi,-ed with Il:hole Su/wrnafant ( &I’S) fr011~ 
PHA Sfimulated Humax Lymphocyfes to ;Yeutralize 7t’S aud Frarfiomrfed 
Classes ayzd Subclasses of Human LT Actizity ix yitro 

Antiserum employed in these studies was obtained from rabbits 2 and 4 of the 

11 series which had been immunized with whole supernatant, as previously described 

(10). These sera were tested for their ability to neutralize various classes ant1 

subclasses of human LT activities. These experiments were conducted over a one 

year interval, and were repeated a total of five times with the fractions obtained 

from three to five different physical-chemical separations. The results of these 

studies are shown in Table 2. It is clear that these sera were effective in neutralizing 

from SO to 100% of the lytic activity associated with whole supernatant and various 

LT classes and subclasses in vitro. 

The Capacity oj Serum from Rabbits, Immunized with Vaviozrs Molecular IZ'r3i,cJlzt, 

Classes of Hztwan LT, to Neufralkc W’s avtd Various LT Classes and S~~bclassc~s 
in vitro. 

Serum was obtained from animals immunized with the complex, 01 and p 

molecular weight human LT classes obtained by molecular filtration chromatog- 

raphy. Anti-complex sera employed are from two animals pooled separately. Uoth 

sets of sera gave similar patterns of reactivity. Anti-a serum employed is from a 

single serum pool of five responder animals which has been previously described 
(B pool), Anti-,8 serum employed is from two responder animals designated in the 
F series. The sera from each animal were separately pooled. These studies were 
repeated a total of three to seven times on materials resulting from numerous super- 

natant lots and separations. These collected results are shown in Table 3. Anti- 

complex sera was strongly reactive with coinplex, (Y clahs, :u~l (Y, st~l~vlais, :1t1(1 
\v~:tkly reactive \vitli \1!S, /j class, and CY:: and LYE:, sul~~lass~3. It wts ncmrracli\ c 

wit11 y class and 013. Anti-a serum was strongly reactive with M’S, complex, ;md (y 

class and all ti subclasses. It was weakly reactive with /3 class and nonreactive with 
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I<c,Irlivil~ oy Al\ti-WlLolC SkIpet-nataltt (Au1 i-W) \\ il h I I I Ac I ivi(-! itI 
Supernatants Obtained from PHA Stimulated L~mphoid Cells from 

Various Animal Species in Vi/itroc‘ 

Species studied I’nits/ml 
+ NRS 

LYnits:‘ml 
+ Anti-KS 

<; 
Neutralization 

Human 250 f 22 <2 >99’; 
Mouse (C57H 1,‘6) 325 f 16 310 f 23 N.S.” 
Rat 16f 1 18zt 1 N.S. 
Hamster 28f 3 Aif. 4 N.S. 
Guinea Pig 96f 7 91s 3 N.S. 
Rabbit 270 f 11 256 f 10 N.S. 

_~~~ ~~-.--~- ~~~~ -- 

a LT activity from various animal species (except human) was obtained from non-glass adherent 
splenic lymphocytes by incubation in petri dishes containing PHA coated L-929 cells in liPM\ill, 
5% FCS, for 8 to 10 hr at 37”C, as described in Methods. Cell-free supernatants were collected 
and tested for toxic activity by determining the number of LT units/ml, as described in Methods. 
Results are expressed as the units LT/ml in the presence of 100 ~1 NRS or 100 ~1 rabbit anti-b\‘S 
antisera. Percent neutralization was calculated as described in Uethod.s. 

b N.S. = Not significant. 

y class LT activity. Anti-p class serunl from animals IJ1 and FZ, gave distinct 
neutralization profiles. Serum front the forlner reacted strongly with all I,T classes 
and subclasses, except 7 class. ?Irhereas, serunl front F2 reacted strongly with all 
but a-LT class and subclasses. These data indicate there are immunologic relation- 
ships and differences between the various classes and subclasses of LT n~olecules. 

The Capacity of Ser~rm front Rabbits Imrlmized with Diffrverlt I-lumafz 12 Sub- 
chsscs to Neutralize Separated Classes a,nd Suhclasscs of LT Activitv i/r Vitro 

Serum was obtained from animals immunized with highly refined preparations 
of a1 and (Ye human LT subclasses. These LT preparations were obtained as 
described in Methods. Antiserum reactive with the different p-T,T subclasses was 
obtained from rabbits which had actually beeu immunized with /3 class fractions. 
However, upon testing, they were found to be reactive with the difierent p sub- 
classes, /fl and ,&. These experiments, shown in Table 4, \zere repeated a total of 
three to four times and involved testing samples from several different separations 
on various supernatant pools. Anti-a, subclass serum reacts with complex and 
01 class, but does not react with ,k? or y class. Anti-q also neutralizes (Ye subclass but 
not a2 or ai3. Anti-,, serum reacted strongly with all classes and subclasses except 
,8 class. Antisera from a rabbit (Fl j immunized with ,3 class T,T was strongly l-e- 
active with complex, LY class, cx subclasses, and p2 subclass. However, it was mod- 
erately reactive with y class and nonreactive to p1 subclass. ;Misera from a second 
rabbit (FZ) inmunized with /3 class LT was strongly reactive to p1 subclass and 
complex, but nonreactive with y, pi, and a subclasses, and nonreactive \vith p2 
subclass. This is clearly a complex pattern of immunologic relationships. 

The Capacity of Polyspecijc Anti-Human LT Serum (Anti-W’S) to Xeutralice 
LT Activity Released by Lectin Stimulated Splrnic Lymphoid Cells Obtained 
from Various Aniwtal Species in Vitro 

Media were collected from PHA activated cultures of spleen cells obtained from 
various animal species as described in Methods. Test and control media were as- 
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scssed for the presence ot LT activity. In a number of cxpcrimeiits, lhc spleen cell 
suspensions were exposed to glass surfaces to remove adherent cells. Test and 
control media were diluted serially and to each duplicate set of tubes was added 
normal rabbit serum or polyspecific anti-whole supernatant serum from rabbits Dz 
or Dq. Percent neutralization was calculated as described in Methods. The results 
of two separate sets of experiments are shown in Table 5. It is clear this antiserum 
had no effect on the LT activity released by lectin stimulated cells from these vari- 
ous animal species. 

The Effect of Various Anti-Human LT Sera on the Lysis of L-292 Cells in 
Vitro Induced by Supernatants from Glass Adherent Human Peripheral Blood 
Leulzocytes 

Culture supernatants were collected from glass adherent cell populations ob- 
tained from normal peripheral blood leukocytes as described in Methods. These su- 

pernatants were tested for toxic activity in the presence of normal rabbit serum and 
various anti-LT serum. Previous tests indicated these supernatants possessed lev- 
els of toxic activity in the range of 20 to 35 units/ml as measured in the standard 
assay. These experiments were repeated twice with duplicate tubes for each serum. 
The results are shown in Table 6. It is clear that only anti-WS was reactive with 
these lytic activities. 

DISCUSSION 

There were several types of anti-human LT sera employed in the present studies. 
The first type, rabbit antisera obtained from animals immunized with unfractionated 
cell-free lymphocyte supernatants, termed anti-whole supernatant (anti-WS) . The 
second type, termed anti-class sera, is obtained from animals that have been immu- 
nized with rechromatographed ultrogel fractions containing all members of a single 
MW LT class, i.e., complex, 01 and p. Finally, the last type, more specific sera, ob- 
tained from animals which were immunized with carefully fractionated preparations 
containing LT subclasses. It should be emphasized that none of the LT preparations 
employed in these studies has been tested for its degree of chemical purity. How- 
ever, the characteristics of each preparation with regard to its containing various 

TABLE 6 

Capacity of Various Anti-Human LT Sera to Neutralize Toxic Supernatants Obtained 
from Glass Adherent Human Peripheral Leukocytes in I’z&o” 

Anti-whole 
supernatant 

Antiserum employed 

Anti-class Anti-subclass 

Anti-complex Anti-or Anti-aI-LT Anti-n,-LT 

++h - - - - 

0 Buffy coat leukocytes were collected from human peripheral blood and glass absorbed at 37°C 
for 1 hr. Nonadherent cells were removed by gentle agitation, fresh media was added to the culture 
of adherent cells, and the cultures were allowed to incubate at 37°C for 36 hr. Supernatants were 
collected and cleared of cells by ccntrifugation and stored at -20°C until usrd in these studirs. 

b As iu Table 2. 
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I ,‘I‘ cl;,~s(~s 01’ 5~11,(.l;isscs lr:is l)ccn carefully tlcfitlc~l (.5 ). ‘I‘llc~r l)l.~~l~;ll.:lti~ll15 tlllls 
could be referred to as functionally purified with regard to the various LT nlol~ 
cules. Thus, antisera obtained from animals immunized with these preparations call 
be employed to distinguish immunologic relationships and differences between 
classes and subclasses of human LT. 

Specific experiments verified that the in z&o neutralizing ability of these sera, 
as indicated on L-929 target cells, was due to immunoglobulin molecules and not to 
other nonspecific effects, such as enzymatic degradation, etc. (9, 10, 17). Two types 
of in vitro LT neutralization tests were employed in these studies. The first, in 
which LT was held constant and increasing amounts of serum were added. This 
method provided a means to measure the effectiveness of a certain volume of sera 
to neutralize a certain number of units of LT activity. The second assay was used 
for screening and, once known how effective a sera was in its ability to neutralize 
LT activity, a set volume was tested against various LT fractions. This latter 
method was used to compare the ability of a single sera to neutralize other classes 
and subclasses of human LT molecules with known amounts of lytic activity. The 
exact mechanism of antiserum neutralization is not known. However, there are two 
possibilities: (1) that these antisera a ggregate the soluble phase LT molecules 
together, thus reducing the total number of cytotoxic units available to interact 
with a susceptible cell, or (2) they physically block or interact directly with the 
cytotoxic site itself and prevent cell lysis by direct steric hindr.ance. It is also not 
yet clear about the chemical nature of the antigenic determinant sites on the LT 
molecule (s j recognized by these various antisera. These sites are assumed to be 
protein, but we cannot exclude the possibility that these molecules possess small 
amounts of lipid or polysaccharide, which could be recognized as antigen deter- 
minant sites. Preliminary studies, however, favor the former possibility, since 
treatment of these molecules with neuraminidase does not afiect their antigenicit) 
(unpublished results). 

The different classes and subclasses of human LT molecules are composed of 
members and submembers which are immunologically distinct. The differences 
between these substances first became obvious when we tested the capacity of anti- 
class or subclass sera to neutralize whole, unfractionated supernatants and fount1 

they could only neutralize portions of the total lytic activity. Indeed, the only anti- 
sera in the present studies that could neutralize all lytic activity in an unfractionatetl 
supernatant was anti-WS sera. The nature of these immunologic diff’erences becomes 
more evident when we examine the capacity of anti-class aud subclass sera to ueu- 
tralize various classes and subclasses of LT activity. It has been previously reportetl 
that anti-a class human 1,T sera will not crossreact with p class LT activity (2 1, 
suggesting there are unique a and p class determinants. J3:e also found this in sev- 
eral of our animals immunized Lvith anti-a class sera (15), holvever, this was later 
foLmd to be an exception rather than a general finding. nIost anti-a class sera reac- 
ted at least weakly with ,B class LT molecules. The reason for this crossreaction 
will bc discussed in a following paragraph. We also found that anti-ol1 LT subclass 
sera will not recognize any p LT subclasses. In addition, anti-p, LT will not recq- 
nize any 01 subclasses. These data suggest it is possible to obtain an auti-ol subclass 
serum directed at (~1 subclass which would not recognize any fl class activity. It !~a,< 
alsc~ clear that ant& I,‘L‘ sera did not recqgnize either (Ye or N:t s~~l~cl~ss. I11 n(l(li- 
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lion, \2’e found that antisera which recognized /3, subclass (lid not apparrntly cross- 
react with Pa subclass, alld vice versa. Thus, human T,T nmlecules can exist ill :t 
mmiher of forms which are immunologically distinct from each other. 

The present data also indicate that while materials with human LT activity are 
immunologically heterogeneous, there are varying degrees of immunologic simi- 
larity between the various LT forms. This first became apparent when we found 
those antisera which were reactive with members of the (Y and p classes and sub- 
classes of human LT molecules were very effective in neutralizing the large molecu- 
lar weight class, termed complex. In a similar fashion, anti-complex sera was reac- 
tive with members of the smaller molecular weight (Y and /3 LT classes, but did not 
react with y classes. Other relationships became apparent when we examined the 
reactive patterns of the anti-subclass sera with separated LT subclasses. For ex- 
ample, anti-/& (stable) sera reacted strongly with all the other LT classes and all 
subclasses except ~1 (unstable). Whereas, anti-& sera only reacted strongly with 
complex and p1 LT subclass. Anti-a, serum reacted strongly with all the other LT 
classes and at an intermediated level, with pZ. These data clearly indicate that differ- 
ent human LT classes and subclasses share certain common antigenic determinant 
sites. 

The above findings support the concept that, while heterogeneous, materials 
with LT activity released by lectin activated human lymphocytes in vitro form an 
interrelated system of cell toxins. A complete understanding of the individual 
members and interrelationships of the components of this system will require addi- 
tional careful study at the molecular level. However, interpretation of the present 
data allow, with clear limitations, formulation of the following hypothesis. LT 
molecules form a system of cell toxins composed of a number of individual mem- 
bers which may associate with one another to form complexes of various MW. 
This concept is more strongly supported by the identification of all the small MW 
LT classes in the large MW complex class. How the various LT forms are gen- 
erated and related one to another is not yet clear, but it appears they may result 
from the association or disassociation of different subunits. There may be certain 
subunit(s) which are common to a number of different LT forms, and others which 
are unique to single forms. This is supported by the finding that antigenic deter- 
minants expressed on ,& subclass molecules appear to be expressed on all the other 
LT classes, including y LT activity. In contrast, determinants expressed on p1 sub- 
class only appear in the high MW complex class. Clearly, ,& and ,& subclasses are 
physically (i.e., charge and stability) and immunologically unrelated but can asso- 
ciate together, and both appear in the complex class. Very little is known about the 
physical-chemical properties of the y LT class, because of its instability, however, 
these studies show it is clearly immunologically related to and perhaps derived 
from the stable (Y and p2 subclass. It is also possible that these molecules may be 
enzymatically derived from the more stable large MW LT forms, for the pZ sub- 
class has been shown to be inactivated by a lymphocyte-serum-dependent mecha- 
nism(s) (18). Thus, the smaller MW forms may represent materials on an in- 
activation pathway. The molecular basis of and the reason for the degree of physical 
heterogeneity among the human (Y LT class molecules is not clear. There are a 
number of physically resolvable PLT subclasses with both similar and distinct 
antigenic determinants. Whether this represents micro-heterogeneity of closely re- 
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latod isomeric” forms of the same gene product, which was recently reported for the 
C’Z component of the human complement system (19)) will require more study. 
While each (Y subclass expresses common antigenic determinant sites associated with 
the pZ subclass, (Ye also expresses unique determinants from those of a2 and (~3. 
Physical-chemical and immunologic data suggest the subclasses ~1, (~2, and ~3 may 
represent related (all contain p2 determinants) but heterogeneous ( anti-a1 sera does 
not react with a2) molecules, whereas all the a2 subclasses, i.e., 2a, b, c, d, etc., may 
represent closely related isomeric gene products. 

Anti-LT sera will be powerful reagents in determining if these molecules play 
any roles as lytic effecters in various forms of cell mediated lytic (CML) reactions, 
both in vitro and in viva. Several reports already indicate they are important ef- 
fectors in several types of lymphocyte induced cell and tissue destructive reactions 
and may not be involved in other types (20, 21). They have also been identified in 
Z&JO (22). However, it must be emphasized that the present results, if they can be 
generalized to other animal species, indicate that unless the exact reactivity of an 
anti-LT serum is known, a negative result may not truly eliminate the role of these 
material(s) in CML reactions. 

It appears that while heterogeneous, similar forms of human LT (Y class molecules 
are released by human lymphoid cells activated by different methods. It has been 
reported that rabbit anti-a class LT sera would neutralize LT activity from human 
lymphoid cells stimulated by co-culture with lectins, allogeneic lymphocytes (%ILC) 
and cells from tuberculin positive donors cultured with PPD (9). In addition we 
found anti-a class or anti-& subclass sera will totally neutralize 1,T activity detecta- 
ble in supernatants from several continuous lymphoid cell lines (23). These cells 
did not release any LT molecules in the ,8 or y-LT MW form. However, they were 
broadly reactive anti-class sera and more careful examination of these activities 
with anti-subclass sera may reveal differences. 

The LT system in humans appears to be a family of cell toxins which may be 
unique to lymphoid cells. In addition, while heterogeneous, LT molecules from 
other animal species do not appear to crossreact with antisera reactive with huiilan 
LT molecules in vitro. Anti-human LT sera was not reactive with LT activities 
released by lectin activated lymphoid cells from rabbit, rat, guinea pig, or mouse. 
Our data extend similar observations reported by Walker and Lucas (9). The lat- 
ter data collectively support the concept that these antisera are reactive with unique 
antigenic determinants associated with LT proteins, rather than common saccharide 
moieties. In addition, certain anti-human LT class and subclass sera did not react 
with cytotoxin (s) spontaneously released by glass adherent (GA) human peripheral 
blood cells. However, while we did not test anti-p class sera against these GA tox- 
ins, Walker et al., found some crossreactivity with their anti-p sera. These findings 
are important and serve to distinguish lymphotoxins from previously reported toxic 
material(s) released from GA monocytes and polymorphonuclear cells (24). How- 
ever, the polyspecific sera from animals immunized with unfractionated supernatant 
did partially react with toxin(s) released by GA cells. These results suggest the 
presence of some of the materials in unfractionated supernatants, hut that they were 
rc~~~vccl upon frnctionntion. The pwsmt cht;t support tlw concq)t that hman T.T 

1~wltdcs rcl)rcscnt a discrete alit1 “nnicluc“ system of lynil)hocyte tlc~ri\~(~cl cc.11 
toxins, \vhicb may associate with one another into various MW forms. 
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