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Abstract:
It has been previously reported that LPS-unresponsive C3H/HeJ mice are refractory to LPS at the B
lymphocyte level. The current study was undertaken to determine if other LPS-influenced cellular
activities were also defective in these mice. Utilizing adult CBA/J and C3H/HeJ mice as spleen donors,
Graft-versus-Host (GVH) reactions were induced in Balb/c neonates. Spleen weight indices failed to
distinguish between experimental groups so mortality by day 30 was used as the criterion of induction
of GVH disease. Prior LPS treatment of CBA/J adults decreases the ability of their spleen cells to cause
fatal GVH disease in Balb/c neonates whereas no difference was found between injection of normal or
LPS-treated C3H/HeJ spleen cells. Similar observations were found with these cell types using the
mouse spleen mixed leukocyte culture system. There was, however, no suppression of ensuing GVH
disease in Balb/c neonates after treatment of spleen donors of either CBA/J or C3H/HeJ origin with
butanol-extracted LPS, a preparation previously shown to be mitogenic for C3H/HeJ B lymphocytes. In
studies on the effects of serum on GVH disease induction by normal cells, it was found that inoculation
of normal CBA/J cells with normal CBA/J serum results in a GVH reaction similar to inoculation of
the same type of cells in Hank's balanced salt solution while inoculation in LPS-CBA/J serum shows a
significant decrease in resulting mortality. With other combinations of normal or LPS-serum with
CBA/J or C3H/HeJ cells, the critical factor appears to be the strain source of the serum rather than prior
treatment of the serum donors with LPS or not. There was a nonspecific suppressive effect of C3H/HeJ
serum on both C3H/HeJ and CBA/J cells. In another system, layering normal spleen cells on adherent
cells taken from LPS-treated CBA/J animals results in loss of GVH reactivity of the subsequent
nonadherent preparation whereas incubation with adherent cells from LPS-treated C3H/HeJ mice or
normal allogeneic adherent cells produces no such decrease in GVH reactivity. In a carbon clearance
assay for stimulation of the reticuloendothelial system with LPS, it was found that the rate of
phagocytosis is significantly increased in Balb/c and CBA/J mice 72 hours after inoculation of LPS. No
stimulation is seen in rate of carbon uptake in the C3H/HeJ animals after treatment with
phenol-extracted LPS or with butanol-extracted LPS. Finally, pretreatment of CBA/J or Balb/c mice
trypan blue increases susceptibility to the lethal effects of LPS approximately 12 fold. The main
conclusion drawn from this research is that, in addition to the previously reported unresponsiveness of
C3H/HeJ B lymphocytes, C3H/HeJ macrophages are also refractory to stimulation by LPS. 
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ABSTRACT

I t  has been previously reported that LPS-unresponsive C3H/HeJ 
mice are refractory to LPS a t the B lymphocyte le v e l. The current 
study was undertaken to determine i f  other LPS-influenced c e llu la r  
a c tiv it ie s  were also defective in these mice. U tiliz in g  adult 
CBA/J and C3H/HeJ mice as spleen donors, Graft-versus-Host (GVH) 
reactions were induced in Balb/c neonates. Spleen weight indices 
fa ile d  to distinguish between experimental groups so m ortality  by 
day 30 was used as the c rite rio n  of induction of GVH disease. Prior 
LPS treatment of CBA/J adults decreases the a b il ity  of th e ir  spleen 
cells  to cause fa ta l GVH disease in Balb/c neonates whereas no d if 
ference was found between in jection  of normal or LPS-treated C3H/HeJ 
spleen c e lls . Sim ilar observations were found with these ce ll types 
using the mouse spleen mixed leukocyte culture system. There was, 
however, no suppression of ensuing GVH disease in Balb/c neonates 
a fte r  treatment of spleen donors of e ith er CBA/J or C3H/HeJ orig in  
with butanol-extracted LPS, a preparation previously shown to be 
mitogenic, fo r C3H/HeJ B lymphocytes. In studies on the effects of 
serum on GVH disease induction by normal c e lls , i t  was found that 
inoculation of normal CBA/J ce lls  with normal CBA/J serum results  
in a GVH reaction s im ilar to inoculation of the same type of ce lls  
in Hank's balanced s a lt  solution while inoculation in LPS-CBA/J 
serum shows a s ig n ifican t decrease in resulting m o rta lity . With 
other combinations of normal or LPS-serum with CBA/J or C3H/HeJ 
c e lls , the c r it ic a l factor appears to be the s tra in  source of the 
serum rather than p rio r treatment of the serum donors with LPS or 
not. There was a nonspecific suppressive e ffec t o f C3H/HeJ serum 
on both C3H/HeJ and CBA/J c e lls . In another system, layering normal 
spleen ce lls  on adherent ce lls  taken from LPS-treated CBA/J animals 
results in  loss of GVH re a c tiv ity  of the subsequent nonadherent 
preparation whereas incubation with adherent ce lls  from LPS-treated  
C3H/HeJ mice or normal allogeneic adherent ce lls  produces no such 
decrease in GVH re a c tiv ity . In a carbon clearance assay fo r stimu
la tio n  of the reticu loendothelia l system with LPS, i t  was found that 
the ra te  of phagocytosis is  s ig n ific a n tly  increased in Balb/c and 
CBA/J mice 72 hours a fte r  inoculation of LPS. No stim ulation is 
seen in rate  of carbon uptake in the C3H/HeJ animals a fte r  treatment 
with phenol-extracted LPS or with butanol-extracted LPS. F in a lly , 
pretreatment of CBA/J or Balb/c mice trypan blue increases suscepti
b i l i t y  to the le tha l e ffects  of LPS approximately 12 fo ld . The 
main conclusion drawn from th is  research is th a t, in addition to the 
previously reported unresponsiveness of C3H/HeJ B lymphocytes,
C3H/HeJ macrophages are also refractory to stim ulation by LPS.



INTRODUCTION

The lipopolysaccharide (LPS) frac tion  of gram-negative 

bacterial ce ll w a lls , also referred to as endotoxin, has been shown 

to possess a wide varie ty  of biological a c tiv it ie s  when injected into  

higher animals. These properties include le th a li ty , to x ic ity ,  

pyrogenicity, immunogenicity, ad ju van tic ity , and Schwartzman 

re a c tiv ity  ( I ) .  LPS is also a B ce ll (bone marrow-derived lymphocyte) 

mitogen (2) and a stim ulator of polyclonal responses (3 ).

In 1940, H ill  f i r s t  reported the development of an endotoxin- 

res istan t s tra in  of mice by successive breeding of challenged- 

resistan t generations (4 ). More recently , Sultzer found the C3H/HeJ 

mouse s tra in  to be highly resistan t to the le thal e ffects  of LPS and 

to exh ib it a d iffe re n t pattern of leukocyte accumulation than is 

usually seen a fte r  in traperitoneaI ( i . p . )  in jection  of LPS (5 ).

In addition , LPS does not function e ith e r as a mitogen (6 ,7 ) or 

an adjuvant in  these mice, and the immune response induced is  

transient (7 ) . Although the genetics of the LPS-nonresponsiveness 

has not been resolved to date, Sultzer indicated that the lethal 

effects  o f LPS and the d iffe re n tia l leukocyte accumulation are under 

polygenic control (8 ) ,  whereas Watson and R iblet have demonstrated 

that a single dominant autosomal gene governs mitogenic and immune 

responsiveness (6 ). Using ce ll mixing experiments, i t  was shown
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that the fa ilu re  of C3H/HeJ spleen ce lls  to exh ib it normal responses 

to LPS was due to nonactivation of B lymphocytes, even though the 

cells  bound LPS as well as B ce lls  from LPS-responsive mouse strains  

(9 ). I t  was suggested that a membrane defect was involved and i t  

has since been reported by Glode e t aI (10) that the binding of LPS 

to C3H/HeJ B lymphocyte membranes leads to th e ir  in ac tiva tio n , 

causing a dose- and time-dependent suppression of B c e ll stim ulation  

by Poly I ,  another B c e ll mitogen.

The elucidation o f a B c e ll membrane defect to account fo r  

some of the observed nonresponsiveness to LPS s t i l l  does not account 

fo r the high resistance o f the C3H/HeJ to the le tha l e ffects  of LPS. 

A ctually , the p o s s ib ility  is  raised th a t s im ilar membrane components 

may be involved in other LPS interactions in vivo with c e ll systems 

not yet explored.

A classic system that has been used to study immunological 

c e llu la r  interactions is the Graft-versus-Host (GVH) reaction. This 

phenomenon was f i r s t  described in 1916 by Murphy (11) a fte r  he 

inoculated adult chicken spleen ce lls  onto the chorioallantoic  

membranes of young chick embryos. The significance of th is  reaction  

was not realized  u n til 1953 when Dempster and Simonsen (12) inde

pendently expressed the idea that the g ra ft may be capable of 

mounting an immunological reaction against the host under certain  

circumstances. A considerable amount of lite ra tu re  has been
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published in th is area since then, and an extensive review has 

recently appeared by Grebe and S tre ile in  (13). Since GVH disease 

is a real problem to immuno-deficient patients who must be reconsti

tuted with lymphoid or lymphoid precursoral tissue, the abrogation 

of GVH disease has been the specific  subject of intensive research.

In th is  regard, Chedid (14) has shown that pretreatment of donor 

splenocytes in vivo and in v itro  with LPS w ill  suppress the GVH 

reaction. Since then, Thomson and J u tila  (15) have reported that 

i t  is the adherent population o f LPS-treated spleen ce lls  responsible 

fo r th is  suppression, and that these ce lls  in te rfe re  in some way 

with a llo a n t igen-reactive ce lls  in the nonadherent population which 

cause the GVH disease. I t  was established by Bona (16) that the 

macrophage is the c e ll responsible fo r processing LPS so i t  is 

pertinent to ask i f  LPS modifies th is c e ll or i f  i t  promotes pro

duction of a product which mobilizes other c e ll types.

The objective o f the current study was to bring research 

on GVH disease together with the natural LPS-resistance of the 

C3H/HeJ mouse s tra in . I t  was hoped that such an investigation  

would reveal new information on the suppression of GVH disease and 

possibly bring to lig h t  additional in vivo mechanisms influenced 

by LPS-nonresponsiveness in C3H/HeJ mice. .



MATERIALS AND METHODS

Mice. Normal fiv e  week-bid C3H/HeJ and CBA/J male and female 

mice were purchased from the Jackson'Laboratories, Bar Harbor, Maine, 

and maintained in our laboratory in a conventional environment un til 

use. Conventionally reared Balb/c mice were obtained from our own 

stock. A ll mice were given s te r iliz e d  Purina 5010C and a c id ifie d -  

chlorinated water.

Graft-versus-Host Disease. Spleens were removed from adult 

C3H/HeJ or CBA/J mice 8-12 weeks of age and placed in 5.0 ml of 

Hank's balanced s a lt  solution (BSS) with 5 percent fe ta l c a lf  serum 

(PCS, Grand Island B io logical) in Falcon 60.x IS p e t r i  dishes 

held on ice. Spleens were gently teased apart into single ce ll 

suspensions, pipetted and passed through an 80 mesh stainless steel 

screen. The ce lls  were then counted, centrifuged, and resuspended
7

in BSS. A to ta l o f 2 x 10 spleens ce lls  contained in 0.1 ml were 

in jected i .p .  into Balb/c neonates less than 24 hours old. Cell . 

preparations o f th is  type are referred to as whole normal (WN) 

c e lls .

Induction of Graft-versus-Host (GVH) disease was measured 

in i t ia l l y  with a spleen weight assay (17). Mice were sacrificed  

on day 10 a fte r  in jec tion  of adult c e lls . The spleen index was 

taken to equal the spleen weight/body weight of the experimental
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neonates divided by the spleen weight/body weight o f control neonates 

in jected with BSS. Death between days 7 to 10 or an index of 1.50 

or greater was regarded as ind icative  of an ongoing GVH process.

The mice that died before sa c rific e  were given an a rb itra ry  index 

of 2.0 fo r the purpose of calculation of the average indices.

Because spleen indices did not discriminate between experi

mental groups, death in the in terval day 7 to 30 was used as the 

c rite rio n  o f GVH disease in a l l  the la te r  work.

Lipopolysaccharide (LPS). LPS was extracted from 

Escherichia co li 0113, cultures kindly provided by Dr. J. C utler, 

Montana State U niversity , and Dr. A. Rudbach, University of Montana, 

using the hot phenol-water technique of Westphal and Jann (18);

The only modification was to incubate the phenol-water mixture at 

65C fo r 30 minutes rather than 15 minutes. The f i r s t  water extracts 

from two separate extractions were pooled and dialyzed fo r four days 

in double d is t i l le d  water. Sodium acetate was added to 0.15 M and 

the LPS was precip itated with 68 percent cold alcohol (f in a l 

concentration). The p rec ip ita te  was dissolved in double d is t i l le d  

water, dialyzed fo r an additional four days and then lyophiI i zed.

The potency of the preparation was established by Dr. Kelsey M ilner, 

Rocky Mountain Laboratories, Hamilton, Montana. The results of 

these bioassays showed that the LPS had a chick embryo LDg0 of 

0.0073 yg and FI^0 value in rabbits of 0.56 yg (19).
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The butanol-extracted LPS (B-LPS) used in two experiments 

was a generous g i f t  from Dr. David Morrison, Scripps C lin ic  and 

Research Foundation, La J o lla , C aliforn ia  (20).

Modification o f the GVH response by treatment o f donor c e lls .

A. LPS in jec tion  of donors. Adult spleen c e ll donors 8-12
i

weeks of age were given seven or eight d a ily  in jections o f 60 pg 

LPS i .p .  Within 24 hours a fte r  the la s t in jec tio n , mice were bled 

fo r "anti-LPS" serum (LPS-serum) and spleens were removed. Cells 

(LPS-strain) were harvested in the usual manner and 2 x 10 ce lls  

per 0.1 ml were in jected into Balb/c neonates less than 24 hours 

old.

B. Normal, or LPS serum given with normal donor c e lls .

Spleen ce lls  were harvested from normal adult mice, counted,
7

pipetted into small tubes, and centrifuged. A to ta l of ;2 x 10 

ce lls  was resuspended in 0.1 ml of appropriate serum or in Hank's 

BSS containing 5 percent FCS to serve as controls, allowed to 

incubate 10 minutes a t room temperature, and injected i .p .  into  

Balb/c neonates.

C. "Enriched" c e ll populations. Spleens were removed from 

normal or LPS-treated adult mice and placed in 5.0 mis Hank's BSS 

plus FCS and held on ice . Spleens were gently teased in to  single 

ce ll suspensions, p ipetted , passed through an 80 mesh stainless  

steel screen, and d istributed in to  fiv e  60 x 15 mm p las tic  Falcon
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petri dishes per spleen. A fter incubation for one hour a t 37C, 

nonadherent (Nonad) ce lls  were decanted, washed two times with BSS, 

and then adherent (Adh) ce lls  were scraped free  with a rubber 

policeman. I f  ce lls  were to be in jected a fte r  th is in i t ia l  separa

tion procedure, ce lls  were washed, counted and 5 x 10® adherent 

ce lls  per 0.1 ml or 2 x IO^ nonadherent ce lls  per 0.1 ml were 

injected i .p .  into Balb/c neonates.

A lte rn a tive ly , i f  possible absorptive removal o f GVH
6re a c tiv ity  by adherent ce lls  was desired, 5 x 10 adherent cells  

were returned to clean petri dishes and allowed to re-adhere for 

30 minutes at 37C. A fter th is time, 2 x IO^ normal spleen cells  

were added to each dish and incubated an additional one and a ha lf 

to two hours, a t 37C. Nonadherent ce lls  were removed, centrifuged 

and the nonadherent content of one dish in 0.1 ml was in jected i .p .  

in to Ba!b/c neonates.

Carbon clearance assay. The procedure followed was modified 

from the Handbook of Experimental Immunology (21). Normal and LPS- 

treated mice, four mice per tes t group, 10-13 weeks of age, were 

used to assay in vivo phagocytosis. Mice receiving LPS were injected  

i . v .  with 20 yg in 0.1 ml 72 hours before assay. Carbon from 

Gunther, Pelikan Werke, Hanover, Germany, was d iluted in phosphate 

buffered saline (PBS) to 16 mg/ml. Each animal was weighed and the ; 

weight divided by 100 was the amount in m i l l i l i t r e s  fo r in jec tion .
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Mice were in jected i . v .  into the ta i l  vein. Twenty-five lambda 

of blood were drawn from the re tro -o rb ita l plexus a t three minute 

in tervals  from time 0 minutes to 15 minutes with heparinized 25 

lambda micropipets and placed in four ml of s te r i le  single d is t i l le d  

water. Optical density (O .D .) was read on a K le tt spectrophotometer 

using a red f i l t e r .  The O.D. readings were converted to a 

logarithmic scale and plotted versus time. The slope of th is  lin e  

is  the phagocytic co e ffic ie n t K, which is a measure of the rate of 

phagocytosis.

. Mixed leukocyte cu ltu re . The following protocol fo r mouse 

spleen mixed leukocyte culture was only s lig h tly  modified from the 

one received from Dr. F r itz  Bach, University of Wisconsin, Madison, 

Wisconsin. RPMI 1640 (Gibco) culture medium was supplemented with 

p e n ic ill in , 100 un its /m l, and streptomycin, 100 pg/ml. Frozen 

human plasma, obtained from a large pool collected a t Bozeman 

Deaconess Hospital, was thawed and hard-spun at 1650x g fo r 10 

minutes. A fter heat inactivation  a t 56C fo r 30 minutes, the plasma 

was hard-spun tw ice, and added to a f in a l concentration o f 5 percent 

plasma in RPMI where indicated. To prepare responding and stimu

la tin g  c e lls , spleens were removed asep tica lly  into 60 x 15 mm 

p las tic  petri dishes (Falcon #3002) held on icq. Approximately 1.0 ml 

of culture medium without plasma was injected into each end of the 

splenic capsule to release c e lls . The spleen was then gently teased
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with curved forceps un til a l l  the ce lls  had been removed from within  

the capsule. Cell clumps were separated by repeated pipetting with 

a 5 ml serological pi pet ( Falcon #7543). The suspension was passed 

one time through a 27 gauge needle into a 15 ml centrifuge tube 

(Falcon #2095) and then centrifuged a t 180x g fo r 10 minutes in 

the cold. The supernatant was discarded and the ce ll p e lle t was 

resuspended in 0.5 ml of PBS. Red blood ce lls  were lysed by a 10 

second exposure to 4.0 ml of s te r i le ,  single d is t i l le d  water, prior 

to returning the d iluent to iso to n ic ity  using 0.5 ml of 10X PBS.

Cells were centrifuged, supernatant decanted, and p e lle t resuspended 

in 5 ml culture medium.

. At th is  point,, responding ce lls  were counted in a hema

cytometer and dilu ted to appropriate concentration by adding the 

amount of plasma needed to bring the fin a l concentration to 5 percent. 

These ce lls  were then kept cold u n til added to plates. To the 

stim ulating c e lls , mitomycin C was added a t a concentration of 

25 yg per ml c e ll suspension and mixed thoroughly. The mixture was 

placed in a 37C water bath fo r 25 minutes. Cells were then cen tri

fuged, supernatant decanted, and p e lle t resuspended in medium.

Cells were then washed two times by centrifugation and decantation. 

A fter f in a l wash, ce lls  were counted and diluted to appropriate 

concentration, making the fin a l plasma concentration 5 percent.
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The responding cells  a t a concentration o f I  x IO^ and 

I  x 10® stim ulating ce lls  per well were then distributed  

in d iv id u a lly  in 0.1 ml volumes to Linbro microti te r  plates (Falcon 

#3040 and #3041) using an 100 lambda Eppendorf pi pet with s te r ile  

tip s . Cultures were incubated a t 37C in a humidified 5 percent 

CO2 , 95 percent a ir  atmosphere incubator. A fter 72 hours of 

incubation, 2 yCi H-thymidine (specific  a c tiv ity  20 Ci/mmole) 

was added to each well in 0.05 ml volumes. Sixteen hours la te r ,  

cultures were precip itated onto Whatman glass fib e r  f i l t e r s  with 

sa lin e , 5 percent trich lo ro acetic  acid , and methanol using an Otto 

H ille r  semi-automatic m ultip le sample p rec ip ita to r. Uptake of the 

isotope, was determined by placing the f i l t e r  paper discs containing 

the ce ll precip itates in to  v ia ls  with Aquasol (New England Nuclear) 

and counting in a Beckman LS-100C Liquid S c in tilla t io n  System.

The data represent the results of t r ip l ic a te  samples from 

which the sum of the counts of the responding cells  alone and the 

stim ulating ce lls  alone have been subtracted.

E ffect of trypan blue on LPS LD^q. Trypan blue from Kallestad 

Labs, In c ., Minneapolisj Minnesota, was dissolved in double d is t i l le d  

water and.dialyzed against d is t i l le d  water fo r 72 hours a t 4C. The 

dialysate was lyophiI i zed and stored in a tig h tly  stoppered bo ttle  

at room temperature u n til used. At time of assay, a fresh sample 

was resuspended to 10 mg/ml in  0.85 percent saline. The mice
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receiving trypan blue were given 4.0 mg i .p .  24 hours before and 

1.0 mg i .p .  two hours before LPS in jec tio n . A ll animals were then 

given the specified dose of LPS i .p .  and observed fo r m ortality  

within 72 hours. In most cases, the animals were two to three 

months old and four or fiv e  mice were injected, per dose group.

The LDgg in each assay was computed using the Reed-Muench technique

( 2 2 ).

S ta tis tic a l analysis. The data presented as means of 

individual samples were analysed using the student t  te s t. The 

tes t was modified fo r groups of unequal sizes where appropriate.

Al I m orta lity  values were compared using the z te s t, derived from 

the normal approximation to the binomial. In a ll  cases, data were 

tested fo r significance a t the p=0.05 level (23).



RESULTS

GVH assayed using spleen weight indices. To determine

whether spleen indices are useful fo r measuring GVH re a c tiv ity ,
7neonatal Balb/c mice were given e ith er 2 x 10 whole normal (WN)

6or nonadherent (Nonad) c e lts , or 5 x 10° adherent (Adh) ce lls  from 

normal CBA/J or C3H/HeJ adults. Other neonates received 2 x IO^ 

whole spleen ce lls  from CBA/J or C3H/HeJ adults given LPS fo r seven, 

successive days (LPS-). Spleen indices were then calculated on 

ce ll or BSS in jected mice 10 days post-in jection . The number of 

animals in  each group having an index greater than or equal to 

1.50 at day 10, and the average index fo r each tes t group are shown 

in Table I .  Both the WN CBA/J and Nonad CBA/J spleen preparations 

caused 100 percent GVH disease in the in jected Balb/c neonates as 

judged by th is  c r ite r io n . Although the average indices of the two 

groups were d iffe re n t, they were not s ig n ific a n tly  so. The average 

index fo r mice given Adh CBA/J was s ig n ific a n tly  lower than the 

index calculated for mice given whole normal spleen c e lls . The 

spleen ce lls  from the LPS-CBA/J mice gave spleen weight indices 

that were essentia lly  the same as nontreated c e lls .

A wider range of spleen indices was seen with various types 

of ce lls  from the C3H/HeJ mice. High incidence of GVH disease was 

caused by both the WN and Nonad-C3H/HeJ c e ll populations, as indicated
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Graft-versus-Host disease in Balb/c neonates assayed using spleen
weight indices

TABLE I

Cell Origin3 I>1.50 /  To ta lb Average Index

WN-CBA/J 7 / 7 2.18

Nonad-CBA/J 14 / 14 2.00

Adh-CBA'/J 8 / 12 1.69* C

LPS-CBA/J 14 / 17 1.97

WN-C3H/HeJ 29 / 32 2.17

Nonad-C3H/HeJ 16 / 19 1.95

Adh-C3H/HeJ 2 / 11 1.34* +

C3H/HeJ kidney 0 / 8 1.06* + X

LPS-C3H/HeJ 12 / 19 1.97* O

a2 x IO7 MN, Non, or LPS ce lls  or 5 x 10® Adh ce lls  injected  
i .p .  into Ba!b/c neonates 24 hr old. See Materials and Methods or 
tex t fo r explanation of abbreviations.

^Balb/c mice were sacrificed 10 days post-in jection . Spleen 
index equals spleen weight/body weight of experimental neonates 
divided by spleen weight/body weight of control neonates. Th irty - 
four BSS controls were included. Those neonates dead between days 
7-10 were given an a rb itra ry  index of 2 .0 . Numerator designates 
number of mice with an index > 1.50. Denominator designates to ta l 
mice in each group.

c*  = s ig n ifican t from WN, + = s ig n ifican t from Nonad, x = 
s ig n ific a n t from Adh, and o = s ig n ifican t from kidney using the 
student t  tes t fo r unequal group sizes a t p = 0.05 le v e l.



14

by the number of mice experiencing enlarged spleens and by mean 

spleen index. With th is mouse s tra in , no s ig n ifican t disease was 

caused by adherent ce lls  or by kidney c e lls , the la t te r  being a 

volume e ffe c t control with ce lls  of nonlymphoid o rig in . The LPS- 

treatment of C3H/HeJ mice resulted in a mean spleen index that was 

s ig n ific a n tly  d iffe re n t only from the adherent and kidney ce ll 

preparations.

GVH assayed by m orta lity . A comparison of GVH re a c tiv ity  

of normal or LPS-treated spleen ce lls  as estimated by m orta lity  is 

shown in Table I I .  I t  is c lea rly  seen that p rio r LPS treatment of 

CBA/J animals decreases the a b il i ty  o f th e ir  spleen ce lls  to cause 

fa ta l GVH disease in Balb/c neonates. In contrast, no difference  

was found between in jec tio n  of normal or LPS-treated C3H/HeJ spleen 

c e lls .

Mixed leukocyte cu ltu re . The mouse spleen mixed leukocyte 

culture.has been reported to be an in v itro  correlate to the in vivo 

Graft-versus-Host process (24). As such, the mixed leukocyte cultures 

were set up in the same c e ll combinations as had been used in the 

GVH assay to determine e ffec t of LPS on GVH re a c tiv ity . Analysis 

of Table I I I  shows that p rio r LPS treatment of C3H/HeJ mice did not 

a lte r  the a b il i ty  of th e ir  spleen ce lls  to react against the 

a l l dantigens present on the Balb/c lymphocytes as compared to
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Graft-versus-Host disease in Balb/c mice given spleen ce lls  from 
normal and LPS-treated CBA/J and C3H/HeJ mice

TABLE I I

Cell Origin3

M orta lity  by Day 30 Post-in jection

Dead /  Total % M orta lity

WN-CBA/J 6 / 7 85.7

LPS-CBA/J 1 8 / 3 7 48.6* b

WN-C3H/HeJ 1 5 / 2 8 53.6

LPS-C3H/HeJ 2 2 / 3 7 59.5

BSS Controls 1 / 2 0 5.0

aSee Materials and Methods section or tex t fo r explanation 
of abbreviations. ATI BaTb/c neonates received 2 x 10' ce lls  or 
0.1 ml BSS i .p .

k* = s ig n ific a n t difference w ith in  group using the z tes t 
a t the p = 0.05 leve l.
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Mouse spleen mixed leukocyte cultures assaying re a c tiv ity  of 
normal or LPS-treated CBA/J and C3H/HeJ leukocytes against mitomycin

C-treated (Me) Balb/c c e lls 9

TABLE I I I

Cell Combinations^ Net Average cpmc

C3H/HeJ+McBalb/c . 4855.42

LPS-C3H/HeJ+McBalb/c 4943.25

CBA/J+McBalb/c 4006.39

LPS-CBA/J+McBalb/c 2174.08

aIn addition to appropriate controls (not shown), I  x IO6 
responding ce lls  in 0.1 ml RPMI and I  x IO^ stim ulating ce lls  in 
0.1 ml RPMI were added to each well and cultured fo r 72 hr. Then 
2 yCi thymidine was added, ce lls  were cultured an additional 16 
hr, harvested, and counted in a liq u id  s c in t il la t io n  system.

^See Materials and Methods section or tex t fo r explanation 
of abbreviations.

cNet average cpm = average of t r ip l ic a te  samples of stimulated 
culture minus (average counts o f responding cells  alone + average 
counts o f stim ulating c e lls  alone).
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counts obtained with normal C3H/HeJ spleen c e lls . In contrast, 

re a c tiv ity  of CBA/J spleen ce lls  was decreased almost two fo ld  by 

the pretreatment with IPS. These data then support the observations 

found with s im ilar c e ll combinations in the GVH system.

GVH re a c tiv ity  a fte r  treatment with butanol-extracted IPS. 

Since i t  has been previously reported that the method used to extract 

LPS affects its  a b il i ty  to evoke a mitogenic response in C3H/HeJ 

mice (2 5 ), i t  was postulated that method of extraction might l ik e 

wise a ffe c t suppression o f GVH by spleens from LPS-treated donors.

The data reported in Table IV indicate that no s ig n ifican t difference  

was found between any o f the experimental groups, regardless of 

s tra in  or previous treatment of spleen donors. Thus, there was no 

suppression of GVH disease in Balb/c neonates a fte r  treatment of 

spleen donors of e ither CBA/J or C3H/HeJ orig in  with butanolr. 

extracted LPS (B-LPS).

Effects of serum on GVH induction by normal c e lls . I t  

has been recently shown that in jec tion  of normal CBA/J spleen cells  

together with serum from LPS-treated CBA/J animals into Ba!b/c 

neonates results in suppression of the a b il i ty  of those spleen 

cells  to cause fa ta l GVH disease (26). Table V displays, results  

obtained employing various combinations of sera and ce lls  in a 

s im ilar system. Inoculation of whole normal CBA/J ce lls  with normal
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Graft-versus-Host re a c tiv ity  of spleens from mice treated with
butanol-extracted LPS

TABLE IV

M o rta lity  by Day 30 Post-in jection

Cell Origin8 Dead /  Total % M orta lity

WN-CBA/J 8 / 8 100

B-LPS-CBA/J 1 0 / 1 1 90.9b

WN-C3H/HeJ 2 / 3 66.7

B-LPS-C3H/HeJ 9 /  11

i—
I

C
O

BSS Controls 0 / 6 0.

aSee Materials and Methods section or tex t fo r an explanation 
of abbreviations. Each Balb/c neonate received 2 x IO^ ce lls  or 0.1 
ml BSS i .p .

k|\|o s ta tis t ic a l difference between experimental groups using 
the z tes t a t the p = 0.05 leve l.
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Effects of serum on Graft-versus-Host re a c tiv ity  of WN cells  when 
in jected together into Balb/c neonates

TABLE V

M orta lity  by Day 30 Post-in jection

Cells3 Source o f Seruma ,b Dead /  Total % M orta lity

WN-CBA/J Normal CBA/J 18 /  30 60.0
LPS-CBA/J 5 7  34 14.7* c
Normal C3H/HeJ 9 / 2 6  - 34 .6** d
LPS-C3H/HeJ 6 /  16 37.5
Hank's BSS 12 /  19 63.2

WN-C3H/HeJ Normal CBA/J 10 /  23 43.5*
LPS-CBA/J 10 /  22 45.5*
Normal C3H/HeJ 4 /  22 18.2*
LPS-C3H/HeJ 4 /  25 16.0*
Hank's BSS 2 0 / 2 6 76.9

BSS Controls - I  /  59 IJ

aSee Materials and Methods or tex t fo r explanation of 
abbreviations.

bEach Ba!b/c neonate received 2 x IO^ WN ce lls  in 0.1 ml 
serum or in 0.1 ml BSS, or BSS alone, i .p .  as indicated.

c*  = s ig n ific a n tly  d iffe re n t from WN of that s tra in  using 
the z tes t a t the p = 0.05 leve l.

d** = s ig n ific a n tly  d iffe re n t from WN controls a t the 
p = 0.06 le v e l.
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CBA/J serum results in a percent GVH disease s im ilar to inoculation  

of the same type of ce lls  in Hank's balanced s a lt  solution (WN 

contro ls). The inoculation of WN ce lls  together with LPS-CBA/J 

serum yie lds a s ig n ific a n t decrease in m orta lity . CBA/J cells  

in a combination with e ith er normal or LPS-C3H/HeJ serum caused 

m ortality  s im ilar to each other. Although values are lower than 

the CBA/J ce lls  in BSS controls, they are not s ig n ific a n tly  

d iffe re n t a t the p = 0.05 le v e l. When in jecting  WN C3H/HeJ cells  

together with serum, the c r it ic a l facto r appears to be. the serum 

source rather than p rio r treatment of the serum donors with LPS 

or not. A ll values reported fo r combining C3H/HeJ ce lls  with serum 

are s ig n ific a n tly  lower than in jection  of neonates with WN C3H/HeJ 

cells  in BSS. The differences seen using sera from CBA/J versus 

C3H/HeJ sources are s ig n ific a n t a t the p = 0.067 le v e l.

. Removal of GVH re a c tiv ity  by adherent c e lls . As described 

in the Materials and Methods section, spleen ce lls  were allowed to 

adhere to p las tic  to separate the adherent and nonadherent ce ll 

populations. Adherent ce lls  were then counted and returned to petri 

dishes and whole normal ce lls  were added. A fter incubation, i t  was 

the nonadherent ce lls  from these combinations that were injected  

into the neonates. As can be seen in Table V I, the number of mice 

in each experimental group is very small and the results are taken
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Graft-versus-Host re a c tiv ity  a fte r  layering WN cells  on normal or
LPS-adherent ce lls

TABLE VI

M orta lity  by Day 30 Post-in jection

Cell Origin Dead /  Total % M orta lity

on LPS-CBA/J adha ,b :
WN-CBA/J I  /  3 33.3
WN-C3H/HeJ .1 /  3 33.3 .

on LPS-C3H/HeJ Adh:
WN-CBA/J 3 / 3 100
WN-C3H/HeJ 3 / 3 . . 100

WN-CBA/J on C3H/HeJ Adh 3 /  3 100
WN-C3H/HeJ on CBA/J Adh 3 / 3 100

Nonad LPS-CBA/JC 2 / 3 66.7
Nonad LPS-C3H/HeJ 2 / 2 100

WN-CBA/J 5 7  7 71.4
WN-C3H/HeJ 5 /  7 71.4

BSS. Controls 0 /  7 0

aSee Materials and Methods section or tex t fo r an explanation 
of abbreviations.

^2 x IO7 WN ce lls  .were incubated on 5 x 10® adherent cells  
for ih hr a t 37C. The subsequent nonadherent cells  were injected  
i .p .  into Baib/c neonates.

g2 x  IO7 ce lls  in jected i .p .  in to  BaIb/c neonates.
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as in d icative  of a trend rather than as s ta t is t ic a l ly  s ig n ifican t 

data. Broadly speaking, therefore, layering normal spleen cells  

on adherent ce lls  taken from LPS-treated CBA/J animals results in 

loss of GVH re a c tiv ity  o f the subsequent nonadherent preparation 

whereas incubation with adherent ce lls  from LPS-treated C3H/HeJ 

mice or normal allogeneic adherent ce lls  produced no such decrease 

in GVH re a c tiv ity . I t  can also be seen that the nonadherent cells  

from both LPS-treated CBA/J and C3H/HeJ are capable o f inducing 

fa ta l GVH disease in a manner comparable to normal spleen ce lls .

Carbon clearance. To examine ye t another parameter of 

c e llu la r  re a c tiv ity  influenced by LPS treatment. Table V ila  presents 

the calculated phagocytic index (K) fo r Balb/c, CBA/J, and C3H/HeJ 

mice with and without p rio r treatment with 20 yg phenol-extracted 

LPS i .v .  The rate o f phagocytosis is  s ig n ific a n tly  increased in 

the Balb/c and CBA/J mice 72 hours a fte r  inoculation o f LPS. No 

stim ulation is seen in rate  of carbon uptake in the C3H/HeJ animals.

To determine i f  LPS mitogenic fo r C3H/HeJ B ce lls  also had 

a stim ulatory e ffe c t on th e ir  reticuloendothelia l system, a carbon 

clearance assay was also conducted on C3H/HeJ mice 72 hours a fte r  

i . v .  in jection  of 20 yg butanol-extracted LPS. As can be seen from 

Table V IIb , the value of K was not changed from normal by the LPS 

in jec tio n .
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Rate of phagocytosis in normal or LPS-treated mice measured by a

TABLE V I I

carbon clearance assay3

Experiment Strain Ave K - Normal Ave K -  LPS-treated

A. phenol-LPS Balb/c -0.0375 -0.0590* b

CBA/J -0.0263 -0.0518*

C3H/HeJ -0.0201 -0.0228

B. butanol-LPS C3H/HeJ , -0.0336 -0.0303

aMice in the LPS groups received 20 pg LPS in 0.1 ml PBS 
72 hr before conducting the carbon clearance assay. Each mouse 
received (body weight divided by 100) ml of 16 mg/ml carbon i .v .  
and was bled a t 3 minute in tervals  time 0-15 minutes. The slope 
of a lin ea r regression p lo t of the log of the optical density 
readings versus time is the phagocytic index K.

. k* = LPS-treated is s ig n ific a n tly  d iffe re n t from normal of 
same s tra in  using the student t  tes t a t the p = 0.05 le v e l.
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LDgQ of LPS alone or a fte r  pretreatment of mice with trypan 

blue. Since the C3H/HeJ are known to be resistant to the lethal 

effects of LPS, i t  was necessary to establish the re la tiv e  LDgQ 

to LPS in the mouse strains employed. As seen in Table V I I I ,  the 

CBA/J mice had a LDgQ of 460 yg and the Balb/c, 750 ug. This 

exhibits the well known variation  between strains in su scep tib ility  

to LPS. Great resistance is shown, however; by the C3H/HeJ mice 

which had a LDgQ of 9165 yg, a dose 12 times higher than for  

Balb/c mice and almost 20 times higher than for the CBA/J mice.

The.macrophage is  known to be a major processing center for 

LPS w ithin the animal so trypan blue was administered to m ice.prior 

to LPS to establish the e ffe c t of inactivation  of lysosomal enzymes 

on su scep tib ility  to LPS. In the case of both the CBA/J and the 

Balb/c mice, the LD50 was decreased by greater than 12 fo ld . No 

data are shown fo r the C3H/HeJ mice treated with trypan because 

results did not indicate a real influence of the dye on suscepti

b i l i t y  to LPS. Rather, th is  mouse s tra in  exhibited m orta lity  in 

eight week old mice treated only with trypan blue, and death in 

animals receiving both trypan blue and LPS was random in re la tion  

to dose of LPS received. No such s e n s itiv ity  to the dye was 

observed in C3H/HeJ mice four months of age or older. Work is 

now underway to fu rther characterize the reaction of trypan within  

the C3H/HeJ reticuloendothelia l system.
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A comparison of LPS LDgQ in normal or trypan blue .pretreated mice

TABLE V I I I

Mouse Strain LPS LD5Qa LPS LD50

a fte r  Trypan Blue

CB A/J 460 pg 37.5 pg

Balb/c 750 pg . 60.0 pg

C3H/HeJ 9165 pg

aLD5 0 Was' calculated using the Reed-Muench technique

^Mice in  the trypan blue groups were in jected i .p .  with 
4 mg trypan 24 hr before and 1.0 mg trypan blue 2 hr before in jection  
of LPS.



DISCUSSION

Although individual s tra in  differences in reactions to LPS 

had been recognized before, Sultzer f i r s t  reported the opposite 

pattern o f leukocyte accumulation a fte r  i .p .  in jection  of LPS and 

the great resistance to the le thal effects  of LPS by the C3H/HeJ 

mouse s tra in  in 1968 (5 ) . Since then, much work has been performed 

u ti liz in g  the C3H/HeJ mice in studies to help elucidate possible 

c e llu la r  and genetic mechanisms in LPS re a c tiv ity . In contrast 

to results found with other mice, LPS does not function as a B 

ce ll mitogen (6 ,7 ) or an adjuvant in these mice, and the specific  

immune response e lic ite d  is transient (7) .  By using various cell 

combinations in v itro  and by transfer experiments in v ivo , the B 

lymphocyte of the C3H/HeJ was shown to be the ce ll responsible for 

the lack of response. A possible membrane defect was postulated 

because, although the C3H/HeJ B c e ll is  capable o f binding LPS 

as well as B ce lls  from LPS-responsive mouse s tra ins , no activation  

results (9) .  In fa c t, the binding of LPS to the C3H/HeJ B lymphocyte 

membranes actua lly  leads to th e ir  subsequent in activa tio n , even 

causing a dose- and time-dependent suppression of B ce ll stimulation  

by another B c e ll m itogen,poly I (10 ). The genetics governing the 

LPS unresponsiveness continues to be an unresolved issue. Sultzer 

o rig in a lly  reported that the d iffe re n tia l leukocyte accumulation



27

and the high resistance to the le thal e ffects  of LPS was under 

polygenic control (8 ) . And although Watson and R ib let demonstrated 

that the mitogenic and immune responsiveness were under control of 

a single dominant autosomal gene (6 ) ,  Sultzer has ju s t published 

a report contending that the lymphocyte activation is governed by. 

a pair of autosomal co-dominant genes (27).

For the most p a rt, C3H/HeJ T lymphocytes and macrophages . 

have been disregarded as fa r  as playing any ro le in LPS unresponsive

ness. In the case of the I  c e l l ,  th is  outlook is seemingly ju s tif ie d  

since T ce lls  do not read ily  respond to LPS and appear not to in terac t 

in LPS responses by B c e lls , thus leading to the designation of 

LPS as a thymus-independent antigen (2 ,2 8 ,2 9 ). The macrophage, 

however, can pinocytize LPS and pass the processed molecule to 

lymphocytes (16 ). Macrophages are also known to be activated by 

in teraction with LPS (30 ). Chedid et al have recently reported 

that C3H/HeJ mice did not exh ib it increased nonspecific resistance 

to in fection  with K lebsiella  pneumoniae a fte r  LPS treatment and 

th a t, using a tumor ce ll growth in h ib itio n  assay, th e ir  macrophages 

were refractory to in  v itro  stim ulation by LPS (31).

The current study was undertaken to investigate whether other 

biological reactions influenced by LPS were s im ila rly  impaired in 

the C3H/HeJ mice. Research was conducted in systems involving a ll 

three of the trad itio n a l immunologicalIy  active ce ll types: the
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GVH assay and the mixed leukocyte culture are usually considered 

tests of I  ce ll function; serum immunoglobulins are considered 

evidence of B c e ll function; and adherent ce lls  and the 

reticuloendothelia l system (RES) are related to macrophage cell 

types, although other ce lls  are obviously involved in the la t te r  

populations.

The CBA/J mouse s tra in  was chosen fo r comparison with

re a c tiv ity  of the C3H/HeJ s tra in  because the CBA/J are LPS-sensitive

whereas the C3H/HeJ are not. Also an important consideration is

that both strains are H-2 . Although they are d iffe re n t a t minor

lo c i , the mouse major h istocom patib ility  complex is the most.

important in determining reactions against the a l l oantigens of 
dthe H-2 Balb/c mice used as targets in  the studies.

An increase in spleen weight index is generally regarded 

as an accurate indication of a GVH reaction. For these studies, 

however, th is  assay fa ile d  to distinguish between spleen cells  from 

normal or LPS-treated donors of e ith e r the CBA/J or the C3H/HeJ 

mouse s tra in s . Thus, an index ind icative of an ongoing GVH process, 

a t day 10 was not an accurate predictor, of possible eventual survival 

of s im ila rly  treated Balb/c neonates.

On the other hand, employing death by day 30 as the c rite rio n  

of GVH disease resulted in a clear d is tinc tion  between experimental 

groups of the CBA/J s tra in . As reported, by Thomson and J u tila  (1 5 ),
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prio r LPS treatment of CBA/J adult spleen donors s ig n ific a n tly  

decreases m ortality  of in jected Balb/c neonates as compared with 

in jection  o f WN CBA/J c e lls . This was a ttribu ted  to activation of 

the adherent population by the LPS and these ce lls  in turn non- 

s p e c ific a lly  removed the lymphocytes capable of reacting against 

a l l oantigens when placed into the immature foreign host. Such a 

suppressive e ffec t is not evoked by p rio r LPS treatment of C3H/HeJ 

spleen donors so the c e llu la r  elements, presumably I  c e lls , involved 

in GVH induction remain unaltered by the presence of LPS.

S im ilar observations were made from cells  reacting in the 

mixed leukocyte cultures. This would seem to indicate that e ither 

the alloantigen reactive ce lls  were present in the LPS-CBA/J system 

but had been inactivated or that they were removed during laboratory 

manipulations p rio r to addition to the mixed cultures. Since many 

cells  are removed.in a l l  samples by clumping within tissue elements 

during centrifugation , the la t te r  p o s s ib ility  is very l ik e ly ,  thus 

leaving only lymphocytes unable to react to the foreign antigens 

to be counted and placed in the cultures.

Since method of extraction o f LPS from the bacteria affects  

the a b il i ty  of the resulting LPS preparation to stim ulate B cells  

from C3H/HeJ mice in to  a mitogenic response, i t  was postulated 

that suppression of GVH re a c tiv ity  might be s im ila rly  affected.

Even though butanol-extracted LPS (B-LPS) is mitogenic fo r B ce lls
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of the C3H/HeJ mice, as well as fo r LPS-responsive mouse strains (2 5 ), 

no suppressive e ffe c t was exerted on the GVH re a c tiv ity  of B-LPS 

treated C3H/HeJ spleen c e lls . This indicates that stim ulation at 

the B c e ll level, does not likewise activate  the ce lls  involved in 

suppression of allogeneic recognition. The additional evidence of 

no decrease in m orta lity  of neonates in jected with B-LPS-CBA/J 

cells  shows that butanol-extraction o f LPS affects more of its  chemical 

properties than had been expected. I t  should be noted a t th is point 

th a t, even u t i l iz in g  120 yg of B-LPS d a ily , none of the toxic effects  

of phenol-extracted LPS usually shown by the CBA/J animals, such as 

diarrhea and some death, were observed. There was also only a s lig h t 

splenomegaly a fte r  s a c r if ic e , a crude visual observation o f in a c tiv ity  

of the B-LPS preparation even in the LPS-sensitive s tra in . Recent 

work on B-LPS has revealed the presence of a low molecular weight 

polypeptide t ig h tly  bound to the lip id  A, which is removable by 

treatment with phenol (32 ). I t  is the polypeptide which is responsible 

fo r stim ulation of the C3H/HeJ lymphocytes and i t  is thought that 

the peptide blocks a portion of the lip id  in much the same manner as 

polymixin B does. Therefore, the polypeptide on the lip id  A in 

B-LPS does not seem to activate  the C3H/HeJ adherent ce lls  responsible 

fo r removing GVH re a c tiv ity  even though mitogenic a c t iv ity  of B ce lls  

is stim ulated. Also, the c r it ic a l portion of a phenol-extracted IPS 

molecule responsible for activation  of adherent ce lls  in the
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LPS-responsive CBA/J mice is not availab le  fo r reaction on a B-LPS 

molecule. Thus, with no adherent c e ll ac tiva tio n , m orta lity  is the 

same as with untreated normal c e lls .

The observation by Thomson (26) that serum from LPS-treated 

CBA/J mice is capable o f abrogating a GVH reaction by normal CBA/J 

cells  brings in a humoral factor also involved in suppression.

Since CBA/J mice do respond Immunolog ically  to LPS as an antigen, 

serum from mice given seven d a ily  in jections of LPS contains a n ti-  

LPS antibody (usually with a HA t i t e r  of. 1:64 or g reater, data not 

shown). I t  is th is a n ti-LPS component that is proposed to be 

responsible fo r the reduced m ortality  in  the Balb/c neonates given 

both the serum and the WN CBA/J c e lls . Endotoxemia is  a usual 

phenomenon in animals undergoing a GVH reaction so a possible 

mechanism fo r the protective e ffec t could be the prevention of LPS 

shock w ith in  the neonates by the binding of the LPS-serum with LPS 

during a prelim inary GVH reaction. I t  has been shown (33) that 

treatment of neonates with an tib io tics  decreases incidence of GVH 

disease by ju s t such an endotoxemia prevention mechanism. Normal 

serum from CBA/J animals given in conjunction with WN CBA/J cells  

has no abrogating e ffe c t. The data presented in the current study 

include samples repeating those observations. In addition , i t  

was shown that there was no difference in resulting GVH disease 

by giving e ith er normal or LPS-C3H/HeJ serum. . The C3H/HeJ mice
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respond poorly and tran s ien tly  to LPS as an antigen (7) so i t  would 

be expected that no s ig n ifican t antibody element would be produced 

under these circumstances (HA t i t e r  less than .1:4, data not shown).

I t  must be noted, however, that ju s t the presence of the C3H/HeJ 

serum with the CBA/J ce lls  reduced fin a l m ortality  markedly, even 

though the numbers were not s ta t is t ic a l ly  s ig n ifican t a t the 

p = 0.0.5 le v e l. The question may be raised whether th is  could be 

due to a nonspecific facto r that has a suppressive e ffe c t or i f  i t  

is a phenomenon seen using nonsyngeneic serum. Experiments using 

other allogeneic sera or even heterologous sera seem to indicate

that the la t te r  is not the case (data not shown).
\

With ce lls  from normal C3H/HeJ mice, th e ir  in jec tion  in 

conjunction with any o f the sera.tested causes a s ig n ific a n t decrease 

in GVH disease of the Balb/c neonates. Even so, LPS-CBA/J serum does 

not fu rther lower the level of re a c tiv ity  from that obtained from 

normal CBA/J serum. This e ffec t cannot then be a ttribu ted  to an 

a n ti-LPS component found only in the LPS-serum, but rather seems 

to be related to the CBA/J orig in  of the serum. The most surprising 

results are found with the combination o f C3H/HeJ ce lls  with normal 

or LPS serum of syngeneic o rig in . I t  is hard to believe that humoral 

elements could have such a suppressive e ffe c t on the allogeneic 

re a c tiv ity  o f th e ir  own c e lls , and no explanation is read ily  

apparent. Although attempts have been made to compare changes

32
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evoked in re a c tiv ity  w ith in  each mouse s tra in , i t  may deserve 

mention that the drop in re a c tiv ity  from CBA/J ce lls  in normal 

CBA/J serum to the level seen of CBA/J ce lls  in the pa ir o f 

C3H/HeJ sera is  comparable to the drop from the re a c tiv ity  of 

C3H/HeJ ce lls  in  the CBA/J sera down to the values found with 

C3H/HeJ ce lls  in the C3H/HeJ sera.

The contention that the adherent ce ll population of LPS-CBA/J 

mice was responsible fo r removal of GVH reactive ce lls  (15) was 

supported and further extended by work in th is  study. I t  is seen 

that LPS-CBA/J adherent ce lls  are capable of reducing m ortality  not 

only of WN CBA/J ce lls  but also of WN C3H/HeJ c e lls . In contrast, 

re a c tiv ity  of WN ce lls  of e ith e r s tra in  is  unaltered by incubation 

with LPS-C3H/HeJ adherent c e lls . The important controls of layering  

WN ce lls  on the adherent ce lls  of the allogeneic s tra in  show that 

the removal o f GVH re a c tiv ity  is the unique property o f the LPS-CBA/J 

adherent c e lls . The mechanism of nonspecific absorptive removal 

and/or cytotoxic e ffec t l?y activated ce lls  of the adherent population 

on allo a n t igen reactive ce lls  is also strengthened because o f the 

suppression of GVH by the allogeneic C3H/HeJ ce lls  as well as the 

syngeneic CBA/J c e lls . This is in contrast to the suppression caused 

by the LPS-CBA/J serum because its  e ffe c t is  only seen with WN cells  

of CBA/J o rig in . That T lymphocytes o f both strains remain
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unaffected by the LPS treatment is seen by comparing re a c tiv ity  of 

the nonadherent LPS-cells with m orta lity  caused by WN c e lls . .

As another way of testing whether LPS had any activating  

e ffec t on macrophage a c tiv ity  w ithin the C3H/HeJ mice, carbon 

clearance assays were conducted, u t i l iz in g  increase in rate  of 

phagocytosis as ind icative  of stim ulation. The phagocytic index 

of both LPS-sensitive mouse strains was s ig n ific a n tly  increased 

by pretreatment with LPS. No stim ulation of the phagocytic a c tiv ity  

by the RES of the C3H/HeJ mice was accomplished by e ith er phenol- 

extracted LPS or butanol-extracted LPS. Since the la t te r  material 

is mitogenic fo r C3H/HeJ B lymphocytes, the low molecular weight 

polypeptide responsible fo r the mitogenesis is again seen not to 

be a stim ulatory material fo r the macrophage. This dichotomy of 

response has also been recently reported by Chedid (31) in that 

clearance of bacteria from the blood of C3H/HeJ mice was not 

increased a fte r  treatment with compounds that had been shown to 

be stim ulatory fo r B ce lls  of the same s tra in .

While the C3H/HeJ mice are described as being LPS-resistant 

and other strains as LPS-sensitive, i t  is necessary to establish  

what level o f s e n s itiv ity  or resistance is displayed with the 

p articu la r LPS source and preparation u tiliz e d  in .th e  study. Of 

the mouse strains employed here, the CBA/J exhibited the greatest 

s e n s itiv ity  with a LPS LDgg of 460 yg and the Balb/c were s lig h tly
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more resistan t with a LD50 o f 750 yg. Apart from these stra in  

differences in LPS su scep tib ility  w ithin a lim ited range, the 

C3H/HeJ are tru ly  res istan t with a dose of 9165 yg required for  

the median le tha l e ffec ts . This level is 12 times higher than for  

the Balb/c and almost 20 times higher than fo r the CBA/J.

Hibbs (34,35) reported that trypan blue e ffe c tiv e ly  blocks 

the a c tiv ity  of macrophages by inactivation  o f lysosomal enzymes 

once the dye has been phagocytosed. As an aside to the other 

research on whether or not the C3H/HeJ macrophages were activated  

by LPS, a possible mechanism fo r the C3H/HeJ's great resistance 

to the le thal e ffects  of LPS was tested using trypan blue. . I t  

was reasoned that i f  the C3H/HeJ macrophage was capable of exces

sive overprocessing and detoxifying LPS w ithin its  lysosomes, 

inactivation  o f these organelles should d ras tica lly  decrease the 

LPS LDgg of the C3H/HeJ down to a level o f s im ilarly  treated  

sensitive s tra ins . The macrophage indeed plays a substantial role  

in trapping and detoxifying LPS because overwhelming the RES with 

trypan blue p rio r to adminstration of the LPS leaves the animals 

much more vulnerable to the toxic LPS e ffec ts . Thus animals 

succumb to much lower doses of LPS than when an in tac t RES is able 

to absorb larger amounts of the LPS before a lethal level is  reached 

w ithin  the animals. The RES blockade could also be combined with 

an increased perm eability of lysosomes w ith in  the reticuloendothelial
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c e lls , which has been reported to increase LPS su scep tib ility  in 

RES stim ulation experiments (36 ). Indeed, p rio r in jection  with, 

trypan blue decreases the LPS LD501S in both the CBA/J and the 

Balb/c mice by greater than 12 fo ld . No real increase in suscepti

b i l i t y  to LPS is produced in C3H/HeJ mice by pretreatment with 

trypan blue. An age-related s e n s itiv ity  to the dye was revealed 

and more experiments are planned to possibly elucidate the 

mechanism of th is  s e n s itiv ity .

In an overview, a few key points have been elucidated in 

th is study. I t  has been shown that LPS activates CBA/J adherent 

ce lls  nonspecifically in  that suppressive effects are exerted on 

normal lymphoid ce lls  of allogeneic orig in  as well as from the same 

s tra in , as had been previously reported. In contrast, the abrogation 

of GVH by LPS-CBA/J serum was e ffec tive  only on the syngeneic cells  

in th is  p a rticu la r system. There is no activation o f a suppressor 

adherent ce ll or production of a humoral antibody in the C3H/HeJ 

that decreases GVH re a c tiv ity  when compared to normal ce lls  or serum. 

C3H/HeJ spleen ce lls  also exh ib it a lower re a c tiv ity  when injected  

in allogeneic sera, whether the donors were pretreated with LPS 

or not. Notably, C3H/HeJ serum i t s e l f  possesses some nonspecific 

suppressive element that decreases a c tiv ity  of its  own spleen cells  

as well as allogeneic c e lls .
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The main theme emerging from this work is th a t, in addition 

to the inactivation  o f C3H/HeJ B lymphocytes much reported in current 

l i te ra tu re , C3H/HeJ macrophages are also refractory to stim ulation  

by LPS. Even though B ce ll mitogenesis is seemingly not correlated  

with macrophage a c tiva tio n , the nonresponsiveness to the usual 

activating  action LPS has on macrophages could be due to a membrane 

defect, in the macrophages s im ilar to the one proposed fo r B ce lls .

The p o ss ib ility  th a t macrophages have actually  been inactivated by 

contact with LPS would not seem to be the case because the phagocytic 

index is not lowered by p rio r treatment with LPS. I t  may not be 

va lid  to make th is  supposition, however, since the duration of 

inaction has not been studied and the e ffe c t could easily  have 

diminished by the time of the 72 hour assay. This is certa in ly  

an area th a t deserves fu rther research atten tion . General observa

tions a t the c e llu la r  level must pave the way for elucidation of 

molecular mechanisms of interactions o f bacterial LPS w ithin  

eukaryotic systems.
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