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Abstract:

The C3H/Hel mouse strain has been investigated recently because it exhibits an anomalous response to
endotoxin from gram negative bacteria. This peculiar response has enabled further investigations into
the . mechanisms of B cell activation. This paper examines the in vivo and in vitro antibody response
by this mouse strain because there is a paucity of data in this area, and because the explanation for the
anomalous response itself has remained open. It was demonstrated that the C3H/HeJ animals could
make primary and secondary responses to the thymus-dependent antigen sheep erythrocytes in vivo and
in vitro. Primary in vivo responses were also demonstrated for the thymus-independent antigens Vi,
Vi-positive Citrobacter freundil bacterin, polyvinylpyrrolidone, and native protoplasmic
polysaccharide. This mouse strain did not make primary or secondary responses to Escherichia coli
0113 purified lipopolysaccharide either in vivo or in vitro. In vivo primary, but not secondary,
anti-lipopolysaccharide responses by C3H/HelJ spleen cells to E. coli bacterin could be demonstrated,
whereas in vitro, strong secondary anti—lipopolysaccharide responses to the E. coli bacterin could be
elicited. A primary in vitro response to the E. coli bacterin by C3H/HelJ spleen cells is also suggested
from a conservative interpretation of the data. Cell cultures from C3H/HeJ mice yielded mitogenic
responses to phytohemagglutinin, concanavalin A, and E. coli bacterin. Whether or not the C3H/HeJ
strain cell cultures gave a mitogenic response to lipopolysaccharide could not be established. Hybrid F1
mice (Balb/c X C3H/HelJ), when tested, responded similarly to the Balb/c mice. The demonstration of
specific anti-lipopolysaccharide antibody responses suggests that the low or absent C3H/Hel
lipopolysaccharide response noted by other investigators may result from the particular preparation of
endotoxin used in assays.
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ABSTRACT

The C3H/HeJ mouse strain has been investigated re-
cently because it exhibits an anomalous response to
endotoxin from gram negative bacteria. This peculiar
response has enabled further investigations into the .
mechanisms of B cell activation., This paper examines the
in vivo and in vitro antibody response by this mouse strain
because there . is a paucity of data in this area, and be- .
cause the explanatlon for the anomalous response itself has
remained open. It was demonstrated that the C3H/HeJ
animals could make primary and secondary responses to the
thymus-dependent antigen sheep erythrocytes in vivo and
in vitro. Primary in vivo responses were also demon-
strated for the thymus-independent antigens Vi, Vi-pos-
itive Citrobacter freundii bacterin, polyvinylpyrrolidone,
and native protoplasmic polysaccharide. This mouse strain
did not make primary or secondary responses to Escherichia
coli 0113 purified lipopolysaccharide either in vivo or
in vitro. In vivo primary, but not secondary, anti-
11popolysacchar1de responses by C3H/HeJ spleen cells to
E. coli bacterin could be demonstrated, whereas in vitro,
strong secondary anti—lipopolysaccharide responses to the
E. coli bacterin could be elicited. A primary in vitro
response to the E. coli bacterin by C3H/HeJ spleen cells
is also suggested from a conservative interpretation of .
the data. Cell cultures from C3H/HeJ mice yielded
mitogenic responses to phytohemagglutinin, concanavalin
A, and E. coli bacterin. Whether or not the C3H/HeJ strain
cell cultures gave a mitogenic response to lipopoly-
saccharide could not be established. Hybrid F; mice
(Balb/c X C3H/HeJ), when tested, responded similarly to
the Balb/c mice. The demonstration of specific anti-
lipopolysaccharide antibody responses suggests that the
low or absent C3H/HeJ lipopolysaccharide response noted
by other investigators may result from the particular
preparation of endotoxin used in assays.




INTRODUCTION

Lipopolysaccharide (LPS) isolated from gram negative
bacteria can be viewed as a composite of two distinct
functional moieties: The O—polysaécharide which has been
characterized as the ma jor antigen (38) is linked via a
trisaccharide of 2~keto-3-deo¥yoctanoic acid (KDO) to the
1lipid A structure (38). ‘

LPS can elicit a myriad of biological activities from
a host. 1Included in tﬁe list of host-~reactive immunologi-
cal properties ares 1) specific mitogenicity for' B
lymphocytes (B cells) (3,4,11,20,47), 2) highly immuno-
genic (35,54), 3) polyclonal activation of B cells to
antibody producing cells (4,14), 4) replacement of thymus
cell (T cell) helper function (57,69,70), 5) adjuvant
activity which enhances the immune response to other
antigens (1,23,32,33,59), 6) interference with the
induction of tolerance to protein antigens (22,36,37),
and 7) LPS has been demonstrated to be a thymus-ihdepen-
dent (T-independent) antigen in that T cells are
apparently not required for an immune response to LPS
(5,39,43). ‘

It has been difficult to formally relate these

‘diverse immunologic activities'bf LPS to a common




mechanism; however recent experiments utilizing the
C3H/HeJ strain of mice have provided a model,'not
dependent upon chemical modifications such as acid or
basg hydrolysis of LPS;’for understanding the signals
involved,

The C3H/HeJ mouse strain, developed at the L. C.
Strong Laboratory (Del Mar, CA), was the original C3H
strain from which several other sublines derived (26).
The subline C3H/He subsequently yielded the C3H/HeN and
C3H/HeJ strains which have been maintained separately
since 1948 at the Jackson Laboratories (Bar Harbor, ME)
(52). The C3H/HeJ mouse has been intensively investi-
gated recently following the initial .observations by
Sultzer that this particular strain reacted in an
anomalous manner to endotoxin (63). The C3H/HeJ mice
were very resistant to endotoxin toxicity and exhibited
a peculiar leukocyte response to intraperitoneal in-

jections of Escherichia coli (E. coli) or Salmonella

typhosa endotoxin in that the ratio of neutrophils to
mononuclear cells wés small compared to other mice -
strains (63). The C3H/HeJ mice have been demonstrated to

be refractory to many other properties of LPS.




a) Mitogenic Response: The lipid A moiety of LPS

was shown to be a B cell mitogen (11,20,47), but
spleen cell cultures prepared from C3H/HeJ mice were
not stimulated when tested with several types of E.

coli or Salmonella spp. LPS (11,15,64,66,71,72). The

response to other B cell mitogens, purified protein
derivative from tuberculin (64), dextran'sﬁlfate, and
polyinosinic acid (56), was normal in the CBH/He&.mice
ihdicating that the inability to respond to LPS Aid
not limit other mitogenic responses (71).

b) Adjuvant Activity of LPS: It was observed that

LPS could function as an adjuvant for protein anti-
gens (1,23,33), and the lipid A portion was respon-
sible for the adjuvant effect (11l)., This adjuvant
effect could not ﬁe.demonstrated‘in C3H/HeJ mice.
Skidmore et al have shown that C3H/HeJ and A/J mice
-responded eﬁually well to the antigen bovine serum
albumin (BSA), but that in A/J ﬁice Lfs enhanced the
BSA respénse more than 1000. fold while there was no
enhancement with LPS in C3H/HeJ mice (59).

c) Inhibition of Tolerances It has been reported by

Claman (12), Golub et al (22), and Louis et al (36)




that LPS‘administered shortly after a tolerogenic
dose of a protein antigen such as deaggregated human
gamma-globulin inhibited the induction of tolerance.
This phenomenon could nét be demonstrated in C3H/HeJ
mice (59). The failure of LPS to interfere with the
induction of tolgrancé was not due to the inability of
the strain to respond‘to the‘antigen because C3H/HeJ
mice did respond to aggregated human gamma-globulin
(59). |

d) Polyclonal Response: An antibody response to many

antigens, due to polyclonal B cell activation by LPS
was reported by Coutinho et al (14). Experiments have
shéwn that CBH/HeJ miéé support only a very small
polyclonal response as assayed by antibody specific
for the hapten trinitrophenyl (26,71).

e) Immune Responses It has been clearly shown that

C3H/HéJ mice were low responders to LPS over a wide
dose range and that the optimum'dose was between 1
and 25ug of LPS (59,71). Skidmore et al (59) re--
ported that the immune response to LPS peaked on day
7 and diminished on days 9-13:. Reed and Rudbach

indicated that the peak response occurred on day 4
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and diminished thereafter in C3H/HeJ animals (48),
The kinetics of the responée may depend upon which
endotoxin preparation is used. , C3H/HeJ mice did res-
pond‘to native protoplasmic polysacchéride (NPP), an
aberrant form of LPS which lacks lipid A and KDO but
cross reacts completely with tﬁe O-antigenic deter-
minants of homologous LPS.(67), similar in magnitude
to that observed in other high LPS responder C3H
strains. This indicated that the low LPS response

by CéH/HeJ mice to LPS was due to a failure by the
C3H/HeJ mice to respond to the lipid A structure and
not to the O-polysaccharide (73). Further, since the
NPP responses were similar to the LPS responses in
C3H/HeJ animals, the,iﬁplication was that the lipid A
did not function as an adjuvant for the O-poly-
saccharide antigen (67,73). Jacobs (26) reported that
C3H/HeJ mice; which could make a response to
triﬁitrophenyl-keyhole limpét hemocyanin, made a very
low response to trinitrophenyl-LPS (a thymus—indepen-
dent antigen) suggesting an active role for the
immunogenicity of the carrier was dependent on lipid

A,




To deterﬁine if the anomalous C3H/HeJ responses to
LPS were due to a defect in one or multiple genes, Watson
and Riblet performed a genetic analysis (71,72). It was
demonstrated thét,the ability to be a high LPS responder
was dominant because Fi animals from high and low responder
parents gave high LPS responder progeny. Mixed lymphocyte

cultures (MLC) using C3H/HeJ and C3HeB/FeJ, a high LPS re-

_sponder strain, did not result in any detectable MLC

activity indicating that the defect was not associated

with the M locus. A backcrosg liﬁkage analysis using
(C3H/Hed X CWB) F1 mice X C3H/HeJ mice revealed that the
low LPS response may be due to a single gene which was not
linked to H~2 expression, was not linked to heavy Ig chain
allotype, and was not sex linked. Experiments by
Rosenstreich énd Glode (52), using C3H/HeJ and C3H/HeN

(a high LPS responder strain), also showed that the defect
was not associated with the H-2 locus. Skidmore et al (595
also showed that ﬁhe defect which limited the immune res-
ponse‘to LPS also limited the mitogenic and polyclonal
response to LPS as well as prevenﬁing LPS from interfering

with the induction of tolerance.

To determine if the defect in C3H/HeJ mice to respond




normally to LPS was located on B cells or whether the
defect was associated with other cell types that regulated\
the expression of B cells, in vivo and in vitro cell
mixing experiments were performed. Adult thymectomized-
lethally irradiated C3H/HeJ mice reconstituted with high
LPS responder C3ﬁeB/FeJ bone marrow cells supported immune
and mitogenic responses to LPS (71). Further, adult
thymectomized-lethally irradiated C3H/HeJ mice recon-
stituted with both C3HeB/FeJ bone marrow and C3H/HeJ
thymus cells sﬁpported LPS responses indicating no sup-
pressor activity by the C3H/HeJ thymus cells (71). When
C3H/HeJ animals Qere reconstituted with C3H/HeJ bone
marrow cells and C3HeB/FeJd thymus cells, there was a
failure to respond to LPS, This indicated that the
C3H/HeJ low LPS response could not be attributed to a lack
of some T cell function (71). Watson and Riblet’(7lf and
Skidmore et al (59) performed in vitro cell mixing ex-
periments using either Q3HeB/FeJ or C3H/St (both high LPS
responder strains) cells with C3H/HeJ cells. No MLC
reactions wefe observed nor did the.C3H/HeJ cells suppress
or enhance the mitoéénic response of,C3Heﬁ/FeJ or C3H/st

cells. Reciprocal'cell mixing experiments with purified
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T cells/or'macrophages did not result in enhanéement or
suppression of the ﬁitogenic response to LPS by ﬁhe high
"LPS résponder,celisoll |

A recent report by Glode et al (21) has demonstrated
that C3H/HeJ miée have no significant differencé from high
responder strains in the percentage of B cells or the total
number of spleen cells., These studies also indicated that
'the’macropﬁage did‘not_play a ‘suppressive or enhancing
role, - | .

Radiolabeled LPS was found to bind equaily well to
C3H/HeJ or C3ﬁeB/FeJ spleen cells (71) which indicated that
the genetic defect limiting the C3H/HeJ LPS response did
not quantitatively reduce the binding of LPS to the B

cells.
Statement of Thesis

The observations which indicated thét the C3H/HeJ
mouse is a low feéponder to LPS led to fesearch which
 demonstrated that the low response was due to a genétic
defect in the C3H/HeJ B cells. This defect has been pro-
posed to be the inability of the B cells to enter an

inductive pathWéy'for blastogenesis after binding the LPS.




This central failure to enter blastogenesis has been the.
basis for explainings ‘1) the low or absent mitogenic
response to LPS by C3H/HeJ cells,'2) lack of T-dependent
ad juvant activity.by LPsS, 3) faiiufe to inhibit the induc~
tion of toierance, 4) the very small polyclonai responée;
and 5) the anomalous aﬁtibody response. These observa-
tions on the C3H/HeJ strain have also served to amplify
the proposal that'the processés of antibody induction and
synthesis are linked and thaﬁ,a mitogenic signal is
sufficiént by itself to induce B cgll activation tS anti-
body producing'celis.*

However, there is a paucity of data pertaining to the
antibodf response by this mouse'strain and this aspect was
examined. The demonstration of anti-LPS responses to Lps,
E. coli bacterin, or NPP would not detract or contradict
previous models of immune induction based on investigations
with the C3H/HeJ mouse. Réther, positive responses couldl
indicate that the speCific response is dependent upon the
endotoxin preparation used. In this respect I have con-
centrated on onefpafticulaf LPS preparation and the re-
.séarch was designed to examine the followiné pointé:

1) Does the.C3H/HeJ animal yield primary and
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secondary antibody responses, both in vivo and in
vitro, to the thymus-dependent antigen sheep |
erythrécyfes?

2) Does the C3H/HeJ mouse give primary and secondary
antibody responsés, both in vivo and in g;ggg, to fhe
thymus—indepéndent antigen LPS?

3) Do the C3H/HeJ mice make_priﬁary and secondary
responses in vivo and in vitro to LPS when the LPS is
présented on'baéterin rather than as a purified anti--
gen extracted from the bacterin?

4) Do C3H/HeJ animals fespond tb the nonmitogenic
Oapolysaccharidé of LPS as supplied by NPP; and cén
NPP prime these animals for.a secondary response to
LPS? |

5) 1Is the E. coli 0113 bacterin mitogenic for
C3H/HeJ spleen cells?

6) Do C3H/HeJ mice respond normally to othér thymus-
independent antigens such as the Vi antigen, Vi-

positive Citrobacter freundii bacterin, and

polyvinylpyrrolidone? °




METHODS AND MATERIALS

. Animals

Balb/c,AC3H/HeJ, and Fy (Balb/c X C3H/HeJ) mice were
used-in this investigation. The Balb/c animals were from
' stock maintained in our laboratory. The C3H/HeJ mice were
purchased from Jackson Laboratories (Bar Harbdr, ME), Fl
mice were derived by érossiﬁg female C3H/HeJ with.male
'Balb/c mice., The animals were maintained on acidified,
chlorinated water and sterilized Purina Lab Chow 5010 ad
libitum. All‘experiments were performea on age-matched

mice of both sexes two to four months of age.

Antigens and In Vivo Immunizations

Sheep Erythrocyte Antigen

Sheep erythrocytes (SﬁBC) from different animals
vary in the capacity to successfdlly immunize in vitro
culture sysﬁems° Therefore,-twénty—six blood samples, in
Alsever's solution, (Colorado'Sgrum Co., Denver, CO) were
.individually tested. Sheep No. 12 was selected as the best
donor because erythrocytés from this'animal elicited the
highest responses. For primary and secondary in vivo
immﬁnizations,‘SRBC from sheep No. 12 were washed twice
in'sterile_bhOSphate‘buffered saline (PBS) and resuspended

to 20% in PBS. Mice received 0.1 ml of the SRBC'suspension
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intravenously (i.v.) via the lateral tail vein.

bipopolysaccharide Antigen

Lipopolysaécharide; extracted from E. coli 0113 by
the phenol-water method of Westphal (74), was kindly
supplied by Dr. J. A. Rudbach (Univ; of Méntana,‘
Missoula, M‘I‘)° Mice were immunized for primary‘responses
by injeéting i.v. lpg of LPS in 0.1 ml PBS, Secondary
responses were elicited by priming the animals with lug
LPS in 0.1 ml PBS i.v. followed either 9 or 14 days later
with a boosting dose of lug LPS in 0.1 ml PBS i.v., All
LPS preparations'were filter sterilized by passage through
a 0,22y millipore filter using a Swinnex filte; assembly

and syringe,

Native Protoplasﬁic Polysaccharide
Native protoplasmic polyééccharide waé extracted

froﬁ the protoplaémic fraction of E. coli 0113 with cold
trichloroacetic acid, as described by Anacker et al (2).
The NPP was prepared and kindly supplied by Dr. J. A.
Rudbach. The immunization schedule for primary and
secondary responses was the same as for the LPS immﬁni-
zations (day 9)., All NPP preparafions were filter

sterilized.
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Escherichia coli 0113 Bacterin

A stock bacterin containing approximately 3 X 1010
heat killed E. coli 0113 cells per ml was a gift from Dr.
J. A, Rudbaéh. Whole cells, possessing LPé, were used as
an antigen.in both in vivo and in vitro studies. The bact-
erin was washed four times in PBS and resuspended in PBS
to a concentration of 1 X 1010 cells per ml. Mice re-
ceived 1 x 109 cells in 0.1 ml PBS i.v. for both primary
and secondary injections. For in vitro secondary res-
ponses, mice were first primed with 1 X 10° cells in 0.1
ml PBS iovo; and nine days latef sacrificed for culturing,

Vi Antigen

Vi antigen, extracted from Citrobacter freundii and

purified by an electrophoresis procedure (29), was kindly
donated by Dr. F. G, Jarvis (Idaho State Univ., Pocatello,
ID)., Mice were injected i.v. with 0.2 ml of a saline sol-
ution of Vi, the concentrations varying as indicated in the
YResults" section, | |

Citrobacter freundii Bacterin

From a cultﬁre stock donated by Dr. F. G. Jarvis, a
stock bacterin containing approximately 4.4 X 109'_C_°

freundii Vi-positive cells per'ml in 0.3% formalized saline
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(9) was preparea by Dr. N. D. Reed (Montana State Univ.,
Bozeman, MT). The bacterin was washed four times in PBS
and resuspended in PBS, Mice received 0,2 ml of the cell
suspension i.v. at concentrations indicated in the |
"Results" section,

Polyvinylpyrrolidone

Polyvinylpyrrolidone, type K-90, molecular weight
3.6 x 104 daltons, (GAF Corp., New York, NY) was dissolved
in PBS and injected i.v. at a concentration of 0.25ug in

0,25 ml per mouse,

Cell Cultures for Generation of In Vitro Plaque

Forming Cells

Cell Cultures

Spleen cell cultures were prepared using a modifi-
cation by Click et al (13) of the original in vitro
technique described by Mishell and Dutton (42). Briefly,
the p:océdﬁre was as follows. Mice were killed by cervical
dislocation. The spleens were aseptically removed and
‘transferred to a sterile 60 X 15 mm plastic Petri dish
(Falcon Plastics, No. 3002) containing 5 ml of cold sterile
Hank's balanced salt solution{(HBSS, Microbiological

Associates, Los Angeles, CA, No. 10-518). A maximum of‘two




15

spleens per dish was allowed. Single cell suspensions
were prepared by extruding the splenic contents from the
spleen capsule and dissociating the mass by repeated

aspirations through a‘l mi sterile plastic pipet'(Falcon

Plastics, No. 7521). This was followed by sedimentation

of the entire suspension in sterile plastic test £ubes
(Falcon Plastics, No. 2054) to exclude the tissue frag-
ments and debris from the cells. The resulting single

cell suspension was centrifuged at 300 X g for 7 minutes

“and the cells resuspended in complete culture medium.

Cultures wére established in sterile 35 X 10 mm plastic
Petri dishes (Falcon Plastics, No. 3001). The cell con-
centration was édjusted to 7 X 10° celis per ml and 2 ml
of the cell suspension added to each dish, All cultures
were maintained (unless otherwise‘indicated) for 5 days in
an atmosphere of 10% CO, 7% O, and 83% N, within lucite
chambers at 37°C on a continuous rocking platform. No
daily feedings were féquired, and rocking (7-10 cycles per
minute) was terminated after 3.5 days. |

Culture Medium

The following culture medium was‘employed.

(Reagents were purchased from Microbiological Associates,
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Los Angeles, CA, except where indicated.)

Part One:

Stérile deionized.water
Hank's BSS

Essential amino acids
anessential amino acids
Nucleic acid precursors
Essential vitamins
Sodium byruvate
L-glutamine
Penicillin;streptomycin

%

Conc.

10X

50X

100X

1X, stock
50X
100mM
200mM‘

5000 units
per ml

Stock # Amount
17-724 71,3 ml
10-518 10,0 ml
13-606 4.0 ml
13-114 5.0 ml

dededt 2,5 ml
13-607 2,0 ml
13-115 2,5 ml
17-605 2,0 ml
17-603 1.0 ml

L X . . .
The stock solution of nucleic acid precur-

sors was prepared by dissolving 50 mg eaéh

of adenosine, guanosine, uridine, and cyto-

sine (precursors purchased from Grand Island

Biological Co., Grand Island, NY., Adenosine,

#60030; quanosine, #60305; uridine, #60570,"

cytosine, #60130) in 50 ml of sterile deio-

nized water. To this solution was added

0.2ml of 2M NaOH to prevent precipitation.df

the reagents. The stock was filter sterilized

o
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by passage through a Swinnex millipore
assembly using a 0.22u filter,
Part Two:
The medium described in Part One was adjusted td
a pid of 7.0 with approximaﬁely 0.47ml of 2M NaOH and
qesignated "incomplete mediumaa

Part Three:

Final preparation of the medium consisted of

_mixing with 44.,5ml incomplete medium the following

reagents:
2-mercaptoethanol** whk 0.05 ml
Fetal calf serum 14-414 5.0 ml

Sodium bicarbonate 17-613 0,48 ml
** The stock solution of 2-mercaptoethanol
(Sigma Chemical Co., St. Louis, MO, #M-6250)
was prepared by adding 0,35 ml of 2-ME into

100 ml of Hank's balanced salt solution.

In Vitro Immunizations

In vitro immunizations were performed with the

folldwing antigens: SRBC, LPS, and E. coli bacterin.

Sheep Ervthrocytes

SRBC -from sheep No, 12 were washed three times in
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sterile PBS and resuspended to l.5%_in complete culture
medium. Successful immunization was achieved by adding
0.05 ml of the SRBC suspénsion to each cuiture.

Lipopolysaccharide

Filter sterilized LPS solutions were added to each
culture in 0.05 ml volumes. The concentrations ranged
from 1 to 50pg LPS per culture.

Escherichia coli Bacterin

E. coli 0113 cells were washed four times in -
sterile PBS and resuspended in complete culture medium.
+ A1l immunizing doses were given in 0.05 ml volumes and the

concentrations of bacterin adjusted to cover the range of

5 X lO6 to 1 X 108 cells per culture,

jLocalized Hemolysis—in-Gél Assay

The plaque forming cell (PFC) response of in vivo or
in giggé experiments was assayed by a sliée modification
(42) of the hemolysis-in-gel technique of Jerne (31).
Agarose (Sigma Chemical Co., St. Louis, MO) or Seaplaque
agarose (Microbiological Associates, Bethesda, MD) was used
‘at concentrations of 0.6% and 0.9% respectively in Dutton's

balanced salt solution (42).
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Preparation of Cells for Plague Assay

Spleen Cells, In Vivo Donors

Spleens were aseptically removed and a single
cell suspension in PBS was ﬁrepared as described in the
"Cell Cultures for Generation of In Vitro PFC" section.
The final suspension of the cells in 2.5 ml Duﬁton‘s
balanced salt solution per spiéen‘was done in sterile
plastic test tubes.

Spleen Cells, In Vitro Cultures

Each in vitro experiment emﬁioyed triplicate sets
of cultures which were comBined upon harvesting. A tygon
policeman was used-to scrape and remove the cells from
the bottoms of the culture dishes. The celi suspension
was transferred with a Pasteur pipet into plastic fest
tubes and centrifuged for 5 minutes at 300 X g, The cell
pellet was fesuspended in 1 ml Dutton's balanced salt
solution  and used as the "undiluted" sample in the plaque

.assay.

‘Antigen Coating of Sheep Erythrocytes

LPS=SRBC
To determine specific PFC to LPS, NPP, or E. coli

0113 bacterin, SRBC were cqated with LPS from E. coli 0113
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by the method of Neter et al (46). 1 mg LPS per ml PBS
was boiled for 2.5 hours. Coating of SRBC‘wés achieved by
incubatihg 1 mg boiled LPS diluted 1;10 in PBS per 0.3 ml
of packed SRBC for 0.5 hours at 37°C. The SRBC were then
washed three times in PBS, and a 10% suspension of-LPS—
coated-SRBC was used for plaquing. Assayé were performed
‘on animals or.ig vitro cultures on the days indicated in
the‘“Results“.section. |

Vi-SRBC and Plagquing Procedure

The plaquihg procedure for the Vi antigen was
developed by Reed et al (49) to detect Vi specific PFC
from purified Vi or C. freundii bacterin immunizations.
Coating the SRBC with Vi antigen wasvaccémplished by
- nmixing equal volumes of a 10% SRBC suspension in PBS with
a'0,05pg Vi éer'ml PBS solution and incubating at 37°C
for 2 hours. The SRBC were then washed four times in 10
volumes. of PBS and resuspended in PBS at a concentration
of 8% for the PFC assay. After an initial 2 hour incuba—.
tion at 37°9C in a humid atmosphere, the slides were
flooded wiﬁh a 1:10 dilution in Dutton's balanced salt
_solution_of guinea pig complement. An optimal dilution of

rabbit anti-mouse gamma-globuiin (1:400) was used to
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facilitate plagque formation; the facilitating antiéerum
‘was added to the L:lO complement,_ An additional 1 hour
_incubation at 37°C was allowed for the plaques to develop.
Asséys were performed on day 5 following immunization.

PVP~-SRBC and Plague Procedure

The number of PFC to PVP was determined 5 days
after immunization by using SRBC coaﬁed with PVP as dés-
qribed,by Rotter and Trainin (53). SRBC were washed three
times in PBS and resuspended to 5% in PBS. ‘Equal volumes
of cells and a tannic acid solution (0.1 mg tahnic acid
per ml PBS) were incubated at room temperatﬁre'for 15
minutes; the tannic acid solution had béen made 10-12 hours
previously. The SRBC were washed three times in PBS and
divided into two aliquotse- One-hélf of the cells were re-
suspended to 8% in Dutton's balanced salt solution and
served as the fannic_acid treatment control in the plaque
éséayo The rest of the cells were resuspended to 5% in
PBS, and equal volumes of the SRBC suspension and a FVP
solution (0.1 mg PVP per ml PBS) were incubated for 15
‘minutes at room'temperaturep_ The cells were washed three
times and resuspended to 8% in.Duﬁton“s balancéd salt

solution for plaquing.
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. Stimulation of Cell Cultures by Mitogens

Mitogens

Spleen or thymus cells were examined for a
mitogenic response to four mitogens: Phytohemagglutinin
(PHA)A(Difco Labs, Inc., Detroit, MI, No. 3110-56): |
Concanavalin 2 (Con A) (Milés Labs, Inc., Kankakee, IL);
LPS and E. coli Ol13 bacterin. The PHA, Con A, and LPS
mitogen preparations were madé in PBS, filtered sterilized,
and stored at -209cC, .The‘go coli bacterin was washed four
times in stgrile,PBS and resuspended in‘sterile PBS. The
concentrations of the mifogens nre indicated in the
"Results" section.

Cell Cultures

Cultures for mitogen studies were prepared from both
'spleen and th’ymus‘cells° Cell suspensions of the organs
were made exactly as pre&iously described in "Cell Cul-
tures for Generation of In y;gig PFC", thréugh the sedimen-
tation step. The spleen or thymus cell suspension was thén
centrifuged for 5 minutes at 300 X g and‘resuSpended in 5
ml (per two spleens or 5 thymuses) of cold sterile tris-
NH4C1 (see below for formulation) for 5 minutes on ice to

eliminate the mouse erythrocytes. The cells were washed
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twice iﬂ cold PBS supplemented with 2% fetal calf serum,
centrifuged for 5 minutes at 300 X g, and resuspended in
complete mitogen medium (see below for formulation). The
cell concentration was adjusted to 5 X 10% viable cells per
ml as determined by the trypan biue dyé exclusion
procedure.

Triplicate cultures were estéblished in sterile
Micrbtest.II tissue culture plates (Falcon Plastics,
#3040).using 0.2 ml of the cell preparation per well. The
cultures were incubated.at 37°C in an atmosphere of IO%
COp, 7% Op, and 83% N, for 48 hours before pulsing with
tritiated thymidine.

Formulations

Tris-NH4C1

a) .Dissolve 1.66g NH,Cl in 200 ml distilled H,O.
b) Dissolve 0.5lg Tris in 25 ml distilled H,O.
Adjust pH to 7.65 with HCIL. |
c¢) Mix 180 ml "a" with 20 ml "b". pH to 7.2
with HCl.
d) Filter sterilize the solution and store in 250

‘ml sterile”plastic'flaska (Falcon, #3024)
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Complete Mitogen Medium

RPMI 1640
L-glutamine
Penicillin-streptomycin

Fetal'calf serun

Stock #

12-702
17-605
17-603
14-414

Amt.
93 ml
1 mi
1 ml
5 ml

(All reagents purchased from Microbiological

Associates, Los Angeles, CA)

Pulsing Cultures

Forty-eight hour old cultures were pulsed with

thymidine-methyl-3H (New England Nuclear, Boston, MA,

No. NET-027X) by adding 1uCi delivered in 25\ of RPMI

. 1640 to each well. (The NET-027X preﬁaration had an

actiVity of 0.25 mCi per 0.5 ml. Therefore, 0.2 ml of

'isotope into 2.3 ml RPMI was equal to 40u Ci per ml or

1uCi per 25X ).

Harvesting Cultures and Liquid Scintillation Assays

The Microtest II plates were centrifuged'at 350

X g for 8 minutes to insure adherence of the cells to the

" bottom of the wells. The plates were "flicked" to remove

the supernatant from all the wells simultaneously. The

following trichloroacetic acid (TCA) procedure was




25

performed three times to precipitgte the DNA; Each welliof
the Miérotest plate was filled using a Pasteur pipet with
7 drops of 5% aqueous TCA, directly centrifuged at 350 X
g for‘7 minutes and then “flicked;‘° Following the final
TCA treatment, 5 drops from a Pasteur pipet of 1 M NaOH
was added to each well and allowed to dissolve the precipi-
”gate for 2 hoursov. '
Separaté Pasteur pipets were used to transfer the
contents of each well to liquid scintillation vials
(Beckma_.n Instruments, Inc., Salt Lake City, UT; “Extra
Vials", No. 161698) containing 0.8 ml of 0.5 M acetic acid.
To eaéh vial was then added 10 ml of Aquasol, an universal
liguid scintillation counting. cocktail (New England
Nuclear, Boston, MA; No. NEF-934) and shaken to insure
mixing., All Vialé were counted in a Beckman LS-100C liquid

scintillatioh system,




RESULTS

In Vivo Response of Balb/c, C3H/HeJ, and F; Mice

to SRBC, Vi, PVP, NPP, LPS, and Bacterins

A series of in vivo studies was performed to compare
. the immune’response of Balb/c, CBH/HéJ, and F; mice to
‘several antiéens° Tables 1'throu§h 6 pertain to the in
vivo work and all individual results may be found in the -

"Appendix to Results" section.

Primary and Secondary Responses by Mice to SRBC

The immune response to the thymus-dependent antigen

SRBC was examined in Balb/c, C3H/HeJ, and fl.mice (Table
1). Sultzer (65) reported that C3H/HeJ mice made normal
primary responses to SRBC. My data indicate that the pri-
mary PFC reSponsés of the tﬁree strains are of similar
magnitude. I have further demonstrated that the C3H/HeJ
mice make a.normal secondary respénse to SRBC, approxima-
tely ten times the primary response as assayed by
facilitating serum to develop the IgG plagues. (Fl

animals were not tested).

P

Response by Mice to Vi Antigen

The Vi antigen, a polymer of N-acetyl-D-galactosami-

nuronic acid and produced by some members of the
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Enterobacteriaceae, has been demonstrated by Reed et al

(50) to be a T cell independent antigen in that thymus-
derived cells were not required for an immune response,
Shown in Table 2 are the PFC responses of Balb/c and

C3H/HeJ mice to Vi and Vi-positive Citrobacter freundii

cells° Mice were injected with antigen on day 0 and
assayed on day 5. Although the C3H/HeJ mice responded at
approximately one-fourth the leve; of the Balb/c mice, my
experiments establish that both strains do make primary
responses to Vi or Vi-positive bacterin., Facilitating
serum was used tq increase the size and clarify the plaques
for counting} however these faéilitated plagues were éhowh

by Reed et al (49) to be IgM plaques.

Respohse by Mice to PVP

The antigen PVP is considered to be a T-independent
antigen based on experiments demonstrating that: 1)
neonatal thymectomy did not alter the antibody response in
adult mice (5), 2) adult thymectomized, lethally irradiated
mice reconstituted with syngeneic bone marrow cells res-
ponded to PVP (6), 3) congenitally thymusless nude mice
responded to PVP (34). Thymus cells, however, have been

demonstrated to exert a regﬁlatory function over the PVP
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response (34,53). I have shown (Table 3) that Balb/c,
C3H/HeJ, and F; mice immunized i.v. with 0.25ug PVP on
day 0 and assayed on day 5 are capable of mounting nearly

identical primary PFC responses to this antigen.

Responses by Mice to LPS.

The original observation that C3H/HeJ mice are low
primary (IgM) responders to the thymus-indepéndent antigen
. LPS (5,39,51) was made by Watson and Riblet (66). The |
primary responses (Table 4) by C3H/HeJ mice to LPS confirm
these initial observations and are in agreement with the
results reported by Skidmore et al (59). C3H/HeJ animals
make very small primary responses to LPS compared to
Balb/c or Fy mice.

Because secondary responses to LPS by C3H/HeJ mice
have never been previously reported, these experiments
were performed using two time schedules. In eXperimeﬂt I;
animals were priméd with LPS on day 0, boosted on day 14,
and assayed on day 18. The results indicate ﬁhaf the
residual response (R® = that response remaining 18 days
after the priming iﬁjecﬁion) by Balb/c and C3H/HeJ micé to
the priming LPS dose is similar and very low., The boosting-

injection, four days before assaying, results in a
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secondary response by the Balb/c mice and no secondary
response by the C3H/HeJ mice. In experiment II, mice were
primed with LPS on day 0, boosted on day 9, .and assayed on
day 13. The residual responses by the Balb/c and Fl mice
are similar and about three times greater than the
C3H/HeJ residual response. While there is a proportionete
three fold increase in the secondary‘reSponseé over the
primary responees to LPS in all three strains, I do not
consider the C3H/HeJ response of 1506 PFC's as being really.‘
indicative of a secondary response because the number of
animals in the test group was small and because the C3H/HeJ
response to a second injection of LPS is clearly more than
an order of magnitﬁde less than the number of PFC'sl
generated by the Balb/c or F, mice. These results con-
firm that C3H/HeJ mice are low primary responders to LPS
and ihdicate that C3H/HeJ mice do not gi&e secondary res-

ponses to LPS when immunized on either time schedule.

Primary and Secondary Responses by Mice to E, coli

Bacterin
Experiments with bacterin were performed for two
reasons: Because the C3H/HeJ mice respond at a very low

'level to an LPS preparation, it was of interest to determine
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how they would respond to LPS presented on E. coli 0113
bacterin, Secondly, when in ziggg experiments are per-
fdrmed, soluble antigens are much less effective in
eliciting a response than are particulate antigens. Thus,
I wanted also to establish an in zizg correlate for the ;ﬁ
vitro work with bacterin. Presehﬁed in Table 5 are the
results of two experiments using bacterin. Tﬁenprimary

PFC response by C3H/HeJ mice to E. coli 0113 célls
appeared normal compared to ﬁhe response by Baib/c mice,
This indicates that antibody to LPS can be made. A
seéondary challenge witﬁ bacterin yieided somewhat variable
results, The C3H/HeJ mice appeared in experiment I to give
a second response equal to the primary, while the results
of experimént ITI indicate that é sécondary response only
about twice the magnitude of the primary could be

elicited., I interpret these data as indicating'no differ-
enées between the primary responses to bacterin by Balb/c
and C3H/HeJ mice, and that C3H/HeJ mice do not make
secondary anti LPS responses to the E. coli bacterin but
rather second primary responses that may be maréina;ly
greater than the first primary. Certainly the C3H/HeJ mice

do not demonstrate the 10 fold increase in PFC's as do the.
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Balb/c mice to a second challenge with bacterin,

Response by Mice to NPP, LPS, and an NPP Priming-

LPS Challenge

, NPP extracted from E. coli was deterﬁimed by Rudbach
et al (55) to 5e a‘bolysaccharide with an average molecular
Qeight'of 168,000 daltons. Immunochemically, NPP does not
contain lipid A, 2-keto-3-deoxyoctulosonate, or heptose
but does contain the O-antigenic determinants that cross-
react completely with the O-antigenic determinants of
homologous LPS (67). Von Eschen and Rudbach have demon-
strated that although NPP was not mitogenic for B cells,
NPP could elicit a primary response with specificity to-
ward the O-specific antigens of NPP or homologous LPS
(67). Von Eschen and Rudbach have further shown that mice
did not.make a.secondary re5pohsé-to NPP, and established
that NPP could prime mice for a secondary responée when
‘subsequently chalienged with LPS (67).

Experiments were performed to determine whether or not
the C3H/HeJ mice could be primed with NPP to give a |
secondary response to LPS. The results given in Table 6
show how Balb/c and C3H/HeJ mice responded to priming and

secondary injections of NPP or LPS. Also shown are the
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responses to a secondary challenge‘with LPS when first
primed with NPP, Balb/c and C3H/HeJ mice gave a éimilar
primary response to lug NPP (lng data not shown, but these
primary responses .to NPP were also similar), and LPS
elicited a low primary response in the C3H/HeJ comparedl
‘to the Balb/c mice. |

For determining secondary responses to NPP or LPS,
%pg of each'antigen was used for briming and secondary'
challenge. No secondary response by C3H/HeJ mice to NPP
was found, Wﬁile the Balb/c mice showed a slightly
greater second NPP response over the primary, this is not
considered as significant., The Balb/c animals made an
uncomﬁonly high secondary reSponsé to LPS. The C3H/HeJ .
mice were low responders to a second challenge with LPS as ‘
expected; the 763 PFC's observed is less,than'two.times the
primary response and is considered as indicative of only a
second primarye Priming by NPP is shown in the last entry
of Table 6, It is evident that NPP did prime the Balb/c
mice to give a very strong secondary response to LPS,
The NPP does not appear to have primed the C3H/HeJ animals

for a secondary LPS response,
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My in vivo work presented in C3H/HeJ mice confirms

that they are: 1) normal primary responders to the thymus-—

dependent antigen SRBC, 2) low primary responders to the T-

independent antigen LPS. New information on the C3H/Hed

strain includes: 1) that C3H/HeJ mice can meke normal -

secondafy IgG responses to SRBC, 2) that C3H/HeJ mice are

able
gens
make
PVP,

LPS,

coli

to give primary responses to the T-independent anti-
Vi and Vi-positive baétérin, 3) that C3H/HeJ mice
normal primary responses to the T—independent antigen
4) C3H/HeJ mice do not make secondary responses to

5) C3H/HeJ mice make a normal. primary reépoﬁse to E.

0113 bacterin, but do not make secondary responses

to the bacterin, 6) C3H/HeJ animals make a normal primary

response to NPP, but NPP does not appear to prime these

mice for a secondary response to an LPS challenge.
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TABLE I

In Vivo Primary and Secondary Responses

of Mice to SRBC

PFC/Spleen®
Balb/c C3H/HeJ | Fy
Dir.b Fac. Dir. Fac, -Dir, Féc.

63,594 57,656 88,281 83,750 63,600 59,760
2,100 9,313 825 11,613

88,214 1,418,750 32,656 895,313

b)

c)

lO

and 2° doses were 0.2 ml of 10% SRBC in PBS given
1.v. R® and 2° mice were injected on day 0. 1© and 2°
mice wete’injected on day 20. Assay was pérformed on
day 240.

Dir. = direct plaques,' Fac. = facilitated plaques:
kabﬁit anti-mouse globulin added to complement to
develop IgG plaques.

1° = primary response., R® = the residual response seen
on the day of the assay to a priming dose given on day'

0. 2° = secondary response.
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TABLE II

In Vivo Response of Mice to Vi and Vi-Positive

C. freundii Cells

. PFC/Spleen .
pose? | Balb/c o C3H/HeJ
lug Vi : 26,900 ' 5,750
100ug Vi . 1,é75 50
1 X 102 cells | 58,163 | 16, 250

a) Bll mice were injected i.v., at the doses indicated.
in 0.2 ml PBS. The plagues were facilitated with

rabbit-anti-mouse globulin serum.
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TABLE IIT

‘gg Vivo Response of Mice to PVP

PFC/Spleen®
Balb/c C3H/HeJ : F
12,675 13,080 , 12,030

a) All mice were injected i.v. with 0.25u9 of PVP in

0.25 ml of PBS.
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TABLE IV

In Vivo Primary and Seéoﬁdary Responses

of Mice to LPS

PFC/Spleena
Balb/c C3H/Hed | Fy
1° . 3,740 . 430 —~
Exp.®  R® 83 100
N 2° 22,475 290
1° 6,163 538 6,470
Exp.© R® 1,150 325 1,050
£ 2° 21,100 1,562 17,038

a) Primary and secondary doses of LPS were luyg in 0.1 ml
PBS given i.,v.

b) R° and 2° mice were injected on day 0. 1° and 2° mice
were injected on day 14. The assay was performed on
-day 18, Also see footnote c, Table 1l.

c) RC.and 2° mice injected on day 0. 1° and 2° mice

injected on day 9. Assay done on day 13, Also see
footnote c, Table 1.




38

TABLE V

;g Vivo Primary and Secondary Responses

of Mice to E. coli Cells

PFC/Spleena

Balb/c C3H/HedJ
o S
1 40,013 25,675
Exp.P RO 1,475 1,325
I .
2° 310,938 25,163
(@)
1 20,500 33,500
EXp. R® 1,300 1,340
II -
2@ 275,630 58,250
a) All 1°, R®, and 2° doses were 1 x 10° cells of vacterin

given i.v., in 0.1l ml of PBS,

day 13.

. R® and 2° mice were injected on day O.
were injected on day 9.

Also see footnote ¢, Table 1.

o .
1° and 2° mice
The assay was performed on
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TABLE VI
" In Vivo Primary and Secondary Responses of
. Mice to NPP, LPS, and the Secondary

Response to LPS by Mice First Primed

With NpP
PFC/Spleen
Balb/c C3H/HeJ

a .
NPP 1° _ 1,410 1,200
rps 1° . 6,600 390

oP |
NPP 2 3,094 . 1,157
Lps 2° 116,094 763

c

NPP primed- .
LPS 2° 69,063 525
a) NPP and LPS 1° doses were lpg in 0.1 ml PBS given i.v.

on day 0. Assay was done on day 4. The primary res-
ponse experiment was done several days after the secon-

' dary and NPP-priming experiment.

b)

NPP and LPS priming doses were lug in 0.1 ml PBS given
i.v. on day O. The 2° injections of NPP and LPS were
lug in 0.1 ml PBS given i.v. on day 9. Assays were done
on day 1l3. '

The NPP priming dose was lug in 0.1l ml PBS given i.v.
on day 0. LPS was given on day 9, lpg in 0.1 ml PBS,
i.v. Assay was performed on day 13.
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In Vitro Response of Balb/c, C3H/HeJ, and F

Mice to SRBC, LPS, and E. coli Bacterin

A series of in vitro studies was performed to compare
the in vitro with the in vivo PFC immune responseiof
C3H/HeJ mice with Balb/c énd F, mice., The in vitro genera-
tion of PFC responses in C3H/HeJ mice to SRBC, LPS, or E.
coli bacterin haslnot been feéorted previously. The re-
sults in Tabies 7-9 are expressed as PFC per culture. All
- primary and seéondary cultures were made by pooling spleens
from 3-4 miée, and all residual cultures werée made from

the spleens of 1-2 mice per experiment,

"Primary and Secondary Responses by Balb/c, C3H/Hed,

and F1 Cell Cultures to SRBC

The results of two experiments using the antigen SRBC
aré presented ih Table 7. I have shown that the C3H/HeJ
and F; animals are capable of giving a primary response to
SRBC; these animals were routinely.found to respond at a
somewhat lower level than the Balb/c mice in vitro.
Secondary resgonses in giggg.were'performed_by immuﬂizing
the mice with SRBC and fifteen days later the animals were

sacrificed and the spleen cells cultured with SRBC., Thus,
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the primary responses are with unprimed mice and immunized

" -in-vitro, while the secondary responses are from mice

primed in vivo and immunizéd ;g‘zigggo Residual responses
are derived from mice primed in vivo and their spleen cells
subsequently cultured without antigen. No practical pri-
mary and secondary in vitro immunization could be per-
formed with the time schedule used because the cell.cul-
tures rapidly deteriorate after about five days. In botﬁ
experiments I have demonstrated that C3H/HeJ mice do give
secondary responses to SRBC as evidenced by both the

small residual response compared to the secondary response,
and the switch from IgM to IgG antibody as determined by
the requirement for facilitating serum to develop the
heightened number of plaques. Primary responses were not
assayed for IgG plagues using facilitating serum because it
was assumed that the primary :esponsé'wogld be IgM anti-

bodies,

In Vitro Primary and Secondary Responses of Cell

Cultures to LPS

The genefation of an in vitro PFC response to soluble

antigens is generally very difficult to demonstrate,

‘Numéroué attempts with Vi and PVP resulted in never more
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than 200 PFC per culture and averaged around 50-~75 (data
not shown). My efforts were concentrated on LPS. All
in vitro LPS experiments employed LPS at a concentration
of 20pg per culture. This dose wés usednbecause my
earlier Work showed no discernable difference in PFC res-
ponses using 10-100ug LPS per culture. There was only a
small decrease in the PFC response from Oooi-to lng LpPs
per cuitureu |
The primary in vitro response to LPs; given in Table
8, represents an average response from five experiﬁents
with the Balb/c mice and two experiments with the C3H/HeJ
and Fl mice. The primary responses were all quite low but

similar. Secondary responses'are also low., Because of

. . the difficulty in eliciting in vitro responses to soluble

antigens, my interpfetation of the data is conservative,
Whether or not 20 to 50 PFC's represent a ﬁrimary res-
ponse to LPS is not-certain because this low value may
either refléct a specific anti~LPS response or it may re-
flect low avidity antibody elicited as a polyclonal res-—
ponse by the mitogens present in the fetal calf serum.
That is, assaying the specific response of a cell culture

immunized with LPS by plaquing the cultured cells with
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SRﬁC and with SRBC—LPS, and deriving the specific anti-
LPS response by éubtracting'the_backgrOUnd (anti-SRBC)"
plagues from the number of anti-SRBC-LPS plagques may not
be justified. Tﬁe problem arises tﬁat perhaps the ob-

" served anti-LPS response was a consequence of merely pro-
viding more antibody binding sites (SRBC-LPS) that-
fortuitously bound low avidity antibody generated from
‘the nonspecific polyclonal response. Thus I do ﬁot con-
clude that the C3H/HeJ spleen cells gave primary res-
ponses to LPS.gg vitro. The secondary responses to LPS
are also analyzed -in a conservative manner, fhe Balb/c
and Fq spleen cell cultures may have given a secondary .
in vitro anti-LPS response while the C3H/HeJ cells pro-
bably did not. Again,.I will point out that the‘secdn-
dary responses are derived from animéls.which were‘
primed in vivo and the subsequent cell cultures boosted

- with antigen in vitro.

In Vitro Primary and Secondary Responses by Cell

. Cultures to E. coli Bacterin

I performed two experiments uéing Bo coli 0113
bacterin to immunize in vitro cultures. These experiments

~were done to determine how the C3H/HeJ mice would respond
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when LPS was presented in a particulate form rather than as
a purified antigen. The data in Table 9 indicate that the
Balb/c and C3H/HeJ spleen cells might make low primary res-
- ponses to the bacterin. The magnitude of thelBalb/c and
C3H/HeJ primary response to E. coli bacterin was very
similar to the responses elicited by Vi-positive C. freundii
bacterin (data not shown)o When the mice were primed in
_zizg and their spleen cells immunized in vitro with IZ. coli
bacterin, a very strong secondary response was elicited.
These results estéblish that the C3H/HedJd cells respond very :
well in vitro to a secondary challenge with LPS presented
'on bacterin.

I have established in these in vitro reports that:
1) C3H/HeJ spleen cells respond to give near normal in .
 vitro primary and secondary PFC responses to SREC. Al-
though the responée'is lower than that seen in Balb/c
spleeh cell cultures, this is probably in accordance with
the observations by many invéstigators that various strains
.respond a£ different levels to SRBC in vitro, 2) C3H/HeJ
spleen cells do not appear to make primary in vitro res-

ponses to LPS, and do not appear capable of giving secon-

dary in vitro responses to LPS, 3) the C3H/HeJ strain may
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perhaps make a primary in vitro response to E. coli 0113
bacterin which possesses LPS. Most important;y, the
C3H/HeJ spleen cells respond very well to a secondary in
vitro immunization with E. coli bacterin. These results
can be interpreted to indicate that the C3H/HeJ mouse is
low responder to purified LPS 0113, but is'a'high res-

ponder to LPS presented on E. coli 0113 bacterin,
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 TABLE VII

Primary and Secondary Responses

by Cell Cultures to SRBC

PFC/Culture
Balb/c C3H/HeJd Fi
Dir, Fac. ‘Dir. Fac. Dir. Facsy
1° 4,730 ~—= 437 | —== 827 ——-
Exp.® R° 233 827 50° 250 117 343
’ 2° 1,500 33,960 400 21,960 433 24,960
1° 1,293 — 477 e
Exp.> RO 483 1,083 40 283
t 2° 1,117 100,000 477 41;667
a) Primary responses are primary in vitro responses im=-

munized as per Materials and Methods section. RO
(residual response, see footnote c, Table 1) responses
are from mice immunized in vivo with 0.1 ml of 20% SE
suspension in PBS, i.p. on day 0. The spleens were re-
moved on day 15 and cultured for 5 days without any in
vitro immunization with SE. 2° responses are from mice
immunized in vivo with 0.1 ml 20% SE suspension in PBS,
i.p., day 0. The spleens were removed on day 15 and

. the cells cultured for 5 days with SE for a secondary

in vitro immunization. Assays done after 5 days in
culture. ' ' -
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TABLE VIII

Primary and Secondary Responses of

Cell Cultures to LPS

PFC/Culture
Balb/c ¢3H4HeJ A Fy
a 50 20 | 35
b .
93 10 77
b .
417 : 90 - 310

1° doses of LPS were 20pg/culture, or 10pg/ml.

'R® (see footnote ¢, Table 1) responses are from mice

that were primed in vivo with lyg LPS in 0.1 ml PBS,
i.v., on day 0. The spleens were removed on day 8 and
cultured for 5 days without any LPS. 2°© responses are
from mice primed in vivo with 1lug LPS given in 0,1 ml
PBS, i.V., day 0. The spleens were removed and the
cells cultured for 5 days with LPS at a concentration
of 2qu/culture. All assays were done on day 13,
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TABLE IX

Primary and Secondary Responses of Cell

Cultures to E. coli Bacterin

Exp-

Exp
11

FFC/Culture
Balb/c . - C3H/HedJ

100 90

a,b g° o 390 . 320

- 2° : 9,540 B . 9,740

1° 200 , 77

a,b R® : 717 : 334
20

22,600 5,627

a)

b)

The optimum dose of bacterin was 1 X lO7 cells/
culture, or 5 X 10 cells/ml of culture.

RC (see footnote c, Table 1) responses are from mice -
primed with 1 X_lOg cells of bacterin in 0.1 ml PBS,
i.v., day 0. The spleens were removed and the cells
cultured on day 9 without any bacterin added to the
cultures. 2© responses are from mice which were primed
with 1 X 10° cells of bacterin in 0.1 ml PBS, i.v.,

day 0. The spleens were removed and the cells cultured
on day 9 with a secondary in vitro immunization of 1

X 107 bacterin cells/culture. Assays were done on day
14, '
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Mitogenic Responses by Balb/c, C3H/HeJ, and Fj
Mice Spleen and Thymus Cells to PHA, Con A,

LPS, and E. coli Bacterin

Studies with mitogens were performed using spleep'and
thymus cells from Balb/c, C3H/HeJ, and F; mice. Each ex—
periﬁent used éeils pooled from five animals per cjrodp°
" Two T-cell mitogens, PHA and Con A, were used for com-
paring the C3H/HeJ response to the responsesrbf Balb/c
‘and F1 mice. These mitogens also se;ved as a positive
control on the mitogen assays. My primary concern was to
| compare the mitogenicitylof the 0113 .LPS prepération'with
the mitogenic activity of LPS-positive E. coli Ol13 cells.
One very plausablé explanation fgr the low LPS respohses
by C3H/HeJ mice in vivo and in vitro might be related to
alteraéions of the LPS induced during the phenol extrac;
tion. The bacterin might present the LPS in a form which
allows a mitogenic response and subsequent antibody res-
ponse. Numerous réports indicate t£at a mitogenic res-
xponse is a necessary prerequisite step to antibody‘produc+
tion. Thus,,changeé in the LPS induced during the -
extraction might have resulted in a structure which the

C3H/HeJd B.celis could not recognize. Past reports have
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concluded that the C3H/HeJ strain ié genetically unable to
respond to endotoxin. My in vitro PFC results indicate
that the strain does respond to endotoxin on bacterin.

Janossy and Greaves (27,28) have shown that PHA and
Con A were mitogenic for T cells but not for B cells.
Cortisone resistant T cells showed a greater mitogenic
reéponse than did unselected thymécytes to PHA and Con A
however, Con A could activate a considerable reépoﬁse in
the latter population of cells.,

The main mitogenic effect of LPS has been found to
be exerted exclusively on B cells (3,11,20), and dif-
ferent éxpérimental approaches have revealed that the
lipid A-moiety was responsible for the mitbgeﬁidity of

LPS for B cells (4,11,47).

Mitogenic Response by Balb/c, C3H/HeJ, and F} Thymué

Cells to PHA, Con A, LPS, and E. coli Bacterin

The data in Table 10 show the results of two mitogen

studies on thymus cells from the three mice strains using

'PHA, Con A, LPS, and bacterin. Results at the optimum

mitogen concentrations, as determined by the maximum cpm,
are reported. (The PHA preparation yielded the optimum

stimulation at Sug per ml; it was tested over é range of




51

0.5, 2, 5, 10, and 25ug per ml. The Con A preparation
gave the best stimulation at %pg per RI: it was tested
at 0.5, 1, 2{ 5, and 10ug per ml. The LPS could be used
over a wide range of concentrations from 10 to Squg per
ml with similar results. The‘lng per ml dose was
selected. The bactefin was most mitogenic between 1 X
106 and 5 X 10° cells/ml: 1 X 106.cells/ml was selected,
The bacterin was tested,thfough a range of 1 X 10° to

1 x 10% cells/ml).

"Both experiments on the thymus cells show the‘same
trends. PHA stimulated the cells approximately 10 to 15
times over the background cpm. Con A was very mitogenic
for all the thymus cells yielding about 100 to 500 times
stimulation over béékground leveis° LPS was mildly
-mitogénic for the Balb/c and Fj thymus cells and not
mitogenic for the C3H/HeJ thymus'cells° Since LPS is a
B cell mitogen,-it is suggesﬁed that the observéd stimu-
lation may have resulted from a small p;obortion of B
_cells in the thymus cell preparation from recirculating
.peripheral B lymphocytes through the thymus° The observeaA
 stimulation ﬁight have also been‘due to the inadvertent

‘ ihc;usion,of‘some of the small parathymic lymph nodes in
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the thymus cell preparation. The E. coli bacterin was
approximately as mitogenic for the thymus cells as was
the LPS;: however, the bacterin was also mitogenic for the

'C3H/HeJ thymus cells.

Mitogenic Responses by Balb/c, CBH/HeJ and Fy

Spleen Cells to PHA, Con A, LPS, and E, coli

Bacterin

Mitogenic studiés on the spleen cells from Balb/c,
C3H/HeJ, and Fi mice (Table 11) follow the same dose scheme
which was employed for the ﬁhymus cells. 'The same speé—_
trum of mitogen concentrations ﬁas.run'and the.optimum
responses are shown (PHA, spg/mly Con A, %ng/ml; LPS,
lng/ml; bacterin, 1 X 10° cells/ml). The results in
.stimulation indices (stimulated cpm divided by background
cpm) are not mentioned but rather the actﬁal cﬁunts pef
‘minute because‘the background'levels are ver& high. I
attribute:thé high backgroundlcounts to the fetal calf
serum that was.used,‘which was the same batch of serum
used to support the ig vitro -spleen cell cultures for the
PFC responses,. Coutinho and Moller (17) have reported
that fetal calf serum was mitogenic for both T and B

cells. Many investigators have observed that serum




53

which supports Mishell-Dutton cultures is especially
mitdgenic (24). Shigi and Mishell (58) have proposed
that serum which supports in vitro PFC responses might
actually contain some LPS as a contaminant.

© - Examindtion of Table 1l reveals that in both experi-
ments the following trends hold. PHA and Con A effec-—
~tively stimﬁlated spleen cells from the three mice
strains. LPS definitely stimulated the Balb/c and F)
spleeﬁ cells, Whéther or not-the LPS'was’mitogenic for
the C3H/HeJ spleen cells cannot actually be determined
becausé of the high background levels. This leads to
three possible phenomena: 1) the C3H/HeJ mice did res-
pond to the LPS at a low but obscured level, 2) if the
serum does have an LPS contamination, as suggested by
Miéhell, the response noted as background might actually be
‘the LPS mitogenic response, 3) the C3H/HeJ spleeﬁ cells did
not respond mitogenically to LPS but did respond to some
other unknown serum.mitogen. No conclusioné can be
'reached, but I favor the last éxplanation that CBﬁ/HeJ
.spleeﬁ cells are not.stimulaﬁed by LPS or are stimulated
to a very iow ievel by the LPS p‘reparatidn°

Bacterin was mitogenic for‘the various spleen cells in

both experiments. Clearly, the C3H/Hlecells responded at
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magnitudes similar to the Balb/c spleen cells, It has not
been proved that the C3H/HeJ mitogenic response to the
bacterin was a. response to the.LPS on the bacterin; how-
evef; the LPS moiety is susbected‘because the bacterin is
a T—indepéndent antigen (5;51)m and also because CéH/HeJ
mice do make in vitro PFé responses specifically to LPS
when immunized with the bacterin. As mentioned, much
ev;dence'indicates that a mitogenic response precedes an
antibody response. ‘

The mitogen stﬁdies confirm thét C3H/HeJ‘mice respond
normally to PHA and Con A, and do not respond above back-—
ground levels to LPS. I have shown that Balb/c, C3H/HéJ
and F1 spleen and thymus cells give a mitogenic response
to E. coli 0113'bacterin, and have proposed that.CBH/HeJ
mice do respond in mitogenic assays to LPS that has not

been extracted.
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TABLE X
Mitogenic Response of Balb/c, C3H/HeJ, and Fy
Thymus Cells to PHA,‘Con A, LPS,

and E. coli Bacterin

CEM
Balb/c C3H/HeJ Fy
Background ‘ 1,200 570 ' _;60
PHA 11,000 9,500 8,200
Exp.® Con A 135, 000 100, 000 122,000
LpS 9,800 750 2,600
Bacterin 14,500 5,000 : 5,000
Background 475 390
PHA 4,900 6, 900
Exp.® Con A 220,000 210,000
t LPS 2,000 480
Bacterin 5,500 . 4,300

a) PHA, ng/ml; Con A, 2ug/ml; LPS, 1qu/m1; Bacterin,
1 X 10° cells/ml
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TABLE XI

Mitogenic Response of Balb/c, C3H/HeJ, and Fy

Spleen Cells to PHA, Con A, LPS,

and E. coli Bacterin

Background
PHA

. Exp.® Con A

- LPS

Bacterin

Background
PHA
Exp.® Con A
II -
LPS

Bacterin

Balbgc

60,000
145,000
195, 000
185,000

130,000

53,000
105,060
260,000
190, 000
132,000

CPM

.CBHZHeJ

38,000
160,000
260, 000

34,000

120, 000

36,000
97, 000
350, 000
33,000

112, 000

1
27,000
130,000
210,000
87,000
52,000

a) PHA, 5ug/ml:; Con A, 2ug/ml; LPS, 1lOug/ml; Bacterin,

1 X 10° cells/ml




DISCUSSION

The C3H/HeJ moﬁse strain has been previously re-

" ported to be unique in its_inhe;ent.lack of responsive-
nesé to'ﬁany of the-biolégidal properties of LPS,

Several recent'reports have capitalized upon the inability
of this gtrain toimount mitogenic responées to endotoxin
to probe the mechanisms of B cell activation (11,21,52,
59,71172,73)..,Investigators reported earlier that: 1)
‘the C3H/HeJ strain did not give a mitogenic reéponse to-

endotoxin from E. coli or Salmonella spp. but could res-

pond to other B and T cell mitdgens (16,59,66,72), 2)

LPS did not function in the C3H/HeJ animals as an adju;
vant for other antigens\(59,61), 3) LPS did not inhibit
the induction of tolerance to protein antigens'ih C3H/HeJ
mice (59),,4).ﬁPS induced a very small bdlyclonal respdnse
in C3H/HeJ animals (16,71), 5).€he antibody response was
reported to be.abefrant in that this strain was either a
very léw or non—LPS3respOnder over élﬁide dose range
(59,71)° Lipid A has been shown to be.the‘effector for
‘mitogenic and adjuvant properties of LPS. Therefo;e,
since the C3H/HéJ mice could respond to the O-polysac-
charide of LPS and NPP (73), it appeared that the res-

‘tricted response to. LPS was a failure by this strain to
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react to lipid A.

Further, mitogenic and cell mixing studies have de-
monstrated that the anomaious LPS response cannot be
attributed to suppfession by macrophages or T cells, lack
of,macrophage or T‘cell function, decreases ;n the number:
of B cells, altered proportions of T and B cells, or
diminished binding of LPS to C3H/HeJ epleen cells., LPS

could not be demonstrated to be cytotoxic for the cell

cultures at the concentrations used (21,71).

A genetic analysis of the C3H/HeJ response to LPS has
indicated that the defect is probably a single gene'defeet'
in the B cell which is an autosomal recessive, and not
linked to H-2 expression or heavy Ig chain allotype (72).

The interpretation of all the older experiments using

.LPS and C3H/HeJ mice is that mitogenic, polyclonal, adju-

vant effects, and tolerance inhibition are the result of
an 1nteractlon of lipid A with a receptor on B cells.
Further, the experiments with C3H/HeJ mice indicate that
the induction of cell leiSlon, a mitogenlc response,'ls
a sufficient signal by itself to lead to an antiboay
response,

In this paper, the immune response by C3H/HeJ animals
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has been investigated using in vivo and in vitro techni-
ques to enumerate the number of.éntibody'p;oduCing cells
in primary and secondary responses to'SREC, Vi, Vi- ’
positive bacterin, PVP, LPS, NPP, and E. coli 0113 bacterin. -
The LPS, NPP, and E. coli bacterip was homologous, that is,‘
derived from E. coli 0113, Also mitogenic assays were.
-done with PHA, Con A, LPS, and E, coli 0113 bacterin.
While previous studies have well characterized several
aspects of the C3H/HeJ response to LPS, there is very
little dataabout the in vivo and in vitro antibody res-
ponses, especially éecondary'résponses° | |
‘B?iefly, the in vivo data confirm that C3H/HeJ mice
ares 1) normal prima;y responders to the ﬁhymus-depen;
dent antigen SRBC, and 25 low primary responders to the
thymus-indepeﬁdent antigen LPS. - New information estab-
lished in this report inCludeés 1) that C3H/HeJ mice can
make.normal sécondary IgG responses to SRBC, 2) tﬁat
C3H/HeJ mice are abie to give primaryvresponses to the
tﬁymusfindépehdenf antigens Vi, Vi-positive bacterin, and .
PVP, é) that ¢3H/HeJ_mice do not ﬁake secondary rgéponses
to purified E. coli OL13 LPS, 4) that C3H/HeJ mice make

normal primary respoﬁses to Qe_coli/OIIB bacterin as
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assayed by PFC's produced against SRBC coated with
homologous LPS, 5) the C3H/HeJ straiﬁ‘does not appear to:
.generate a secondéry response to the E. coli bacterin, 6)
that C3H/HeJ animals make a normal primary response to '
NPP, but NPP does nét appear‘to prime these mice fér a
secondary response to LPS. Where tested, F; animals res-
ponded to each antigen in magnitﬁde similar to Balb/c |
animals,

The in vitro data establishes that C3H/HeJ spleen
cells: 1) give near normal primary and secondary res-
ponses to SRBC, 2) do not make primary or secondaryires-
ponses to LPS, 3) might make primary responses to E. coli
0113 bécterin, 4) can make very strong secondary in zéggg
responses to E. coli 0113 bacterin whicﬁ are specific for
the O-polysaccharide antigeﬁic determinants of homologous
0113 LPS.

The mitogenic assays confirm that CBH/HeJ mice res-
pond normally to PHA and Con A, It was shown that E. coli
0113 bactefin was mitogenic for the C3H/Hed spleen cells,
Whether or not the 0113.LPS was mitogenic could not be
'determined-due ﬁo'high backg;ound levels that might. have

obscured any response.




61

While previous studies have well defined the low or
absent LPS response in C3H/HeJ'animals and subséquently
have proposed models for‘B cell activation, an explana-
tion for the low LPS response itself has remained opeﬁ.
The findings presented in this paper comparing the in
vivo and in vitro responses by C3H/HeJ animals to LPS or
E.coli bécterin can be interpreted as indicating that
this particular mouse strain can indeed make anti-LPS
reSponses and that the genetic B cell defect is recog-
.nized when this mouse strain is tested wiﬁﬁ extraétéd
endotoxin.

The C3H/HeJ strain was shown not to produce primary
and secondary antibody responses to LPS either in vivo
or ig vitro. waever, it was démonstrated that the
C3H/HeJ strain does make specific anti-LPS responses to
E. coli bacterin. ig vivo strong primary responses were
‘observed and in vitro strong secondary responses were
demonsﬁrated; The C3H/HeJ may also give'primary in vitro
‘responses but the interpfetation is EOmplicated by the
difficulty of eliciting éuch responses, Primary anti-
LPS responses to the E. coli bacterin can be explained

by the fact that lipid A is not reguired for the primary
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response‘to the O—polysacchafidé‘antigen (68),'§nd by
viewiné the bacterin as presenting a rélétive;y unaltefedj
' form of LPS. ‘(The ;ole of alterations induced in LPS will "
‘bé discussed in the following paragraphs. )

.The inc:éased anti-LPS secondary response to bacterin
observed in vitro is interpreted from the premise that an
expanded pool of cells, resulting from the primary contéct
" with the’antigeﬁ, is capable of being triggered by LPS into
a secondary response by a second signal. In this case,
the sebbnd signal is suspeqted to be lipid A. The lack ofl
a secondary response by mice to oﬁher thymus-independent
antigens such as SSS III (7,25) or PVP has been sﬁggested
by Watson (70) to be the.absence of a second signal as-

sociated with the anfigen° Sincé it is proposed that
/lipid A serves as the second signai for the C3H/HeJ
secondary anti-LPS response to the E. coli bacterin, why is
"the primary and secondary response to purified LPS so low?
Two observations”afe pertinent. Firstly, a recent paper
by Skidmore et al (60) has reported that LPS-induced

. blastogenesis is'debendent upon the method used to gxtract
the LPS, It was demonstrated that LPS extracted by the |

__phenol-water method of McIntire et al (40), or the
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phenol~-chloroform-ether method of Galanos et al (19),

were '"negative" or nonmitogenic in C3H/HeJ cell cultures.
These préparations, however, were mitogenic in other mouse.
strains., LPS extracted by the phenol~-water procedure of
Westphal (75) was weakly mitogenic for C3H/HeJ céll cul-
tures. "Positive".dr'mitogenic LPS for C3H/HeJ cultures
could belprepafed by the butanol method qf'Morrison and
Leive (45), and by the TCA extraction method of Boivin ‘
et al (8). The positive LPS preparations described by
Skidmore et al (60) were shown by several methods to be
LPS-and not an unrelated contaminaﬁt° Further, in posi-
.tive LPS preparations, the mitogenic activity resided in.
fhe lipid A, When both positive and negative LPS pre-
ﬁarations were used together ‘as mitogens it was found
that the neéaéive LPS could block any mitogenic reéponse.
The LPS which was.used in my étudies ﬁas classified by
Skidmore et al (60) as being mildly positive. Secondly,
LPS responses could be demonstrated by immunizing the |
C3H/HeJ mice with E. coli 0113 bacterin and detecting
anti-LPS specific antibody producing cells. It is suggested
that the bacterin presented a relatively unaltered form of

LPS. It might be argued that since the mitogenic data
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' demonét?atés that tﬁe bacterin is'mitogenic, perhaps other
barts of the bacterial cell wali served as the second sig-
nal for é secondéry response to the O-éolysaccharide
antigen. It has been reported that the lipoprotein of the
outer membrane of E, gé;i was a B cell mitogen for C3H/HeJ
spleen cells (4l1). The peptidoglycan from gram negative
bacteria has also beeﬁ found to be a mitogen (10,18)=

Even though'other fractions of the bacterin could have been
responsible for the mitogenic activity of the bacterin,
and hence may have supplied a second signal, the concept
that the LPS componént participated cannot be ruled out,
LPS is proposed as the activeAmoiety in the observed anti-
body response for'the following reasons. Von Eschen (68)
has éhown:that DNP-bacterin can'eiicit a primary‘responsé
toward the DNP, however a éecond chailenge with DNP-‘
bacterin results in ho secondary response toward the DNP,
but rather a definite secondafy response to the O-poly-
saccharide, Furtheriexperiments with NPP and lipid A
.administered simultaneously to a mouse primed witﬁ ﬁPP

did not result in a secondary'NPP response. These results
were interpreted to mean that both the antigenic and seéond

signals had to reside on the same molecule. Therefore a
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secondary LPS response by mice immunized with bacterin
suggesté that the C3H/HeJ cells did recognize the lipid A
portion of the bacterin LPS and not some other moiety. It'
would -appear then, in light of Skidmore's findings and
this present demonstration that C3H/HeJ mice do make anti-
LPS antibody responses to E. coli bacterin, that the low
response to purified LPS by CBH/HeJ mice is a consequence
of alterations induced in the LPS during its extraction,

Coutinho and Gronowicz (15) have recently found that

'C3H/HeJ mice responded equally as well as high LPS res-

pénder mice to a thymus-dependent form of E. coli bacterin
in primary immﬁnizations.

The failure to find secondary in vivo responses by
C3H/HeJ mice to E. coli bacterin is curious. It may be
the case that.ﬁhe bacterin (é-heat-killed preparation of
goiggig cells) does possess a slightly modified endotoxin
that the C3H/HeJ B cells can discriminate, If there is a
modification, it does not appear to be severe enough to
render the C3H/HéJ B cells unable to respond in primary
immuniéatiqnso Hdwever; a second challenge with the
bacterin may evoke a more rapid clearance of the antigen

and hencé a secondary-ahtibody response does not appear.




66

In vitro the antigen persists and a secondary antibody
response can be demonstrated, Some strength for this ex-
planation is found in the original observations by Sultzer
(63) that the C3H/HeJ animals exhibited a larger ratio of
mononuclear to neutrophilic cells in vivo to'i,po inocu-
laﬁidnsrof endotoxin than did other strains of mice.

The ability of C3H/HeJ mice to respond to the ‘thymus-
independent antigéns Vi, Vi-pésitive bacterin, and PVP at
levels similar to the Balb/c or F, animals, suggests that
the route of B cell activation for these antigens is not
depéndent upon any route of LPS acfivation of B cells,
This,‘hoWever, may not be the case. As mentioned previous-
ly, negative LPé coula inactivate C3H/HeJ spleen cells
from respondinq to mitogenically active LPS. Fu;ther,
Glode et al (21) have presented data.which indicates that
LPS which is ndnmitogenic is not necessérily inerﬁ°
C3H/HeJ spleen cells respond to polyinoéinic acid in
mitégénic éssays, but the presence of negative LPS could
suppress the miﬁogenié résponse.to polyinosinic.acid;
There Was an additive mitogenic responsé in hiéh LPS
responder strains to the Ewo mitogens.

Therefore, it is prbposed'that the anomalous C3H/HeJ
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response to endotoxin is the consequence of a genetic de-
fect which limits the response to purified LPS, but does
not limit the response to felatively unaltered LPS, This
is predicated, in concert with the demonstration of wvarious
LPS preparations exhibiting different mitogenic properties,
on the observations tha£ primary and sécondary responses

to LPS cannot be elicited in vivo and in vitro, but primary

and secondary specific anti-LPS responses to E. coli .

1

bacterin can be elicited in vivo and/or in vitro.




SUMMARY

The C3H/ﬁeJ mouse strain ié refractory'to'many'of the
biological properties of LPS. Other invéétigators have
examined the immune response of this strain and have found
- that various LPS-induced phenomena could not be demon-:
strated in this animal system., LPS was reported for
C3H/HeJ animals not to be: 1) a mitogen, 2) an adjuvant,
3) an inhibitor of tolerance induction, 4) an inducer of a
ﬁolyclonal response, and 5) é'good immunogen. A genetic
aﬁalysis of this mouse strain chciuded tﬁat the low LPS .
response was probéblf due to a single gene defect expressea
on the B cells. The defect was an autosomal recessive
‘trait and not linked to H-2 ﬁype or heavy Ig chain allo-
type. Cellular studies have shown that:‘ 1) suppression
by T cells or macrophage, 2) lack of T cell or macrophage'
‘function, 3) altered proportions of T or B cells, 4)
diminished binding-of'LPS to the B cells, or 5) LPS cyto-
toxicity for the cell cultures we;e'not’fagtors responsible
'for‘thé anémaloué:LPS response. |

"Among the séveréi-theofies'for B cell acﬁivation,,ﬁhe
older C3H/HeJ reports éupport thdse hypotheses stating
that a mitogenic event is sufficient by itself to initiate

'B cell maturation to antibody producing cells.
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Because there was a paucity of data on the antibody
response of this mouse strain and no explanation for the

low response itself, this report examines the in vivo and

in vitro antibody responses by the C3H/HeJ'house to SRBEC,

Vi, Vi-positive Citrobacter freundii bacterin, PVP, LPS,
NPP, and E. coli 0113 bacterin. Mitogenié studies wefe
done with PHA, Con A, LPS, and E. coli bacterin.

It was found that this strain could make primary and.
secondéry responses, both in vivo and in vitro to the
thymus-dependent antigen SRBc; Primary and secondary
fesponses to the thymus-independent antigen purifiéd LPS
could not be demonstrated either in vivo or in z;ggg.' In
vivo this strain gave normal anti-LPS specific PFC's
when immunized with E. coli bacterin. No secondary ;Q
gizé response to the bacterin could be demonstrated and it
was proposed that rapid clearance of the antigen did not
allow the secondary response to be detected. 1In vitro,
the CBH/HeJ-séleen cells may have yielded a primary anti-
LPS response to E. coli bacterin. A very strong anti-LPS
secondary response to the bacterin could be elicited in

vitro.




70

These results showing responses by C3H/HeJ mice to
LPS when immunized with homologous E. coli bacterin either
in vivo and/or in vitro, in concert with the recent find-
ings that the method of LPS extraction determines the
mitogenicity df the LPS preparation for C3H/HeJ cells,
strongly indicates that the low LPS response is a conse-

quence of alterations induced into the LPS during its ex-

‘traction. The CBH/HeJ genetic defect does not appear to

be expressed as a general lack of respohsiveness to

- endotoxin, but rather the defect limits the response to

prepared LPS and‘does not limit the response‘to endotoxin

presented in its native form on bacterin.
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Table I

Balb

Balb

Dir:

Fac:

Dirs-:

Facs

Dir:

Dirs

Facs

Dir:

Fac:

Dir:

Fac:

Dir:

Facs

APPENDIX TO RESULTS

' 44,375; 100,000; 60,000; 50,000;

X = 63,594 _

45,625; 61,250; 44,375; 79,375;
X = 57,656 | |
121,875; 68,125; 103,750; 59,375;
x = 88,281

116,250; 66,250; 115,625; 36,875;

X = 83,750

67,500; 59,700; X = 63,600

3,450; 300: .1,300; 3,350; x = 2,100

.17,125; 14,250; 5,125; 750; x = 9,313

1,400; 350; 1,050; 500; x = 825

13,000; 1,700; 25,500; 6,250; X = 11,613
113,750; 56,875; 127,500; 38,750;

X = 84,219

1,375,000; 1,500,000; 1,966,250;
893,750; X = 1,418,750

41,250; 49,375; 25,000; 15,000;

X = 32,656

725,000; 731,000; 1,143,750; 981,250;

X = 895,313
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Table II
| Balb, 10° cells: 53,000; 56,500; 65,000: % = 58,163
c3H, 107 cellss 16,500: 14,250; 18,000 X = 16,250
Balb, ljyg Vi : 22,000; 26,000; 32,700; x = 26,900
CyH, 1lug Vi' ¢ 5,000; 3,500; 8,750; X = 5,750
Balb, -100pg Vi : 2,500; 1,250; X = 1,875
CgH, 10ng Vi : 0; 1007 X = 50
Table III
Balb, ,zqgg PVP: 11,500; 12,900; 11,925; 13,275;
13,775; X = 12,675
C;H, .25ig PVP: 13,500; 12,660; X = 13,080
Fj, «25)g PVP: 12,780; 11,280; X = 12,030
Table IV
| Exp. I
Balb, 1° LPS: 4,800; 2,§oo, 2,750; 4,375; 3,875;
X = 3,740 |
c;H, 1° LPS: 925; 300; 25; 425; 475; X = 430
Balb, R°® LPS: 0; 50; 200; X = 83
C,H, R° LPS: 200; 0; 100; X = 100
Balb, 2° LPS: 34,500; 16,500; 14,375; 24,500; 22,500;
X = 22,475 |




Table IV (continued)

C3H,

20

EXp.

LPS:

II

Balb, 1° LPS:

C3H,
Fyo
Balb,

csﬁ,

Table v

Balb,

lo

o

(o}

N o o . T
o) 0 o]

N
o)

LPS:
LPS:
LPS:
LPS:
LPS:
LPSs -
LPS:

LPS:

0113:

0113:

0113:

01l13:

01133

0113:

74
0; 300;.100; 1,050

5,000; 7,325; X =
650; 425; x = 538
5,188; 7,750 x =
1,150 '

325

1,050

17,200; 25,000; x
2,175; 950; x = 1,

9,700; 24,375; x

. 0: X = 290

6,163

6,470

= 21,100
562

17,038

44,700; 35,325; X = 40,013 (4 mice,

2 pools)

14,575; '19,375; 3
X = 25,675

1,475

1,325 | |
306,250; 315,625;

26,575: 23,750; X

3,750; 35,000;

% = 310,938

= 25,163
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Table V (Continued).
Balb, 1° 0113: 20,500 (2 mice, one pool)
c,H, 1° 0113: 33,500 (2 mice, one pool)
Balb, R°® 0113: 1,300 (2 mice,‘one pool)
C3H, R~ O0ll3: ‘1,340 (2 mice,.one pooi)
Balb, 2° 0113: 235,000; 316,260; X = 275,630

(4 mice, 2 pools)

cgi, 2% 0113: 49,000; 67,500; x = 58,250
. (4 mice, 2 pools)
Table VI
Balb, NPP 1°: 1,260; 1,560; x = 1,410
C_H, . NPP 1°: 1,110; 1,290:;.x = 1,200
. Balb, LPS 1°: 7,200; 6,000; X = 6,600
caH, LpS 1°:; 330; 450; x = 390
Balb, wpp 2°: 2,625; 3,563; X.= 3,094
cyH, NPP 2°: 1,213; 1,100; X = 1,157

Balb, Lps 2°: 108,438; 123,750; X = 116,094

CgH, LPS 29: 875; 650; x = 763

Balb, Npp 1°/1ps 2°: 86,875; 51,250:; X = 69,063

C,H

sH, . NPP 1°/1ps 2°: 550; 500: X = 525
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