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Abstract

Antibody-mediated blockade of the adhesion molecule very late antigen-4 (VLA-4) has been

shown to ameliorate disease in human multiple sclerosis (MS) patients and experimental

autoimmune encephalomyelitis (EAE) animal models. We wanted to determine whether anti-

VLA-4 antibody treatment affected the function and persistence of autoreactive T cells in mice

with EAE. Unexpectedly, we observed a high level of mortality in anti-VLA-4 mAb (PS/2) treated

mice with actively induced EAE despite decreased disease severity. Investigation of the

underlying mechanism showed that injection of PS/2 mAb in combination with pertussis toxin

(PTX) resulted in anaphylaxis and mortality. Furthermore, the data showed that CD4+ T cells were

required for this effect and suggested a role for IL-1β and TNF-α in the underlying pathology. The

results reveal a previously not appreciated deleterious effect of anti-VLA-4 antibody treatment in

combination with exposure to PTX.
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Introduction

Multiple sclerosis (MS) is a demyelinating autoimmune disease which predominantly affects

young adult females (1,2). It is commonly believed that myelin-reactive CD4+ T cells play

an important role in the disease process by infiltrating the central nervous system (CNS) and

triggering inflammation and demyelination via the release of proinflammatory cytokines

(3,4). EAE is a widely accepted animal disease model of MS (5). EAE can be induced by

active immunization with myelin antigens or by adoptive transfer of myelin-specific T cells

(3,6,7). Active induction of EAE usually requires co-injection of Pertussis toxin (PTX) to

facilitate and enhance the disease.
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Blockade of leukocyte trafficking into the CNS by targeting of specific adhesion molecules

has been viewed as a viable strategy to prevent disease relapses and slow the progression of

MS (8,9). In particularly, VLA-4, an integrin heterodimer composed of an α4 (CD49d)

subunit paired with a β1 (CD29) chain has been shown to be critical for leukocyte migration

into the CNS (10,11). VLA-4 expression increases after T-cell activation and it interacts

with vascular cell adhesion molecule 1 (VCAM-1) on activated endothelium. VLA-4 is

important for recruiting activated effector T cells into target sites, especially across the

blood brain barrier (BBB) (12,13). Blockade of VLA-4 by monoclonal antibodies has been

shown to ameliorate clinical disease in MS patients and in EAE models (14–17). It is known

that autoreactive T cells still persist in the periphery of anti-VLA-4 mAb treated individuals,

but it has remained unresolved for how long and whether their function is altered (18,19). To

begin to address these issues we used the EAE model in C57BL/6 and SJL mice and treated

the animals with anti-VLA-4 mAb.

Unexpectedly, we observed that anti-VLA-4 mAb treatment resulted in high mortality, as

compared with control animals, despite overall decreased EAE severity. The results showed

that injection of PTX in combination with the PS/2 mAb was required to induce anaphylaxis

and mortality. Additionally, CD4+ T cells were required for PS/2 plus PTX induced

morbidity and mortality, as both SCID and CD4+ T cell-deficient MHC class II knockout

mice were protected.

Materials and Methods

Mice

Female C57BL/6 and SJL/J mice (6 – 8 weeks of age) were purchased from The Jackson

Laboratory (Bar Harbor, ME). Mice were maintained under specific pathogen-free

conditions and all animal procedures were conducted according to the guidelines of the

Institutional Animal Care and Use Committee (IACUC) of the University of Texas at San

Antonio.

EAE induction

Active EAE was induced in female C57BL/6 and SJL/J mice by subcutaneous (s.c.)

injection of 200 µg MOG35–55 peptide (United Biochemical Research) or 100 µg PLP139–151

peptide (Princeton BioMolecules Corporation), respectively, in 50 µl of CFA. Mice also

received intraperitoneal (i.p.) injections of 200 ng PTX on day 0 and day 1. For induction of

EAE by adoptive transfer, female SJL/J mice were immunized s.c. with 100 µg of

PLP139–151 in CFA. Splenocytes and draining lymph nodes (DLN) were collected from

donor mice 9 days later and restimulated with 30 µg/ml of PLP139–151 peptide in complete

DMEM containing 20 ng/ml of mouse recombinant IL-23 (eBioscience) for 4 days at 37°C.

Recipient mice received 1.2 × 107 restimulated donor cells by i.p. injection.

EAE evaluation: Mice were monitored and graded daily for clinical signs of EAE using the

following scoring system (20): 0, no abnormality; 1, limp tail; 2, moderate and hind limb

weakness; 3, complete hind limb paralysis; 4, quadriplegia or premoribund state; 5, death.
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Generation of monoclonal antibodies

PS/2 mAb was generated as previously described (21). In brief, hybridoma cell lines (anti-

VLA-/4 integrin α4 antibody, clone PS/2; rat IgG2b isotype control antibody, clone SFR3-

DR5; both from ATCC®) were cultured in serum-free medium (Ultraculture, Hyclone,

Fisher Scientific) and the supernatant was filtered through a 0.22 µm filter and adjusted to

pH 7.5 before passing through a protein G column (Upstate Fastflow, Millipore).

Concentrated mAb was eluted at pH 2.5, and dialyzed in PBS to remove NaN3 and

excessive ions. Purified mAbs were aliquoted and stored at −80°C. Endotoxin content of the

mAb was determined by using a Limulus Amebocyte Lysate (LAL) assay kit (QCL-100,

Cambrex) and found to be generally less than 0.0025 ng endotoxin per µg of protein.

Pertussis toxin and antibody treatment

Groups of immunized or naive mice were injected i.p. with 200 ng of PTX or PTX B-

oligomer on days 0 and 1 as indicated. PS/2 (anti-VLA-4) mAb, or isotype control antibody,

was injected i.p. one to three times per week as indicated, starting on day 4 or day 7 after the

first PTX injection.

Serum cytokine ELISA

Blood was collected from the animals and centrifuged at 1,500 rpm for 20 min. Serum or

tissue culture supernatants were stored at −80°C and analyzed as indicated. Mouse ELISA

Ready-Set-Go kits (eBioscience) for TNF-α, IL-1 β and IL-6 were used to detect cytokine

levels in serum or supernatants following the manufacturer's instructions. After

development, plates were read at OD 450 nm to acquire data (Multi-Detection Microplate

Reader, Synery HT, Bio-TEK).

Adoptive transfer of splenic CD4+ T cells

Spleens from Wt C57BL/6 mice were harvested and single-cell suspensions generated.

Splenic CD4+ T cells were negatively selected using CD4+ T cell isolation kits and an

AutoMacs separator system (Miltenyi Biotec) following the manufacturer’s instructions.

Purified CD4+ T cells were injected i.p. into TNFα−/− recipient mice at 3–5 × 106 cells per

mouse. After 48 h, recipient mice were treated with PTX followed by PS/2 mAb injections

as indicated.

Results

Anti-VLA-4 mAb treatment results in anaphylaxis and high mortality in mice with actively
induced EAE

Conceivably, pathogenic T lymphocytes in anti-VLA-4 mAb treated individuals could

persist for extended periods of time in the immune periphery and mediate relapses upon

reactivation. To begin to investigate this possibility, we induced active or passive EAE in

C57BL/6 or SJL/J mice and treated the animals with anti-VLA-4 antibody (PS/2).

As shown in Fig. 1a, treatment of C57BL/6 mice with MOG35–55-induced EAE with PS/2

mAb ameliorated EAE symptoms, as compared with the untreated control group, consistent

with previous reports (17). Similarly, EAE was ameliorated in SJL mice with PLP139-15-
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induced EAE following treatment with PS/2 mAb (data not shown). Unexpectedly, a high

rate of mortality was consistently observed in PS/2 mAb-injected mice, as compared with

control mice, despite exhibiting overall lower EAE scores (Fig. 1b). Death of the animals

started to occur after the second injection of PS/2 mAb and reached 80% by the third

injection. Importantly, death of the animals usually occurred within one to two hours after

the last PS/2 injection, and the mice exhibited an anaphylactic-type picture characterized by

a significant drop in body temperature (>5°C) and respiratory distress. Histopathological

evaluation did not show significant changes, which may have been due to the short interval

between the last injection and the death of the animals (not shown).

To investigate further the mechanism underlying the deaths in PS/2 mAb injected mice, we

tested the antibody preparation for endotoxin by LAL assay. The results showed that the

PS/2 antibody generally contained less than 0.003 ng of endotoxin per µg of antibody

(approximately 0.005 EU endotoxin; data not shown). This concentration of endotoxin is

approximately 20,000-fold lower than the typical LD50 of endotoxin for mice. Thus, the

results strongly argued against endotoxin-mediated adverse effects produced by the PS/2

antibody preparation.

To further test the PS/2 antibody for toxicity we injected naïve C57BL/6 mice with varying

doses of the PS/2 mAb as high as 1 mg per mouse once, or 200 µg daily for 10 days (data

not shown). However, animals injected in such a way did not show any signs of morbidity or

mortality, further arguing against toxicity of the antibody preparation.

Importantly, mortality observed upon PS/2 mAb injection was only observed in mice with

actively induced EAE (immunized with neuroantigen in CFA and injected with PTX), but

not in mice with passively induced disease produced via adoptive transfer of myelin-reactive

T cells (Fig. 1, c & d, open circles).

Taken together, our results showed an unexpected high rate of anaphylactic-type mortality in

mice with actively induced EAE upon treatment with PS/2 mAb. Furthermore, our data

showed that the observed mortality was not due to endotoxin contamination or direct

toxicity of the PS/2 antibody preparation.

PTX precipitates mortality in PS/2 mAb treated mice

Conceivably, mortality observed in PS/2 mAb treated mice with actively induced EAE could

be due to pathology induced by encephalitogenic T cells. To address this issue, C57BL/6

mice were immunized with the foreign antigen ovalbumin (OVA) with or without co-

injection of PTX, and then treated with PS/2 mAb starting on day 7 after immunization.

The results show that mice injected with PS/2 mAb alone did not show anaphylactic

symptoms or mortality (Fig. 2a, filled circles). In strong contrast, mice immunized with

OVA/CFA and PTX followed by PS/2 mAb treatment exhibited anaphylaxis and mortality

comparable to mice injected with myelin antigens (Fig. 2a, open triangles versus Fig. 1b,

open circles). Importantly, mortality of the animals was dramatically reduced in the absence

of PTX co-injection (Fig. 2a, open circles).
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To directly test the requirement of PTX for mortality in this model, we injected naive

C57BL/6 mice with PTX followed by injection with PS/2 or isotype matched control mAb.

Importantly, the results show that injection of PS/2 mAb in combination with PTX induced a

high rate of anaphylaxis and mortality (Fig. 2b, open circles), similar to that observed in

mice with EAE treated with the mAb. In strong contrast, mice injected with isotype control

antibody and PTX, or mice injected with PS/2 mAb alone, did not show morbidity or

mortality (Fig. 2b, filled symbols). Taken together, the results show that injection of PS/2

mAb in combination with PTX precipitated anaphylactic-type reactions and mortality.

Mortality in PS/2 treated mice requires the enzymatically active PTX

PTX is composed of a non-covalently linked enzymatically active PTX-A monomer and a

PTX-B oligomer (22). The PTX-A subunit catalyzes ADP-ribosylation of G-proteins and

inhibits G protein-mediated signaling in mammalian cells. The PTX-B oligomer binds to

cell surface receptors and delivers the PTX-A monomer into cells (23,24). To investigate

whether the G protein inhibitory activity of the PTX-A subunit played a role in the mortality

observed in this model, we injected naïve C57BL/6 mice with purified PTX-B oligomer,

followed 4 days later by injection with the PS/2 mAb. As controls, C57BL/6 mice were

injected with PTX and PS/2 mAb, or with PS/2 mAb alone. As shown earlier, mice injected

with PTX and PS/2 mAb began to succumb after several injections (Fig. 3a, open circles). In

contrast, no animals died in the PS/2 mAb injected control group (Fig. 3a, filled circles). Of

note, mice injected with the PTX-B oligomer and PS/2 mAb showed complete survival

without any clinical symptoms (Fig. 3a, filled triangles). Furthermore, animals injected with

PS/2 mAb plus heat-inactivated PTX holotoxin also did not show morbidity or mortality

(data now shown).

Together, the data suggested that the G protein inhibitory activity of the PTX-A protomer

was required for morbidity and mortality in PS/2 mAb injected animals.

Since PTX has been reported to mediate its proinflammatory effects via TLR4 (25,25), we

tested whether mortality mediated by the toxin in combination with PS/2 mAb could be

mimicked by endotoxin, which signals via TLR4. Naive C57BL/6 mice were injected with

PTX or different doses of lipopolysaccharide (LPS) (1 ng to 100 ng), followed by bi-weekly

injections of PS/2 mAb.

The results showed that injection of PS/2 mAb in combination with PTX resulted in high

mortality of the animals, confirming our earlier data (Fig. 3b, open circles). In strong

contrast, injection of mice with PS/2 mAb in combination with LPS failed to cause

morbidity or mortality (Fig. 3b, open triangles, open and filled squares). Similarly, injection

of PS/2 mAb, PTX, or LPS alone did not cause mortality (data not shown).

Therefore, the data argue against a role of TLR4 in the PTX-mediated mortality in PS/2

injected mice.

Mortality in PS/2 mAb plus PTX treated mice requires CD4+ T cells

PS/2 mAb binds VLA-4 on lymphocytes, monocytes and neural crest-derived cells (11,26).

Therefore, we asked which cell type was required for the mortality observed in mice injected
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with PTX plus PS/2 mAb. To address this question, PS/2 mAb and PTX were injected into

C57BL/6 Wt, C57BL/6 SCID (lacking T and B cells), and C57BL/6 MHC class II knockout

(KO; lacking CD4+ T cells) mice as described earlier. The mice were observed for up to 30

days for morbidity and mortality. As control, each strain of mice was injected with PS/2

mAb or PTX alone, respectively.

As expected, C57BL/6 Wt mice injected with both PTX and PS/2 mAb showed a high rate

of mortality (Fig. 4a, open circles). In contrast, no animals died when injected with PS/2

mAb or PTX alone (Fig. 4a, filled circles and triangles). Importantly, no deaths were

observed in SCID mice or MHC class II KO mice injected with both PTX and PS/2 mAb

(Fig. 4a, open triangles and filled squares). The absence of mortality induced by PS/2 in

combination with PTX in SCID and MHC class II KO mice showed that CD4+ T cells, but

not CD8+ T cells or innate immune cells were required for pathology in this model.

IL-1β and TNF-α have been shown to contribute to anaphylactic reactions, for example in

LPS-mediated toxic shock (27–29). Similarly, IL-6 can be induced by LPS and modulate

acute phase responses (30). Therefore, we determined serum levels of IL-1β, TNF-α and

IL-6 in this model. C57BL/6 Wt, SCID, and MHC class II KO mice were injected with both

PTX and PS2 mAb, PS/2 mAb alone, or PTX alone as outlined earlier. Serum was obtained

from mice that exhibited clinical signs of anaphylaxis, or from representative control

animals, and analyzed by cytokine ELISA assays as outlined in Materials and Methods.

As shown in Fig. 4, b & c, serum levels of IL-1β and TNF-α were significantly increased in

Wt mice injected with both PS/2 mAb and PTX, as compared to Wt control animals. In

contrast, serum levels of IL-1β and TNF-α were significantly decreased in MHC class II KO

and SCID mice treated with PTX and PS/2 mAb as compared to treated Wt mice (Fig. 4, b

& c). Finally, IL-6 serum levels were significantly increased in Wt mice treated with both

PTX and PS/2 mAb, compared with control animals injected with PS/2 mAb or PTX alone

(Fig. 4d). However, no significant differences in the levels of IL-6 were noted between Wt

and SCID or MHC II KO mice treated with both PTX and PS/2 mAb (Fig. 4d). Thus, the

results suggested that IL-1β, TNF-α, and IL-6 may have contributed to morbidity and

mortality in this model.

To further investigate the role of these cytokines we tested whether combined PTX and PS/2

mAb treatment induced mortality in TNF-α knockout (TNFα−/−) mice.

As expected, Wt mice injected with PTX and PS/2 mAb exhibited a high rate of mortality

starting with the third injection of PS/2 mAb (Fig. 5a, closed symbols). In strong contrast,

all TNFα−/− mice survived over the full observation period (Fig. 5a, open symbols).

Reconstitution of TNFα−/− mice with Wt CD4+ T cells did not restore mortality observed in

Wt mice (Fig. 5b). Thus, the results showed that TNF-α was important for mortality in this

model. Furthermore, the results suggested that in addition to CD4+ T cell-derived TNF-α,

production of this cytokine by other cells, for example innate immune cells, contributed to

mortality.
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Discussion

The results of this study show that co-injection of anti-VLA-4 mAb PS/2 with PTX resulted

in anaphylactic-type mortality in mice, and that CD4+ T cells were a critical component for

pathology. The results suggest that anti-VLA-4 blockade may amplify the immune

activating properties of PTX, and that this may result in detrimental side effects of this

treatment.

PTX typically is used in models of actively induced EAE in rodents to facilitate the

induction of disease. The underlying mechanism was originally thought to be due to the

toxin opening up the blood-brain-barrier to inflammatory leukocytes (31,32). In addition,

recently it was shown that the toxin has a remarkable propensity to activate APCs and

promote the induction of Th1 and Th2 immune responses (20,33–36).

Our observation of high mortality in Wt mice treated with PS/2 mAb in combination with

PTX suggests a CD4+ T cell-mediated mechanism by which anti-VLA-4 blockade in

combination with a microbial toxin-induced proinflammatory stimulus can lead to

pathology.

The critical role for CD4+ T cells in this model raises the question as to whether PS/2 and

PTX combine to directly affect T cells, or whether this effect is mediated indirectly, for

example via APCs. The literature supporting direct effects of PTX on T cells is inconclusive

(37–39). Alternatively, PTX may mediate its effects in PS/2 mAb injected mice by acting on

innate immune cells or non-immune cells (e.g. vascular endothelial cells) resulting in the

subsequent activation of CD4+ T cells and death of the animals. This view is consistent with

studies showing a direct effect of PTX on APCs leading to the upregulation of costimulatory

molecules and enhanced cytokine production (35,36,40).

Irrespective, our data show that the mechanism by which PTX exerts its effects in this model

is dependent on the presence of the enzymatically active PTX-A subunit. Injection of mice

with both PS/2 mAb and PTX-B or with heat-inactivated PTX did not cause mortality in

mice. In turn, this suggested that the G-protein inhibitory activity of the PTX-A subunit was

required. Along these lines, PTX-mediated G-protein inhibition is well known to affect

intracellular signaling, for example via modulation of protein kinase C and phospholipase C

activity (41,42).

Of note, injection of PTX alone did not induce morbidity or mortality in the absence of PS/2

mAb treatment, suggesting that the two molecules must function in concert to induce

pathology. VLA-4 has been reported to signal in T cells, and signaling through this molecule

on T cells has been shown to antagonize apoptosis (43). Enhanced activation status of

peripheral blood T cells has been reported in MS patients treated with natalizumab (44,45).

Thus, it is conceivable that the combination of PS/2 mAb with PTX further enhanced T cell

activation and production of proinflammatory cytokines, ultimately leading to pathology.

In support of this view, we observed that serum levels of IL-1β and TNF-α were

significantly enhanced in PS/2 mAb and PTX injected Wt mice. Both of these cytokines

have been shown to play a critical role in endotoxin-mediated lethal shock, and the clinical
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picture observed in our studies is consistent with this interpretation. The lack of mortality in

TNF-α knockout mice upon treatment with PS/2 mAb and PTX further supported a role for

this cytokine. However, since reconstitution of Wt CD4+ T cells into TNF-α knockout mice

was not sufficient to induce mortality, it is likely that TNF-α produced by other cells, for

example innate immune cells, played a role.

Along these lines, IL-6 was enhanced in Wt mice injected with PTX and PS/2 mAb, but also

in SCID and MHC Class II KO mice, which are both deficient in CD4+ T cells. IL-6 is a

proinflammatory cytokine with diverse biological activities which can be induced in many

cell types, including peripheral blood monocytes, by stimuli such as endotoxin and IL-1β

(30). Conceivably, IL-6 could have synergized with TNF-α and IL-1β to induce mortality

(46). The lack of mortality in TNF-α knockout mice is in agreement with this view.

However, the role of IL-6 in toxic shock is still not fully resolved, and a protective role for

this cytokine has been reported (47).

Of note, pathology in this model was not dependent on the activation of autoreactive T cells,

since mortality was similarly observed after co-injection of PS/2 mAb and PTX in naive

mice, or in OVA immunized animals. Anti-VLA-4 mAb blockade is used for the treatment

of MS, and it is therefore justified to ask whether our results may have ramifications for the

treatment of MS patients. Studies in animal models have limitations as to their extrapolation

to human disease conditions. Thus, it must be cautioned that we have not tested whether

human T cells are similarly activated by anti-VLA-4 mAb and PTX. Furthermore, the PS/2

mAb used in our studies is not identical to the antibody in human patients used to block anti-

VLA-4 (natalizumab). Finally, the function of VLA-4 in mouse and human T cells, as well

as the effect of PTX in humans might be different. To our knowledge, anaphylactic reactions

after natalizumab treatment in humans have not been reported. Concerns upon natalizumab

treatment have so far centered on progressive multifocal leukoencephalopathy (PML) and

the reactivation of JC virus, conceivably due to lack of immunosurveillance in the CNS

(19,48). Nevertheless, our results point out that certain microbial protein in combination

with anti-VLA-4 mAb treatment could potentially result in previously unrecognized

detrimental side effects. As a consequence, it may not advisable to treat patients undergoing

secondary infections with natalizumab.

Abbreviations

EAE experimental autoimmune encephalomyelitis

VLA-4 very late antigen-4

PTX Pertussis toxin

BBB blood-brain-barrier
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Figure 1. High mortality of mice with actively induced EAE treated with anti-VLA-4 mAb
Active or passive EAE was induced in groups of female C57BL/6 or SJL/J mice with

MOG35–55 or PLP139–151 peptide, respectively, as described in Materials and Methods.

Mice were monitored and scored daily for clinical disease and survival was recorded in (a &

b) C57BL/6 mice with actively induced EAE and (c & d) SJL/J mice with passive EAE

induced by adoptive transfer. a & b, Mice were injected i.p. with PTX on day 0 and 1 with

200 ng PTX, and with 200 µg of PS/2 mAb starting on day 7 after immunization, once a

week (●, untreated control; ○, PS/2; n = 10 each group). c & d, Adoptive transfer recipients

were injected i.p. with 200 µg PS/2 mAb on day −1 before transfer, and with 100 µg of PS/2

daily thereafter (●, untreated control; ○, PS/2; n = 5 each group). ▲ indicates PS/2 mAb

injection. a & c, shown are daily EAE scores (mean ± SEM). Data are representative of 4 –

6 independent experiments.
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Figure 2. PTX but not autoreactive T cells are critically required for mortality in PS/2-injected
mice
a, Groups of female C57BL/6 mice were immunized with OVA/CFA and injected i.p. with

(△) or without (○) PTX on days 0 and 1 as described in Materials and Methods. Mice in

each group were injected i.p. with 200 µg PS/2 mAb twice per week, starting on day 7 after

immunization (●, PS/2; n = 8 each group). Shown are pooled data from 2 independent

experiments. b, Groups of naïve female C57BL/6 mice were injected i.p. with PTX on day 0

and 1 as described in Materials and Methods. Mice were injected i.p. with 200 µg PS/2 mAb

or isotype control rat IgG2b mAb twice per week, starting on day 4 after PTX injection (●,

PS/2, n = 10; ○, PTX + PS/2, n = 13; ▼, PTX + isotype mAb, n = 14). Shown are pooled

data from 3 independent experiments. ▲ indicates PS/2 mAb injection.
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Figure 3. Enzymatically active PTX holotoxin is required for induction of mortality in PS/2 mAb
injected mice
a, Groups of female C57BL/6 mice were injected i.p. with PTX or PTX-B oligomer (PTX-

B) and 4 days later with PS/2 mAb as indicated (●, PS/2, n = 8; ○, PTX + PS/2, n = 8; ▼,

PTX-B + PS/2 group, n = 9). Shown are pooled data from 2 independent experiments. b,

Groups of female C57BL/6 mice were injected with PTX (○ and ▼) or LPS as indicated (△

100 ng LPS, ■ 10 ng LPS and □ 1 ng LPS). Mice received i.p. injections twice weekly with

200 µg of PS/2 mAb (except ▼, PTX only group), beginning on day 7 after PTX or LPS

injection (●, PS/2; n = 10 each group). Shown are pooled data from 2 independent

experiments. ▲ indicates PS/2 mAb injection.
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Figure 4. CD4+ T cells are required for induction of mortality in mice injected with PS/2 in
combination with PTX
a, Groups of female C57BL/6 Wt, SCID and MHC II KO mice were injected i.p. with PTX

and 200 µg PS/2 mAb as indicated (●, Wt/PTX, n= 8; ○, Wt/PTX + PS/2, n = 22; ▼,

Wt/PS/2, n = 10; △, SCID/PTX + PS/2, n = 13; ■, MHC II KO/PTX + PS/2, n = 21). Shown

are pooled data from 3 independent experiments. ▲ indicates PS/2 mAb injection. Cytokine

ELISAs were performed to determine the concentration of IL-1β (b), TNF-α (c), or IL-6 (d)

in serum from the different groups. (Mean ± SEM, ANOVA. Wt/PTX, n = 6; Wt/PTX +

PS/2, n = 14; Wt/PS/2, n = 9; SCID/PTX + PS/2, n = 8; MHC II KO/PTX + PS/2, n = 7).

Shown are pooled data from 2 independent experiments.
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Figure 5. TNF-α promotes induction of mortality in PTX and PS/2 mAb injected mice
a, Groups of Wt C57BL/6 or TNFα−/− mice were injected i.p. with PTX and 4 days later

with continued PS/2 mAb injections as indicated (●, Wt, n = 15; ○, TNFα−/−, n = 17).

Shown are pooled data from 3 independent experiments. b, Wt C57BL/6, TNFα−/− or

TNFα−/− recipient mice which received Wt CD4+ T cells were injected i.p. with PTX and 4

days later with PS/2 mAb injections as indicated (●, TNFα−/−, n = 12; ○, Wt, n = 10; (Wt

CD4+ T cells) TNFα−/−, n = 10). Shown are pooled data from 2 independent experiments.

▲ indicates PS/2 mAb injection.
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