
 

2496

 

Caver et al.

 

The Journal of Clinical Investigation

Volume 98, Number 11, December, 1996, 2496–2506

 

Intracellular Demonstration of Active TGF

 

b

 

1 in B Cells and Plasma Cells of 
Autoimmune Mice

 

IgG-Bound TGF

 

b

 

1 Suppresses Neutrophil Function and Host Defense against

 

Staphylococcus aureus

 

 Infection

 

Tony E. Caver,*

 

‡§

 

 Frank X. O’Sullivan,*

 

i

 

 Leslie I. Gold,

 

¶

 

 and Hattie D. Gresham*

 

‡§

 

*

 

Research Service, Harry S. Truman VA Medical Center, Columbia, Missouri 65201; 

 

‡

 

Department of Pharmacology, 

 

§

 

Department of 
Molecular Microbiology and Immunology, and 

 

i

 

Department of Medicine, University of Missouri-Columbia, Columbia, Missouri 65212; 
and 

 

¶

 

Department of Pathology, New York University Medical Center, New York 10016

 

Abstract

 

Infection remains a leading cause of morbidity and mortal-

ity in patients with SLE. To investigate this, previously we

assessed the host defense status of autoimmune MRL/lpr

mice and found that elaboration of active TGF

 

b

 

 suppressed

neutrophil function and decreased survival in response to

 

Staphylococcus aureus

 

 infection. The purpose of the present

work was to elucidate the molecular form and the cellular

source of the active TGF

 

b

 

 involved. Here, we report for the

first time that TGF

 

b

 

1 is found in the active form inside B

cells and plasma cells and that it circulates in the plasma

complexed with IgG in two murine models of systemic au-

toimmunity and in some patients with SLE. IgG-bound ac-

tive TGF

 

b

 

1 is many times more potent than uncomplexed

active TGF

 

b

 

1 for suppression of neutrophil function in

vitro and host defense against 

 

S. aureus

 

 infection in vivo.

These data indicate that TGF

 

b

 

1 is in the active form inside

B cells and plasma cells, that the formation of a complex of

IgG and active TGF

 

b

 

1 is greatly accelerated in autoimmu-

nity, and that this complex is extremely potent for suppres-

sion of PMN function and host defense against bacterial in-

fection. (

 

J. Clin. Invest.

 

 1996. 98:2496–2506.) Key words:

systemic lupus erythematosus 

 

•

 

 polymorphonuclear cells 

 

•

 

 B

cells 

 

•

 

 phagocytosis 

 

•

 

 transforming growth factor

 

Introduction

 

Infection is a major cause of morbidity and mortality in SLE
(1–3). In recent epidemiologic studies, infection was either the
leading or one of the leading causes of death in SLE patients
(4–6). Although immunosuppressive drug therapy contributes
to the risk of infection, especially with opportunistic pathogens
(4, 7), many host defense abnormalities which putatively pre-
dispose patients with SLE to infection have been described, in-
cluding complement deficiencies, functional asplenia, reduced
opsonic capacity, and defects in neutrophil (PMN) chemotaxis
and phagocytosis (for review see reference 8). To determine

the contribution of defects in PMN function to the predisposi-
tion to infection in SLE, previously we assessed PMN function
and host defense against bacterial infection in a murine model
of systemic autoimmunity, MRL/Mp-lpr/lpr (MRL/lpr)

 

1

 

 mice
(9, 10), in which host defense could be examined indepen-
dently of therapeutic immunosuppression. Our studies indi-
cated that MRL/lpr mice, as compared with congenic control
mice, MRL/Mp-

 

1

 

/

 

1

 

 (MRL/n), (

 

a

 

) have an acquired defect in
PMN phagocytic function and in PMN extravasation to an in-
flammatory site; (

 

b

 

) have significantly decreased survival in re-
sponse to 

 

Escherichia coli

 

 and 

 

S. aureus

 

 infection at an age
when their complement levels and kidney function are normal;
(

 

c

 

) elaborate excessive levels of both the active and latent
forms of the cytokine TGF

 

b

 

 in spleen cell cultures and at the
site of bacterial infection; and (

 

d

 

) have enhanced resistance to
a lethal bacterial challenge and normal PMN extravasation
when treated with a monoclonal antibody (mAb 1D11) which
neutralizes the activity of TGF

 

b

 

 (9, 10). These data suggest
that the defects in PMN function and in host defense against
bacterial infection in these mice are caused by elevated levels
of active TGF

 

b

 

 circulating in the blood and at the site of infec-
tion. From these observations we hypothesized that elaboration
of active TGF

 

b

 

 during the course of an autoimmune disease is
an attempt to regulate autoimmunity and results in the inad-
vertent suppression of host defense against bacterial infection.

TGF

 

b

 

 plays contradictory roles in the pathogenesis of au-
toimmune diseases, exhibiting both immunosuppressive and
proinflammatory properties (11). These divergent roles are
clearly exemplified in studies of mice made genetically defi-
cient in the expression of TGF

 

b

 

1 and in transgenic mice which
overproduce active TGF

 

b

 

1 (12–14). TGF

 

b

 

1 knockout mice
develop a similar pattern of autoantibodies as MRL/lpr mice
and have IgG deposits in their renal glomeruli (12, 13). In con-
trast, TGF

 

b

 

1 transgenic mice have fibrotic lesions in many or-
gans and develop glomerulonephritis resembling immune
complex–mediated glomerular injury (14). These studies and
others clearly define an important role for TGF

 

b

 

1 in suppress-
ing autoreactivity while at the same time promoting tissue in-
jury as a consequence of immune complex deposition (12–17).
This dichotomy in function may derive from either the local or
systemic production of active TGF

 

b

 

 (15, 18, 19), the cellular
source of the TGF

 

b

 

 (13, 20), or the molecular form of the
TGF

 

b

 

 involved (21, 22). In this last regard, TGF

 

b

 

 has been re-
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1. 

 

Abbreviations used in this paper:

 

 BML, bone marrow leukocytes; E,

erythrocytes; MRL/lpr, MRL/Mp-lpr/lpr; MRL/n, MRL/Mp-

 

1

 

/

 

1

 

; PI,

phagocytic index; SA1, 

 

Staphylococcus aureus

 

 SA1;TBS, Trizma

buffer solution.
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ported recently to bind IgG antibodies and in this form has
suppressive activity in vitro for cytolytic T lymphocyte func-
tion (21) and B lymphocyte proliferation (22). Moreover,
TGF

 

b

 

 has been found in association with IgG in young MRL/
lpr mice (23). However, the role of IgG-bound TGF

 

b

 

 in sup-
pressing PMN function and host defense against bacterial in-
fection has not been examined. Therefore, the goals of this
work are to identify the molecular form and the cellular source
of the active TGF

 

b

 

 isoform(s) which mediate suppression of
PMN function and host defense against bacterial infection in
systemic autoimmunity.

Our present data indicate that TGF

 

b

 

1 is in the active form
inside B cells and plasma cells, that it is found in the active
form complexed to IgG in the plasma and in supernatants of
purified B cells and plasma cells, that the complex of TGF

 

b

 

1
bound to IgG is many times more potent than recombinant ac-
tive TGF

 

b

 

1 for suppression of PMN function in vitro and host
defense against 

 

S. aureus

 

 SA1 infection in vivo, and that this
complex can be found in the plasma of some patients with
SLE. To our knowledge, this represents the first demonstra-
tion of active, mature TGF

 

b

 

1 inside a cell.

 

Methods

 

Mice.

 

MRL/Mp-lpr/lpr (MRL/lpr), MRL/Mp-

 

1

 

/

 

1

 

 (MRL/n), and

BALB/c ByJ mice were obtained from The Jackson Laboratory (Bar

Harbor, ME). MRL/n and MRL/lpr mice were bred and maintained

in microisolator housing units (Lab Products, Inc., Maywood, NJ) un-

der specific pathogen-free conditions as described previously (10). To

study an additional murine model of systemic autoimmunity, we in-

duced autoimmunity in 8-wk-old female BALB/c mice by injection of

0.5 ml of sterile, endotoxin-free pristane (Sigma, St. Louis, MO) and

control mice were injected with sterile saline (24). After 8–13 wk, sys-

temic autoimmunity was evident (24) and the mice were studied for

PMN function and host defense status. Heparinized blood was col-

lected from the superior vena cava of mice anesthetized with 100 

 

m

 

l

of a solution containing 5 mg/ml ketamine HCl (Fort Dodge Labs,

Fort Dodge, IA) and 1 mg/ml rompin (Miles, Shawnee, KS) adminis-

tered intraperitoneally (i.p.). Platelet-depleted plasma was prepared

by centrifugation for 10 min at 2,000 rpm at room temperature to re-

move erythrocytes followed by a second centrifugation at 10,000 

 

g

 

 for

10 min at room temperature to remove platelets. Femurs were re-

moved aseptically and flushed with HBSS/0.1% FBS (Gibco Labora-

tories, Grand Island, NY) to obtain bone marrow leukocytes (BML).

Neutrophils (PMNs) were isolated from BML using NIM2 isolation

media (Cardinal Associates, Inc., Santa Fe, NM) following the manu-

facturer’s instructions. The cells were 75–80% PMN as determined by

staining with 0.1% cresyl violet.

 

SLE patients and normal volunteers.

 

Heparinized plasma and

PMN, purified as described (9), were obtained from a total of 18 ran-

domly selected patients meeting the 1982 ACR criteria for the classi-

fication of SLE and 9 age- and gender-matched normal volunteers.

All SLE patients were followed at the University of Missouri-Colum-

bia Hospital and Clinics, all studies were approved by the UMC Insti-

tutional Review Board, and patient consent was obtained.

 

Bacterial challenge.

 

Bacterial challenge of animals was per-

formed as described previously (10). The pathogen used in these

studies, 

 

S. aureus

 

 strain SA1, an encapsulated and TSST-1 positive

clinical isolate, was provided by Dr. J. Lee (Harvard University,

Cambridge, MA). To maintain virulence, bacteria were animal pas-

saged immediately before injection into experimental animals. SA1

were suspended in pyrogen-free, sterile normal saline and adjusted to

the desired inoculum spectrophotometrically at 530 nm before injec-

tion. The inoculum used for bacterial challenge was confirmed by se-

rial dilution in sterile normal saline and each dilution was counted by

a spread-plate method onto blood agar media (Becton Dickinson,

Cockeysville, MD). Survival in response to i.p. SA1 challenge and the

percentage of PMN, number of PMN/ml, and the CFU/ml of a 5-ml

peritoneal lavage obtained 24 h after i.p. challenge were performed as

described previously (10).

 

Purification of B cell–plasma cell preparations.

 

Spleens were re-

moved aseptically from age- and sex-matched MRL/n, MRL/lpr, sa-

line-injected BALB/c, and pristane-injected BALB/c mice and dis-

persed in 5 ml HBSS buffer (HBSS containing 10% FBS, and 10 mM

Hepes) followed by RBC lysis with a 10

 

3

 

 volume of 17 mM ammo-

nium chloride, pH 7.2 (Sigma) for 10 min at room temperature. Sple-

nocytes were washed with HBSS buffer containing 10 mM EDTA to

remove platelets as described previously (10). To enrich for B cells

and plasma cells, splenocyte suspensions were depleted of T cells,

monocytes, macrophages, and granulocytes by negative selection.

Briefly, splenocytes (1 

 

3

 

 10

 

8

 

) were incubated for 30 min on ice with a

10-ml mixture of the following hybridoma culture supernatants (2 ml

of each): 30H12 (rat IgG2b anti–mouse Thy1.2), GK1.5 (rat IgG2b

anti–mouse CD4), 53.6 (rat IgG2b anti–mouse CD8), M1/70 (rat

IgG2b anti–mouse CD11b), and RB6 (rat IgG2b anti–granulocyte-1).

Antibody-coated cells were pelleted at 1,200 rpm for 10 min at 4

 

8

 

C,

washed with cold HBSS buffer, and incubated with 4 ml goat anti–rat

IgG magnetic particles (Perspective Diagnostics, Cambridge, MA) in

cold HBSS buffer for 20 min on ice. All cells bound by magnetic par-

ticles were removed by duplicate rounds of magnetic depletion for 15

min at room temperature. The enriched B cell–plasma cells prepara-

tions were assessed by flow cytometry for expression of surface IgG

and were 

 

.

 

 86% positive for surface IgG and did not express CD4,

CD8, CD11b, or Gr-1. Cytospin preparations were made from 100 

 

m

 

l

of the enriched B cells–plasma cells (2 

 

3

 

 10

 

6

 

 cells/ml) and stained

with Wright’s stain to assess the percentage of plasma cells by light

microscopy which ranged from 18 to 35% (not all plasma cells are

surface IgG positive). In addition, a rare megakaryocyte was ob-

served on the Wright’s stained preparations. To assess secreted IgG-

bound TGF

 

b

 

1, purified B cells–plasma cells (4 

 

3

 

 10

 

6

 

 cells/ml) were

cultured in DMEM media supplemented with either 5% FBS or 1%

Nutridoma (Boehringer-Mannheim, Indianapolis, IN) in sterile 4-well

flat-bottom polystyrene culture plates (Becton Dickinson Labware,

Lincoln Park, NJ). Cells were cultured either in media alone or in the

presence of 10 ng/ml murine IL-4 (R & D Systems, Minneapolis, MN)

and 1 

 

m

 

g/ml lipopolysaccharide (LPS from 

 

E. coli

 

 O111:B4, Sigma) to

stimulate Ig secretion. After 24 h, supernatants were collected and

IgG was isolated, quantitated, and both total and active TGF

 

b

 

1 levels

were determined as indicated.

 

IgG isolation.

 

IgG was isolated from murine and human plasma,

24-h peritoneal lavage samples after i.p. challenge with SA1, and cul-

ture supernatants from purified B cells and plasma cells using the

mAb Trap GII antibody purification kit (Pharmacia Biotech,

Alameda, CA) according to the manufacturer’s instructions. Column

eluates containing IgG were lyophilized and reconstituted to the orig-

inal volume. Concentrations of IgG present in samples were deter-

mined by radial immunodiffusion as compared with standards using a

mouse IgG NL RID kit (Binding Site, Inc., San Diego, CA).

 

Preparation of antibody.

 

Murine IgG1 monoclonal anti-TGF

 

b

 

(clone 1D11) which recognizes the active forms of TGF

 

b

 

1, TGF

 

b

 

2,

and TGF

 

b

 

3, prepared as described (25), or murine IgG1 control,

KG7, were provided by Celtrix Pharmaceuticals (Santa Clara, CA).

Before use or injection, all antibodies were subjected to buffer ex-

change to ensure the absence of endotoxin as described previously

(10). All antibody concentrations were adjusted to 1 mg/ml.

 

TGF

 

b

 

 assay.

 

To accurately measure TGF

 

b

 

, all tubes, plates, etc.

were coated with 0.2% BSA to reduce nonspecific binding of TGF

 

b

 

to plastic. Total TGF

 

b

 

1 levels in plasma and peritoneal lavage sam-

ples were analyzed by a TGF

 

b

 

1 ELISA kit (Promega, Madison, WI)

and total TGF

 

b

 

2 levels in plasma and lavage samples were analyzed

by a TGF

 

b

 

2 Quantikine ELISA kit (R & D Systems) following acid-

ethanol extraction as described by Danielpour (26). Briefly, to 1 ml of

lavage or plasma 4.0 ml of cold acid-ethanol solution containing 93%
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ethanol, 0.24 M HCl, 85 

 

m

 

g/ml phenylmethylsulfonyl fluoride, and

5 

 

m

 

g/ml pepstatin A (Sigma) was added and extraction was per-

formed overnight with gentle rocking at 4

 

8

 

C. The samples were clari-

fied by centrifugation at 10,000 

 

g

 

 for 10 min and the supernatants

were dialyzed against 4 mM HCl overnight at 4

 

8

 

C using Slide-A-Lyzer

10K dialysis cassettes (Pierce, Rockford, IL). Samples were clarified

by centrifugation, as above, and resulting supernatants were flash fro-

zen in liquid N

 

2

 

 and lyophilized using a Virtis Freezemobile 25 lyo-

philization unit (Virtis Co., Inc., Gardiner, NY). Lyophilized samples

were reconstituted with 1 ml sterile water and total TGF

 

b

 

1 and

TGF

 

b

 

2 levels were analyzed by ELISA following the manufacturer’s

instructions. To measure the levels of TGF

 

b

 

3 in plasma, the CCL-64

mink lung cells (American Type Culture Collection, Rockville, MD)

bioassay was used as described previously (10). Briefly, acid-ethanol

extracted plasma (0.5 ml) was incubated with 50 

 

m

 

g of either poly-

clonal neutralizing anti-TGF

 

b

 

3 (R & D Systems), anti-TGF

 

b

 

1, 

 

b

 

2, 

 

b

 

3

(1D11) monoclonal antibody as a positive control, or gIgG or KG7 as

a negative control for 1 h at 0

 

8

 

C before analysis in the bioassay. The

bioactivity in the presence of anti-TGF

 

b

 

3 was compared with the bio-

activity in the presence of control antibody to assess the presence of

TGF

 

b

 

3 biological activity. The TGF

 

b

 

1 Predicta ELISA kit (Gen-

zyme Corp., Cambridge, MA) was used to measure the levels of both

active and total TGF

 

b

 

1 in culture supernatants and in IgG purified

from either plasma or B-plasma cell culture supernatants as described

by Schultz-Cherry et al. (27). The TGF

 

b

 

1 Predicta ELISA uses mAb

1D11 and therefore is selective only for active TGF

 

b

 

1. To measure

active TGF

 

b

 

1, 200 

 

m

 

l of culture supernatant or purified IgG in PBS

was diluted 1:2 and directly analyzed following the manufacturer’s in-

structions. For measurement of total (active 

 

1

 

 latent) TGF

 

b

 

1, 200 

 

m

 

l

of sample was diluted 1:2 and acid activated with 20 

 

m

 

l of 1 N HCl for

1 h on ice and neutralized with 20 

 

m

 

l of 1 N NaOH before analysis as

directed in the instructions. An additional standard of 0.04 ng/ml was

used to construct the standard curve.

 

Opsonization of sheep erythrocytes.

 

Sheep erythrocytes (E) (Whit-

taker M.A. Bioproducts, Walkersville, MD) were opsonized with mu-

rine monoclonal IgG2b anti–sheep E (Accurate Chemical and Scien-

tific Co., Westbury, NY) for murine PMN phagocytosis assays or with

rabbit IgG anti–sheep E (Diamedix, Miami, FL) for human PMN phago-

cytosis assays as described previously (9). Opsonized E (EIgG2b or

EIgG) were suspended at 5 

 

3

 

 108/ml in dextrose-gelatin veronal-buff-

ered saline.

Phagocytosis assays. PMN phagocytosis was assessed by a fluid-

phase assay as described previously (9). Human peripheral blood

PMN or murine BML-derived PMN (2 3 105) were incubated with 15

ml of EIgG2b or EIgG in the presence of buffer alone (HBSS con-

taining 1.0% HSA, 10 mM Hepes, 4.2 mM sodium bicarbonate, 1.0

mM Ca21, and 1.0 mM Mg21) or buffer containing either 50 mM

FMLP (Sigma) or the indicated concentration of PDBu (Sigma) in a

final volume of 115 ml. In addition, where indicated, PMN were incu-

bated with IgG-bound TGFb1 purified from either B-plasma cell su-

pernatants or plasma in the presence or absence of 1D11 or KG7 an-

tibody followed by repeated washes in buffer alone before assay. To

allow the target particles to interact optimally with the PMN, the re-

action mixtures were centrifuged at 200 g for 1 min and gently resus-

pended before incubation at 378C. After 30 min, uningested E were

lysed by the addition of 1 ml of cold 0.83% ammonium chloride. Phago-

cytosis was assessed by light microscopy and quantitated as a phago-

cytic index (PI), the number of EIgG2b or EIgG ingested/100 PMN.

Immunohistochemistry. We followed the immunohistochemistry

protocol of Pelton et al. (28) with minor modifications. To assess in-

tracellular active TGFb, splenic B-plasma cell cytospin preparations

were fixed in 95% ethanol with 5% acetic acid. Methanol fixation was

also used with equivalent results. Slides were submerged in TBS

(Trizma buffer solution) containing 0.1% (vol/vol) Triton X-100

(Sigma) at room temperature for 15 min followed by TBS for 5 min,

methanol for 2 min, and 0.6% (vol/vol) hydrogen peroxide in metha-

nol for 30 min. Slides were subsequently washed at room temperature

in methanol for 2 min, TBS for 5 min, and three times in TBS contain-

ing 0.1% (wt/vol) BSA for 3 min. After treatment with hyaluronidase

(1 mg/ml in 100 mM sodium acetate, 0.85% [wt/vol] NaCl) for 30 min

at 378C and three washes in TBS/0.1% BSA, B-plasma cell slides

were treated with an Avidin-Biotin block (Vectastain) for 15 min at

room temperature, rinsed in TBS, and blocked with 1% goat serum in

TBS containing 0.5% BSA for 30 min at room temperature. B-plasma

cell slides were incubated with 100 mg/ml biotinylated anti-TGFb1

(1D11) or KG7 (control IgG1) in TBS containing 1% goat serum and

0.1% BSA overnight at 48C in a humidity chamber. 1D11 and KG7

were biotinylated using a biotin/avidin reagent (Zymed, Laborato-

ries, Inc., South San Francisco, CA) according to the manufacturer’s

instructions. Cytospin preparations were washed three times in TBS

with 0.1% BSA, slides were exposed to ABC complex, followed by

0.05% DAB and 0.1% hydrogen peroxide. Cytospins were counter-

stained with Gill’s No. 2 hematoxylin (Fisher Scientific, Pittsburgh,

PA) and examined under light microscopy.

Statistical analysis. Data are presented as the mean6SEM. Statis-

tical analyses were determined by the Mann-Whitney U test for non-

parametrics or the Fisher’s exact test using Statview 4.01 by Abacas

Concepts, Inc. (Berkeley, CA) for Macintosh.

Results

TGFb1 is the predominant isoform increased in the plasma

and at the site of S. aureus SA1 infection in MRL/lpr mice.

We demonstrated previously that increased susceptibility to
bacterial infection in MRL/lpr mice was due to the spontane-
ous elaboration of TGFb (10). To assay which isoform was re-
sponsible, the total level (latent 1 active) of each isoform in
plasma and of a lavage from the site of infection was assessed.
Pooled heparinized plasma and peritoneal lavages obtained 24 h
after i.p. infection with SA1 were acid-ethanol extracted to re-
move proteins which bind to TGFb and interfere with its de-
tection (26). As shown in Fig. 1, MRL/lpr mice have signifi-
cantly higher levels of total TGFb1 both in the plasma and at
the site of infection (Fig. 1 A). TGFb2 levels were considerably
lower and ranged from 10 to 75 pg/ml in both plasma and at
the site of infection (data not shown). No detectable levels of
TGFb3 were found in either plasma or lavage samples from ei-
ther MRL/n or MRL/lpr mice (data not shown). These data
demonstrate that TGFb1 is the predominant isoform overex-
pressed in both the plasma and at the site of infection in MRL/
lpr mice.

IgG-bound TGFb1 is significantly elevated in plasma and at

the site of S. aureus SA1 infection in MRL/lpr mice. Recently,
TGFb has been reported to bind IgG in both autoimmune and
normal murine models (21, 23). However, the TGFb isoform
associated with IgG and whether IgG-bound TGFb1 is also el-
evated at sites of infection have not been determined. To de-
termine if there is a role for IgG-bound TGFb1 in the in-
creased susceptibility of these mice to infection, we measured
total IgG-bound TGFb1 in pooled plasma and in 24 h SA1
peritoneal lavage (Fig. 1 B). MRL/lpr mice have significantly
elevated levels of IgG-bound TGFb1 in plasma as compared
with MRL/n mice. Moreover, the amount of TGFb1 associ-
ated with IgG comprised z 75% of the total TGFb1 circulat-
ing in the plasma of MRL/lpr mice. In addition, MRL/lpr mice
had significantly more IgG-bound TGFb1 at the site of infec-
tion as compared with MRL/lpr mice. Neither TGFb2 nor
TGFb3 was detected bound to IgG in either plasma or lavages
from MRL/n or MRL/lpr mice (data not shown). Thus, MRL/
lpr mice have significantly elevated levels of IgG-bound
TGFb1 in both plasma and at the site of SA1 infection as com-
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pared with MRL/n mice. Moreover, the predominant form of
TGFb1 circulating in the plasma of autoimmune MRL/lpr
mice is IgG-bound.

IgG-bound TGFb1 is secreted in the active form from puri-

fied B cells and plasma cells from MRL/lpr mice and this com-

plex is extremely potent for suppression of host defense against

infection in vivo and for suppression of PMN function in

vitro. Our previous data indicated that unstimulated spleno-
cytes from MRL/lpr mice produced more active and total
TGFb in culture than did MRL/n splenocytes (10). While this
pointed to hematopoietic cells as the source of the active
TGFb involved in suppression of host defense, the cellular
source was not identified. Because active recombinant TGFb1
has been shown to bind to purified IgG (22), IgG-bound
TGFb1 could arise in the periphery by release of active TGFb1
from multiple sources. Alternatively, the active TGFb1 bound
to IgG could derive from the B cells and plasma cells which se-
creted the IgG, as postulated by others (23). To test this we ex-
amined the ability of active recombinant TGFb1 to bind to
IgG in MRL/n plasma and to purified murine IgG. We added
20 ng of active recombinant TGFb1/ml of MRL/n plasma to 5
mg/ml of purified murine IgG in buffer and incubated the mix-
ture for 15 min at 378C. We then isolated the IgG from the
mixture and measured the amount of TGFb1 associated with
the IgG. Unlike the results obtained by others (22), we found
that none of the added recombinant TGFb1 became associ-
ated with the IgG either in plasma or in buffer (data not
shown), thus it is unlikely that the complex arises in the pe-
riphery. Therefore, we tested the ability of purified B cells and
plasma cells from spleens of MRL/n and MRL/lpr mice to se-
crete IgG-bound TGFb1. Purified B cells and plasma cells
stimulated with IL-4 and LPS to induce Ig secretion secreted
IgG-bound TGFb1, and both the amount of IgG and the
amount of TGFb1 in the complex were increased in MRL/lpr
mice (Table I). In addition, TGFb1 was bound to IgG released

from MRL/lpr B cells and plasma cells in the absence of addi-
tional exogenous stimulation (Table I). Equivalent results
were obtained in the presence of either 5% FBS or 1% Nutri-
doma, ruling out the possibility that the TGFb1 in the complex
was coming from FBS (experiment 1 versus experiment 2). In
addition, neither TGFb2 nor TGFb3 was detected bound to
IgG secreted from B-plasma cells. These data indicate that su-
pernatants from purified B cells and plasma cells contain
TGFb1 which is bound to IgG.

In our previous work, mAb 1D11, which recognizes an
epitope on active TGFb and neutralizes its biologic activity
(25), augmented host defense against infection (10). Because
our present data suggested that the majority of the TGFb1 ele-
vated in these mice is bound to IgG, this suggested that the
TGFb1 bound to IgG is in the active and not in the latent
form. To assess this, we purified the IgG from the purified B
cell and plasma cell culture supernatants and measured the
amount of active TGFb1 bound, without acid ethanol extrac-
tion, using an ELISA based on the availability of the 1D11
epitope. As shown in Table I, the majority of TGFb1 bound to
IgG in these supernatants was already in the active form and
acid activation to detect total levels only modestly increased
this amount. Again, this process was greatly accelerated in
MRL/lpr mice. These data indicate that IgG-bound TGFb1 se-
creted by purified B cells and plasma cells in culture expresses
the 1D11 epitope even though it is complexed to IgG.

A trivial explanation for these data could be that the buffer
used for eluting the IgG from the column is capable of activat-
ing latent TGFb1. To test for this, we incubated a platelet
lysate containing latent TGFb1 with the elution buffer and
measured the amount of TGFb1 detectable based on the avail-
ability of the 1D11 epitope. No active TGFb1 was detected.
An additional control included chromatographing the culture
supernatants over gelatin-Sepharose to assess whether TGFb1
was binding nonspecifically to the Sepharose column. An elu-

Figure 1. Comparison of MRL/n (blacks 

bars) and MRL/lpr (striped bars) mice for 

total TGFb1 levels (A) and IgG-bound 

TGFb1 levels (B) in plasma and at the site 

of infection. (A) Pooled heparinized 

plasma from 10–12-wk-old female mice 

and peritoneal lavages obtained from 14-

wk-old female mice 24 h after i.p. infection 

with 3 3 105 CFU of SA1 were acid-etha-

nol extracted and TGFb1 was measured 

by ELISA. Levels of total TGFb1 in 

plasma were significantly different be-

tween MRL/n (n 5 9 pools, 2 mice/pool) 

and MRL/lpr mice (n 5 10 pools, 2 mice/

pool), P 5 0.02, Mann-Whitney U test. 

Levels of total TGFb1 in the peritoneal la-

vage were significantly different between 

MRL/n (n 5 5) and MRL/lpr mice (n 5 6), 

P 5 0.006, Mann-Whitney U test. (B) IgG 

purified from plasma and peritoneal lav-

ages was acid-ethanol extracted and IgG-

bound TGFb1 was measured by ELISA. Plasma levels of total IgG-bound TGFb1 from 10–16-wk-old male MRL/n (n 5 4 pools, 3 mice/pool) 

and MRL/lpr mice (n 5 4 pools, 3 mice/pool) were significantly different, P 5 0.02, Mann-Whitney U test. Levels of total IgG-bound TGFb1 in 

peritoneal lavages from 14-wk-old female MRL/n (n 5 4) and MRL/lpr mice (n 5 4) after i.p. infection with 2 3 105 CFU SA1 were significantly 

different, P 5 0.021, Mann-Whitney U test. MRL/lpr mice have significantly higher levels of TGFb1 in both plasma and at the site of infection. 

Moreover, the majority of the TGFb1 in MRL/lpr plasma is bound to IgG.
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ate of the gelatin Sepharose column did not contain active
TGFb1 by ELISA.

These data suggest that the TGFb1 bound to IgG is in the
biologically active form at the time it is secreted from the B
cells and plasma cells. To test the biologic activity of the puri-
fied complex, we assessed the ability of the IgG-bound TGFb1
purified from MRL/n and MRL/lpr B cells and plasma cells to
increase the susceptibility of MRL/n mice to infection with S.

aureus SA1. To our surprise, injection of only 100 mg of IgG
purified from MRL/lpr B-plasma cells containing 200 pg of ac-
tive TGFb1 at the time of bacterial challenge significantly re-
duced the survival of MRL/n mice to 0% (Fig. 2 A). In con-
trast, 100 mg of MRL/n IgG, containing , 5 pg of active
TGFb1, did not affect survival of MRL/n mice (Fig. 2 B). Be-
cause 100 ng of active recombinant TGFb1 is required to sig-
nificantly affect host defense against SA1 infection in MRL/n
mice (10), IgG-bound TGFb1 is 500 times more potent for
suppression of host defense in vivo than is recombinant active
TGFb1. These data are consistent with our inability to demon-
strate binding of exogenously added recombinant TGFb1 to

IgG in MRL/n plasma and may explain this difference in po-
tency (see above). To verify that this complex was sufficient to
suppress PMN function, we investigated the effect of the IgG-
bound TGFb1 complex purified as above on the ability of
PMN to increase ingestion of IgG-opsonized targets in re-
sponse to stimulation with the chemotactic peptide, FMLP, as
described previously (9). Incubation of bone marrow–derived
PMN from MRL/n mice with 20 mg of IgG purified from
MRL/lpr cell supernatants and containing 40 pg of active
TGFb1 suppressed stimulated phagocytosis by MRL/n PMN
to a level comparable with MRL/lpr PMN (Fig. 2 B). More-
over, the suppression mediated by MRL/lpr IgG could be
overcome by pretreatment with mAb 1D11 but not with KG7
control antibody. Thus, IgG-bound TGFb1 from MRL/lpr
mice, in the absence of any exogenous activation step, is fully
sufficient to suppress stimulated phagocytosis by normal PMN.
These data indicate that the IgG-bound TGFb1 complex pro-
duced by purified B cells and plasma cells of autoimmune mice
is secreted in a biologically active form and is extremely potent
for suppression of host defense in vivo and PMN function in
vitro.

TGFb1 is present in the active form inside B-plasma cells.

TGFb is secreted by cells primarily in a latent form and its con-
version to the biologically active form occurs extracellularly
(29). Since our present data indicated that the IgG-bound
TGFb1 was secreted in the active form, we hypothesized that
TGFb1 might exist in the active form inside B cells and plasma
cells of these mice. To investigate this possibility, we per-
formed immunohistochemical analysis for intracellular active
TGFb in purified B cells and plasma cells from MRL/n and
MRL/lpr mice using mAb 1D11 to detect the active form of
TGFb (24). As shown in Fig. 3, B cells and plasma cells from
MRL/n (Fig. 3, C and E) and MRL/lpr (Fig. 3, D and F) mice
exhibit positive staining with 1D11 mAb in the cytoplasm and
this positivity was most pronounced in plasma cells. MRL/n
and MRL/lpr B-plasma cells treated with control KG7 anti-
body exhibited no positivity (Fig. 3, A and B, respectively).
Moreover, plasma cells from MRL/lpr mice stained more in-
tensely as compared with cells from MRL/n mice. The rare
megakaryocyte present in these cell preparations was negative
for 1D11 staining, indicating that 1D11 is not able to recognize
latent intracellular TGFb (Fig. 3 F, open arrow). When crude
spleen cell suspensions (not depleted of any cell population)
were examined for intracellular active TGFb, neutrophils,
macrophages, megakaryocytes, and the majority of lympho-
cytes were all negative for 1D11 positivity (data not shown).
These data are consistent with the data in Table I and suggest
that TGFb1 is present in the active form inside plasma cells. In
addition, the amount of active TGFb1 inside B cells and
plasma cells is vastly enhanced in autoimmune MRL/lpr mice.
To our knowledge, this is the first demonstration of the expo-
sure of the 1D11 epitope of mature TGFb inside a cell.

IgG-bound TGFb1 suppresses host defense and PMN func-

tion in other murine models of systemic autoimmunity and in

patients with SLE. To verify that our results were not exclu-
sive to the MRL/lpr animal model, we examined whether IgG-
bound TGFb1-mediated defects in PMN function and host de-
fense against bacterial infection could be observed in other
murine models of systemic autoimmunity and in patients with
SLE. We chose to study pristane-induced systemic autoimmu-
nity (24) because this model would allow us to examine host
defense against bacterial infection under conditions where

Table I. Comparison of Purified B Cell–Plasma Cell Culture 
Supernatants for IgG-bound TGFb1

IgG-bound

IgG* Active TGFb1‡ Total TGFb1‡

mg/ml ng/ml ng/ml

Experiment 1

MRL/n

Media control 0.0 , 0.04 , 0.04

IL-4 1 LPS 0.8 , 0.04 , 0.04

MRL/lpr

Media control 0.9 1.23 1.46

IL-4 1 LPS 2.0 4.61 5.33

Experiment 2

MRL/n

Media control 0.0 , 0.04 , 0.04

IL-4 1 LPS 0.6 0.80 1.00

MRL/lpr

Media control 0.8 1.17 1.31

IL-4 1 LPS 1.8 3.61 4.52

Comparison of active and total IgG-bound TGFb1 levels in 24 h culture

supernatants from unstimulated (media alone) and stimulated (10 ng/ml

IL-4 1 1 mg/ml LPS) purified B cells and plasma cells obtained from 16-

wk-old female MRL/n (n 5 2) and MRL/lpr (n 5 2) mice. Cells were

grown in DMEM/5% FBS/1% glutamine/20 mM Hepes/50 mg/ml genta-

mycin/50 mm 2-mercaptoethanol (Experiment 1) or DMEM/1% Nutri-

doma/1% glutamine/20 mMN Hepes/50 mg/ml gentamycin (Experiment

2). MRL/n purified B cells and plasma cell cultures contained 18%

plasma cells in experiments 1 and 2 and MRL/lpr B-plasma cell cultures

contained 35% plasma cells in experiment 1 and 27% plasma cells in ex-

periment 2, respectively. After 24 h, MRL/lpr purified B cell and plasma

cell cultures contained higher levels of IgG-bound TGFb1. IgG-bound

TGFb1 is predominantly in the active form. *Culture supernatants were

passed over protein G–Sepharose columns and the IgG concentration of

the eluate was determined by radial immunodiffusion for murine IgG.
‡Assessment of both active and total levels of IgG-bound TGFb1 was

performed by ELISA using the TGFb1 Predicta kit as described in

Methods.
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gene expression regulating host defense would be equivalent.
We injected BALB/c mice with 0.5 ml of either sterile saline or
pristane. After 9–13 wk, we examined the levels of IgG-bound
TGFb1 in the plasma and in culture supernatants from B cells
and plasma cells, the phagocytic function of bone marrow
PMN, and host defense against SA1 infection. In all experi-
ments, pristane-treated BALB/c mice were equivalent to
MRL/lpr mice and saline-treated BALB/c mice were equiva-
lent to MRL/n mice. Pristane-treated mice had 5.18 ng of IgG-
bound active TGFb1/ml of plasma whereas saline-treated mice
had levels below the detection of the assay (, 0.04 ng/ml).
Moreover, pristane-treated mice had 2.22 ng of IgG-bound ac-
tive TGFb1/ml of a B cell and plasma cell culture supernatant
containing 1.8 mg of IgG/ml whereas saline-treated mice had
, 0.04 ng/ml of supernatant containing 0.8 mg/ml of IgG.
Moreover, B-plasma cell cytospin preparations from pristane-
treated mice exhibited more intense staining for intracellular
active TGFb than did saline-treated mice. Moreover, PMN
from pristane-treated mice failed to augment ingestion in re-
sponse to FMLP stimulation as compared with saline-treated
mice (data not shown). These data demonstrate that induction
of systemic autoimmunity results in the overproduction of
IgG-bound active TGFb1 and in an acquired defect in PMN
function. To determine if the presence of this complex was suf-
ficient to induce a defect in host defense, we challenged saline-
and pristane-treated mice with SA1 i.p. After 24 h, we ob-
tained a lavage of the peritoneum and assessed the percentage
of PMN, number of PMN/ml of lavage, and the bacterial bur-
den as CFU/ml of lavage. As shown in Fig. 4, pristane-treated
mice had a significantly increased bacterial burden (Fig. 4 C)

which resulted in a persistent influx of PMN as detected by
both an increase in percentage of PMN (Fig. 4 A) and in in-
creased numbers of PMN (Fig. 4 B). Moreover, treatment of
the pristane-induced mice with mAb 1D11, as compared with
the isotype control KG7, reversed their defects in host defense.
These data are identical to those we published for MRL/lpr
mice (10). These data indicate that pristane induction of sys-
temic autoimmunity in BALB/c mice results in an acquired de-
fect in host defense which is caused by IgG-bound TGFb1 cir-
culating in the vasculature.

To assess whether similar defects occur in patients with
SLE as we described for MRL/lpr and pristane-treated BALB/
c mice, we measured plasma TGFb1 levels in 18 randomly se-
lected patients meeting the ACR criteria for classification of
SLE and 9 age- and gender-matched normal controls. As
shown in Fig. 5 A, SLE patients had significantly higher
plasma total TGFb1 levels when compared with normals. We
assessed PMN phagocytic function over time in two of the pa-
tients with the highest levels of TGFb1 (. 13 ng/ml). As
shown in Fig. 5 B, PMN from SLE patient 1 with 13.4 ng/ml of
TGFb1 in her plasma failed to enhance phagocytosis of IgG
opsonized erythrocytes when stimulated with increasing con-
centrations of PDBu as compared with PMN from a normal con-
trol. When this same patient was examined 3 mo later, her
plasma TGFb1 level was normal (2.2 ng/ml) and her PMN phago-
cytic response to PDBu was equivalent to normal PMN (Fig. 5
C). Importantly, the first plasma TGFb1 level was obtained
while this patient was hospitalized with active lupus, and the
subsequent level was obtained after treatment and clinical im-
provement, suggesting that these two parameters may vary

Figure 2. Effect of IgG-bound 

TGFb1 from MRL/n and MRL/

lpr mice on (A) the survival of 

MRL/n mice in response to SA1 

infection and (B) the phago-

cytic function of MRL/n PMN. 

(A) IgG was purified from IL-4 

and LPS-stimulated B-plasma 

cell culture supernatants (see 

Table I) and 100 mg purified 

from MRL/n mice, containing 

, 5 pg of active TGFb1, and 

from MRL/lpr mice, containing 

200 pg active TGFb1, was in-

jected intravenously at the time 

of i.p. infection with 1.5 3 105 

CFU of SA1. The percentage of 

mice surviving was assessed 

daily for 7 d. MRL/n mice in-

jected with IgG-bound TGFb1 

purified from MRL/lpr mice (n 5 

6) had significantly decreased 

survival in response to SA1 in-

fection as compared with mice injected with MRL/n IgG-bound TGFb1 (n 5 5), P 5 0.002, Fisher’s exact test. (B) Bone marrow–derived PMN 

(4 3 106) from 14-wk-old female MRL/n were incubated for 1 h at 378C with 20 mg of IgG-bound TGFb1 purified as above from either MRL/n 

(, 1 pg active TGFb1) or MRL/lpr mice (40 pg active TGFb1) as follows: media control; MRL/n IgG-TGFb1; MRL/lpr IgG-TGFb1; MRL/lpr 

IgG-TGFb1 preincubated with 10 mg of isotype control antibody KG7 for 30 min at 08C; and MRL/lpr IgG-TGFb1 preincubated with 10 mg of 

anti-TGFb 1D11 monoclonal antibody for 30 min at 08C. PMN from age- and gender-matched MRL/lpr mice were examined as an additional 

control. Treated PMN (2 3 105) were incubated with EIgG2b in the presence of buffer alone (black bars) or 50 mM FMLP (striped bars). After 

30 min at 378C, uningested E were lysed and phagocytosis was assessed by light microscopy. PI is the amount of EIgG2b ingested by 100 PMN. 

IgG-bound TGFb1 purified from B-plasma cells from MRL/lpr mice is extremely potent in suppressing host defense against infection and in sup-

pressing PMN phagocytic function.
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with disease activity. Qualitatively similar data were obtained
with SLE patient 2 demonstrating abnormal PMN responses
and elevated plasma TGFb1 (13 ng/ml) on one day (6/21/95)
and then normal values on subsequent study (11/7/95). Cur-
rently, we presume that the cycling of these two patients is due
to variations in disease activity and autoantibody production
due to treatment. However, further study will be required to
determine a correlation between disease activity and plasma
TGFb1 levels.

To prove that these differences were due to the presence of
IgG-bound TGFb1 in the plasma, we purified the IgG from
the plasma of SLE patient 2 from these 2 d and assessed the
ability of the IgG-bound TGFb1 to suppress PMN phagocytic
function as performed in Fig. 2 B. As shown in Fig. 6, incuba-
tion of autologous PMN with the IgG-bound TGFb1, purified
from plasma containing 13 ng/ml of TGFb1, suppressed their
ability to enhance ingestion in response to the optimal concen-
tration of PDBu. Moreover, preincubation of the complex
with mAb 1D11, as compared with the isotype control KG7,
reversed this suppression. In addition, IgG purified from
plasma when her TGFb1 level was 1.78 ng/ml had no effect on
PMN phagocytic function. These data indicate that some pa-
tients with SLE have elevated levels of TGFb1 in the plasma,
that it is present as a complex bound to IgG, and that in this
form it is fully sufficient to suppress PMN function.

Discussion

Our data indicate that B cells and plasma cells are the primary
source of the active TGFb1 in the circulation of autoimmune

MRL/lpr and pristane-treated BALB/c mice and that it is IgG-
bound active TGFb1 which is responsible for suppressing host
defense. TGFb1 bound to IgG is many times (z 500) more po-
tent than active recombinant TGFb1 for suppression of PMN
phagocytic function in vitro and host defense against bacterial
infection in vivo. Moreover, this complex can be detected in
the plasma of some patients with SLE and when present is re-
sponsible for suppression of PMN phagocytic function. These
data imply that under circumstances of polyclonal B cell acti-
vation or chronic antigenic stimulation, a complex of IgG and
active TGFb1 could arise and when present in the circulation
could lead to defects in PMN function and in host defense
against infections caused by common pathogens. Therefore,
under these conditions defects in PMN function would be ac-
quired and could result in significant morbidity and mortality
due to infection. In fact, an increased risk of bacterial infection
and defects in PMN function have been described not only in
patients with SLE (8) but in patients with rheumatoid arthritis
(30, 31), diabetes mellitus (32, 33), AIDS (34, 35), and in can-
cer patients undergoing IL-2 therapy (36, 37). Importantly,
both patients with AIDS and those receiving IL-2 are known
to have elevated plasma TGFb levels (38–40). These data in
combination with our studies in patients with SLE suggest that
overproduction of IgG-bound active TGFb1 could underlie
the acquired defects in PMN function observed in many
chronic human diseases. Demonstration of the presence of this
complex in the plasma of these patients will be required to
confirm this speculation.

The most novel observation of this study is the demonstra-
tion of active TGFb1 inside B cells and plasma cells whereas

Figure 3. Immunohistochemical analysis of active TGFb1 inside splenic B-plasma cell cytospin preparations from 16-wk-old female MRL/n (n 5 

2) (A, C, E) and MRL/lpr mice (n 5 2) (B, D, F). Ethanol-fixed B-plasma cell cytospins were stained with biotinylated mAb KG7 (isotype con-

trol) (A and B) or mAb 1D11 (anti–active TGFb) (C–F) and counterstained with hematoxylin. No positivity was evident for cells stained with 

control KG7 (A and B). mAb 1D11 positivity was most pronounced in plasma cells (brown staining) (closed arrows, C– F), and this staining was 

more intense in plasma cells from MRL/lpr mice (D and F) as compared with MRL/n mice (C and E). Megakaryocytes were negative for active 

TGFb (F) (open arrow). Active TGFb is present intracellularly in B-plasma cells at or near the time of its association with IgG and this process 

is greatly accelerated in MRL/lpr mice.

Figure 4. Comparison of saline-

treated (black bars) and pris-

tane-treated BALB/c mice in-

jected i.v. with either 150 mg of 

mAb 1D11 (shaded bars) or iso-

type control mAb KG7 (striped 

bars) on the (A) percentage of 

PMN, (B) PMN number/ml, 

and (C) log10 CFU/ml of a lav-

age of the peritoneum 24 h after 

i.p. infection with 1 3 105 CFU 

of SA1. 8-wk-old female 

BALB/c mice were injected i.p. 

with either 0.5 ml of pristane or 

saline as a control 9 wk before 

the bacterial challenge. The 

percentage of PMN, PMN num-

ber/ml, and the CFU/ml were 

significantly different between 

mAb 1D11-treated (n 5 6) and 

control KG7-treated (n 5 7) mice that had been given pristane, P 5 0.0045, 0.0027, and 0.0027, respectively, Mann-Whitney U test. The re-

sponses of the saline control mice (n 5 5) were equivalent to those of the mAb 1D11–treated mice. Pristane induction of systemic autoimmunity 

in BALB/c mice increases their susceptibility to SA1 infection and mAb 1D11 treatment reverses their increased susceptibility.
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other spleen cell types were negative. These data suggest that
the mechanism by which TGFb1 is activated in association
with IgG may be unique. TGFb is known to be secreted by
most cells in an inactive or latent form with the extracellular
conversion to active TGFb occurring after interaction with the
cell surface serine protease, plasmin, and the cation-indepen-
dent mannose 6-phosphate/insulin-like growth factor type II
receptor (29). In contrast, our data demonstrate the presence
of active TGFb1 inside B cells and plasma cells. There are at
least two possible mechanisms which could explain this result.
First, colocalization of both TGFb1 and IgG inside plasma
cells could induce the conversion of TGFb1 from the latent to
the active form. In fact, IgG-induced activation could be very
similar to the activation of TGFb mediated by thrombospon-
din which is protease independent but occurs extracellularly
(27). Like IgG, thrombospondin-bound TGFb1 allows for ex-
pression of the mAb 1D11 epitope (27). IgG binding to the la-
tent TGFb complex could either induce a conformational
change in the complex to expose residues required for TGFb1
activity or induce the dissociation of active TGFb1 from the la-
tency-associated protein to expose the epitope recognized by
mAb 1D11. Alternatively, TGFb1 could be secreted in the la-
tent form, activated, bound to secreted IgG, and then taken up
as a complex via an endocytic mechanism by B cells and
plasma cells. In this paradigm, any cell could be responsible for
production of the TGFb1. Currently, we do not favor this lat-
ter interpretation because we have been unable to detect bind-
ing of active recombinant TGFb1 to murine IgG. We cannot
currently explain why we have failed to see this when it has
been observed by others (22). We favor the hypothesis that the
TGFb1 bound to IgG is made by antibody-secreting cells. To
obtain evidence to support this, we have assessed the amount
of active TGFb1 bound to monoclonal antibodies purified
from both tissue culture supernatant and from ascites. In fact,
we have found substantial amounts of active TGFb1 associ-
ated with monoclonal antibodies and in these circumstances
the hybridoma cells themselves are both the source of the anti-
body and the source of the TGFb1 (Gresham, H.D., unpub-

ability to augment ingestion of IgG-opsonized E in response to PDBu stimulation was assessed. PMN isolated from SLE patient 1 on a day when 

her plasma TGFb1 level was 13.4 ng/ml (4/6/95) failed to augment ingestion over a wide dose range of PDBu. In contrast, when her plasma level 

returned to normal, 2.2 ng/ml (7/10/95), her PMN phagocytic function was equivalent to the normal control.

Figure 5. Assessment of total 

TGFb1 levels in plasma of SLE 

patients as compared with 

healthy controls (A) and PMN 

phagocytic function of a patient 

with SLE when her plasma 

TGFb1 level was 13.4 ng/ml (B) 

and when it was 2.2 ng/ml (C). 

(A) Platelet-depleted plasma 

was acid-ethanol extracted and 

TGFb1 levels were measured by 

ELISA. Plasma TGFb1 levels 

are significantly higher in pa-

tients with SLE (n 5 18) than in 

normal controls (n 5 9), P 5 

0.038, Mann-Whitney U test. (B 

and C) PMN were isolated from 

a normal control or SLE patient 

1 on two separate days and their 

Figure 6. Effect of IgG-bound TGFb1 purified from SLE patient 2 

on the phagocytic function of autologous PMN. IgG-bound TGFb1 

was purified from platelet-depleted plasma from SLE patient 2 on a 

day when her plasma TGFb1 level was 13 ng/ml (6/21/95) and when it 

was 1.78 ng/ml (11/7/95). Autologous PMN from 4/10/96 (4 3 106) 

were incubated for 1 h at 378C with 150 mg of IgG-bound TGFb1 pu-

rified from either 11/7/95 plasma (, 1 pg active TGFb1) or 6/21/95 

plasma (40 pg active TGFb1) as follows: media control; 11/7/95 IgG-

TGFb1; 6/21/95 IgG-TGFb1; 6/21/95 IgG-TGFb1 preincubated with 

10 mg of isotype control antibody KG7 for 30 min at 08C; and 6/21/95 

IgG-TGFb1 preincubated with 10 mg of anti-TGFb 1D11 monoclonal 

antibody for 30 min at 08C. Treated PMN (2 3 105) were incubated 

with EIgG in the presence of buffer alone or 15 ng/ml of PDBu. After 

30 min at 378C, uningested E were lysed, and phagocytosis was as-

sessed by light microscopy. PI is the amount of EIgG ingested by 100 

PMN. IgG-bound TGFb1 is present in SLE plasma and is fully suffi-

cient to suppress PMN phagocytic function.
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lished observations). Currently, experiments are in progress to
definitively prove that TGFb1 and IgG produced by the same
cell become complexed intracellularly before their secretion.

Originally, we hypothesized that the excessive elaboration
of TGFb in autoimmunity may be a homeostatic mechanism
for suppression of exaggerated and inappropriate immuno-
stimulation (10). This hypothesis was in large part based on the
considerable data indicating that TGFb1 has potent immuno-
suppressive properties and because TGFb1 knockout mice de-
velop a systemic autoimmune disease (12, 13). However, our
data indicate that TGFb1 bound to IgG arises as a consequence
of autoimmunity and that the autoimmune disease progresses
even in the presence of this form of TGFb1. This suggests that
IgG-bound TGFb1 may not be very efficacious in the suppres-
sion of systemic autoimmunity. In this regard, T cells have
been associated most closely with immunosuppression. Evi-
dence for this comes from studies which show that it is TGFb

secreted by CD41 and CD81 T cell clones which is suppressing
autoreactivity in adoptive transfer experiments in experimen-
tal autoimmune encephalomyelitis (20, 41). In addition, the
transfer of hematopoietic and spleen cells from TGFb1 knock-
out mice into irradiated nonautoimmune recipients is suffi-
cient to transfer autoantibody production, indicating the im-
portance of cell-delivered TGFb1 in suppressing autoreactivity
(13). It will be important to determine whether IgG-bound
TGFb1 plays a significant role in feedback inhibition of au-
toreactivity.

Elucidation of the mechanism by which IgG-bound TGFb1
inhibits phagocyte function will be essential to develop thera-
peutic interventions which could enhance host defense against
infection. Secretion of IgG and active TGFb1 as a complex
could allow IgG to serve as a carrier for active TGFb1 in vivo
and thus prolong its half-life in the circulation. This may ac-
count in part for the increased potency of the IgG-bound
TGFb1 complex in vivo. Moreover, the effect of IgG-bound
TGFb1 on phagocyte function could be very different than the
effect of the mature form of TGFb1. IgG could act to deliver
TGFb1 more efficiently to TGFb receptors on PMN or could
even change the surface receptors engaged by TGFb. This pos-
sibility could help to explain some of the discrepancies be-
tween known effects of TGFb1 on phagocytes and what we
have observed in MRL/lpr mice. For example, TGFb1 is
known to suppress activation of the respiratory burst and nitric
oxide production by activated macrophages and suppression
of reactive oxygen and reactive nitrogen metabolites could ex-
plain a failure in bactericidal activity. However, phagocytes
obtained from peritoneal lavages from MRL/lpr mice after i.p.
SA1 challenge are equally able to generate superoxide anion
and nitric oxide when stimulated as compared with phagocytes
from MRL/n mice (Caver, T.E., and H.D. Gresham, unpub-
lished observation). These data are consistent with other ob-
servations indicating increased production of nitric oxide in
MRL/lpr mice (42) and suggest that the IgG-bound TGFb1
present in these mice is not able to suppress formation of these
bactericidal metabolites. In addition, TGFb1 is a known
chemoattractant for PMN (43, 44) and it is difficult to recon-
cile how a cytokine which promotes PMN movement into in-
flammatory sites could suppress host defense against bacterial
infection. One possible explanation for this discrepancy could
come from how PMN respond to IgG-bound TGFb1 versus
soluble active TGFb1.

We believe that the observed defects in PMN phagocytic

function in MRL/lpr mice could explain the decreased clear-
ance of the pathogen from the site of infection. To explore this,
we examined cytospin preparations of cells from peritoneal la-
vages obtained 24 h after i.p. SA1 challenge in both MRL/n
and MRL/lpr mice. Interestingly, even though the lavage from
MRL/lpr mice had . 108 CFU of SA1/ml and increased num-
bers of neutrophils, minimal bacteria were associated with the
PMN. Conversely, examination of the bacterial lavage obtained
from MRL/n mice revealed that phagocytes had surface-asso-
ciated bacteria (Caver, T.E., and H.D. Gresham, unpublished
observations). These data suggest that IgG-bound TGFb1 in-
hibits adhesion of bacteria to activated PMN and therefore
prevents their uptake and destruction. Currently, studies are
underway in our laboratories to determine the molecular
mechanism by which IgG-bound TGFb1 inhibits PMN phago-
cytic function.

Finally, our results confirm those of others (21–23) which
indicate that binding of TGFb1 to IgG dramatically affects its
biologic activity. We have extended this observation to show
that TGFb1 is in the active form inside B cells and plasma
cells, that it is complexed to IgG in the active form, that the
complex of TGFb1 bound to IgG is many times more potent
than recombinant active TGFb1 for suppression of PMN func-
tion in vitro and host defense against S. aureus SA1 infection
in vivo, and that this complex can be found in the plasma of
some patients with SLE.
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