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INTRODUCTION

Repertoires of naturally occurring self-reactive antibodies (Ab) of different isotypes have

been intensively studied during the last four decades (1–10). These autoantibodies have been

termed “naturally occurring” as they are produced at birth in the absence of exposure to

foreign antigens. The full repertoire of these autoantibodies develops by early childhood.

Data in mice show that these naturally occurring autoantibodies have low binding affinity

and are produced by a subset of B cells termed B1 cells as these B cells are the first to

develop during ontogeny. These B1 cells produce predominantly IgM autoantibodies,

independently of T cell help, and exhibit an enhanced response to innate immune signals

such as TLR agonist. Hence B1 cells differ from B2 cells in that the response of B1 cells in-

vivo can be driven by TLR agonists independently of their BCR specificity (11–14).

Additionally, there is data to indicate that autoantibody producing B1 cells, unlike self-

reactive T cells, are positively selected for their self-reactivity thus implying that natural

autoantibodies are conserved by design (15). Further support for their importance comes

from studies in mice demonstrating that B1 cells can contribute up to 80% of circulating

IgM (16). However in both rodents and humans, these IgM autoantibodies decline with age,

especially after the fifth decade in humans (17, 18).

Naturally occurring IgM autoantibodies are encoded by minimally or non-mutated germ line

genes and are characteristically polyreactive with low binding affinity and therefore differ

from disease-producing autoantibodies in that the latter are predominantly of the IgG isotype

and bind with high affinity and specificity to the auto-antigen. IgM natural autoantibodies

have been shown to be polyclonal with clones having specificity for different self-antigens,

some of which have been identified e.g. clones producing IgM with specificity for leucocyte

receptors (IgM-ALA), IgG (rheumatoid factor), complement components and neo-antigens

that are exposed when lipids are oxidised or cells undergo apoptosis (7–10, 19, 20, 21).

These naturally occurring antibodies, by virtue of being polyreactive, also cross-react with

pathogen expressed molecules, including phosphorylcholine on streptococcus pneumoniae

and other antigens expressed by various viruses and parasites (20,21). Hence, it has been

suggested that these natural IgM antibodies are protective, serving as a first line of defense

against infections and in addition, protecting the host from neo-antigen induced
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inflammatory responses. For example, natural IgM autoantibodies, specific for exposed neo-

determinants such as phosphorylcholine (PC), present on apoptotic cells and oxidized lipids,

have been shown to have anti-inflammatory properties in mouse models of arthritis and

atherosclerosis (21). Potential mechanisms for inhibiting inflammation include masking of

neo-antigens by natural IgM and rendering DC ineffective through DC phagocytosis of IgM

coated apoptotic cells. Similarly, mice with B cells having a specific defect in IgM secretion,

have an increased mortality when infected with either influenza virus or Streptococcus

pneumoniae bacteria, even though their B cells and other immunoglobulin levels are normal

(20). Such mice, unlike their wild-type counterpart, lack the protective natural IgM

antibodies, which in their wild-type counterpart, increase rapidly after such infections.

In this review, we will present our observations on naturally occurring IgM anti-leucocyte

autoantibodies (IgM-ALA) which were initially discovered because of their binding

reactivity to lymphocytes (reviewed in 19). B1 lymphocytes producing IgM-ALA can be

found in the umbilical cord blood in humans and mice and there is evidence to indicate that

IgM-ALA secreting B1 cells are positively selected for their self-reactivity as gene-targeted

mice, lacking the Thy-1 antigen (CD90), fail to develop B1 cells secreting IgM-ALA with

specificity for the Thy-1 antigen on thymocytes (15,22–24). These IgM-ALA are present at

low levels in normal individuals but increase during inflammatory disorders (e.g. sarcoidosis

and end stage renal disease) and after various infections e.g. HIV and malaria (reviewed in

Ref 19). Prior studies have demonstrated that IgM-ALA comprise a heterogeneous group of

several antibodies each with specificity for a different leucocyte receptor, many of which are

undefined (19). Some of these receptors contain phospholipids and glycolipids. IgM-ALA

are not cytolytic at 37° even though these antibodies fix complement and are cytolytic at

colder temperatures i.e. 18–20° (19). Both, the lack of cytolytic activity at body temperature

and the observed increase in IgM-ALA with different inflammatory and infected states,

prompted us to hypothesize that IgM-ALA are designed as such to regulate leucocyte

function. Such a hypothesis, we argued, would favor the need for low affinity binding and

for positively selecting for B1 cells despite their self-reactivity. Support for such a

hypothesis also came from observations we and others made in renal and cardiac transplant

recipients where the subset of patients with high levels of IgM-ALA, at time of transplant,

had significantly less allograft rejections and better graft survival (19, 25). We investigated

our hypothesis by initially doing in-vitro studies with polyclonal human IgM purified from

human serum and monoclonal human IgM isolated from human umbilical cord B cell

clones. Secondly, we studied the role of polyclonal murine IgM (purified from serum) in

attenuating inflammation in murine models of renal ischemia reperfusion injury (IRI),

cardiac allograft rejection and autoimmune mediated insulitis. Details of the studies briefly

described in the next few pages can be obtained from our previously published manuscripts

(19, 25–27).

Human umbilical cord B cell clones produce IgM-ALA that exhibit leucocyte receptor
specificity

In human studies, we initially wanted to determine if IgM-ALA exhibited receptor

specificity. It was important to examine this question as natural IgM is polyreactive and

could nonspecifically bind to carbohydrate moieties on leucocyte receptors. We approached
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this question by evaluating monoclonal IgM secreted by B cell clones generated from human

umbilical cord blood. Initially, we observed that more than 90% of human B cell clones

were IgM secreting and with about 10% of these IgM clones having IgM-ALA activity. This

initial finding demonstrating that the vast majority of IgM monoclonal antibodies failed to

bind to leucocytes, argued against the possibility that human IgM bound to leucocytes via

Fcμ receptors. Secondly, these findings prompted us to identify if IgM-ALA monoclonal

antibodies had leucocyte receptor specificity. We approached this question by interacting

human IgM-ALA monoclonal antibodies with different human cell lines and observed that

some of the IgM-ALA monoclonal antibodies only bound to receptors on T cells while other

monoclonals bound to receptors expressed by all leucocytes or only to NK cells or B cells

(19,25,26). These data clearly indicated that IgM-ALA had leucocyte receptor specificity

and that binding of IgM-ALA to human leucocytes was not mediated via Fcμ receptors,

which in humans is expressed by both B and T cells. We went on to show that a subset of

human monoclonal IgM, having T cell reactivity, immune-precipitated CD4 from cell

lysates.

Polyclonal IgM from different human sera differ in their repertoire for receptor binding and
can regulate lymphocyte function in -vitro

Polyclonal IgM, purified from serum by size exclusion chromatography, and obtained from

sera of normal individuals, HIV infected patients and end stage renal dialysis (ESRD)

patients immune-precipitated CD3, CD4, CCR5 and CXCR4 from cell lysates of leucocyte

cell lines (25,26). Interestingly, the repertoire of IgM-ALA varied among individuals

especially patients. For example, certain HIV infected patients had high levels of IgM anti-

CXCR4 and minimal anti-CCR5 while other patients had high anti-CCR5 reactivity and

minimal anti-CXCR4 reactivity.

These IgM-ALA had functional activity, as in in-vitro studies, addition of polyclonal IgM,

but not IgG or Waldenstrom IgM lacking IgM-ALA, inhibited several lymphocyte functions

(19,25,26). IgM downregulated expression of CD4, CD2 and CD86 but not CD8 and CD28

on human peripheral blood lymphocytes (PBL) activated with alloantigens (MLR).

Additionally, purified polyclonal IgM from normal, ESRD and HIV patients inhibited the

increased production of TNF-α, IL-13 and IL-2 but not IFN-γ, IL-6, IL-8, MCP-1 and MIG

when PBL were activated in an MLR. Both T cell proliferation, induced by anti-CD3 or by

alloantigens, and Zap-70 phosphorylation induced by anti-CD3 were similarly inhibited by

polyclonal IgM from normals and patients although more inhibitory activity was observed

with patient IgM. Finally, polyclonal IgM inhibited binding of biotin labelled CXCL12 and

CCL3 to their respective chemokine receptors and in addition inhibited chemotaxis induced

by these chemokines in a dose dependent manner. Similar data as with pentameric IgM were

also obtained using polyclonal monomeric IgM thus questioning nature’s purpose for

designing the pentameric molecule.

In summary, the in-vitro data with human IgM would indicate that IgM-ALA regulates

leucocyte function by downmodulating and blocking certain leucocyte receptors. IgM does

not broadly inhibit production of all pro-inflammatory cytokines but regulates leucocyte

activation, proliferation and chemotaxis to avert excess immunosuppression. The marked

Lobo et al. Page 3

J Clin Immunol. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



individual variation in the repertoire of IgM, with specificity to the different leucocyte

receptors, observed in both normal and disease states, could potentially explain the

differences in the vigor and character of inflammatory responses in different individuals

exposed to the same inciting agent.

Murine polyclonal IgM regulate murine NK, NKT and T cells in-vitro

Like human IgM, serum purified polyclonal murine IgM immunoprecipitates several

different membrane receptors present in cell lysates from leucocyte cell lines. Additionally,

with flow cytometry, we could demonstrate higher binding of IgM to membrane receptors

expressed by unactivated DC, neutrophils and B cells and low binding to unactivated T

cells. However, IgM binding to all leucocytes, including T cells, was increased to high

levels after cells were activated.

We next determined if polyclonal murine IgM, purified from serum by size exclusion

chromatography, inhibited lymphocyte function in-vitro (26). In these studies, polyclonal

murine IgM markedly decreased (>80%) the production of IFN- by NK and NKT cells when

activated with α-galalactosyl-ceramide. Similarly, IgM was tested on T cells activated with

either LPS/anti-CD3 or with alloantigens (MLR). In the in-vitro T cell activation, different

cytokines were added to the cultures to optimize conditions for T cell differentiation into

TH-1, TH-2, TH-17 and Treg cells. In these in-vitro studies, we showed that IgM inhibited T

cell proliferation and differentiation into TH-1 and TH-17 cells even when IgM was added 2

days after activation. Importantly, polyclonal IgM, when pre-adsorbed with leucocytes,

failed to inhibit T cell proliferation and differentiation indicating that the inhibitory effect of

polyclonal IgM is mediated by the IgM-ALA subset. Additionally, IgM induced

differentiation of FOXp3+ Tregs from CD4+CD25− FOXp3- T cells and prevented flow

sorted FOXp3+ Tregs from differentiating into TH-17 cells under TH-17 cytokine

conditions. Murine polyclonal IgG, isolated from the same sera, had no inhibitory effect in

these in-vitro studies.

In summary, these in-vitro studies indicated that IgM-ALA by binding to leucocyte

receptors, inhibit the pro-inflammatory function of NK, NKT and T cells and promotes Treg

differentiation to suppress inflammation. It is possible that some of the IgM-ALA mediated

inhibitory effects on murine leucocytes could involve Fcα/μ receptors present on splenic DC

(28). However the lack of IgM mediated TH-1 and TH-17 inhibition, using IgM depleted of

IgM-ALA, would argue against this mechanism. Similarly, the participation of Fcμ

receptors, mediating these inhibitory effects on DC and T cells, is highly unlikely, as in the

mouse, these receptors are not expressed by DC and T cells but are highly expressed on B

cells(29).

Both, the strong association between high IgM-ALA levels and reduced rejection after

human allograft transplantation and the in-vitro studies demonstrating that human and

murine IgM regulate lymphocyte function via specific binding of IgM-ALA to leucocyte

receptors, prompted us to use murine models to determine if IgM-ALA attenuates

inflammation in-vivo. In these murine models, we tested the regulatory role of IgM on

inflammation mediated by innate immune mechanisms i.e. renal ischemic reperfusion injury

Lobo et al. Page 4

J Clin Immunol. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



(IRI), by adaptive immune mechanisms i.e. cardiac allograft transplantation and by

autoimmune mediated mechanisms i.e. insulitis in NOD mice (26,27).

IgM-ALA inhibits in-vivo inflammation mediated by innate immune mechanisms in renal IRI

Because polyclonal murine IgM inhibited the in-vitro activation of NK and NKT cells by α-

galalactosyl-ceramide, we proceeded to determine if polyclonal IgM inhibited the in-vivo

inflammatory response that occurs after kidney ischemia reperfusion injury (IRI) and where

the inflammation is initiated by DC activation of NK and NKT cells. We used two

approaches to test the protective role of IgM in the suppression of this innate inflammatory

response. First, we performed renal IRI in B6/S4-IgMko mice that lack circulating IgM but

have normal levels of other immunoglobulins. These mice have normal or increased levels

of Tregs, B regs and IL-10 and their normal functioning B cells express membrane IgM but

are unable to secrete the IgM. Unlike their WT counterpart, we demonstrated that these mice

are very sensitive to renal ischemia, developing acute kidney injury with ischemia times that

are insufficient to cause kidney injury in their WT counterpart (Fig 1). Replenishing IgM in

the IgMko mice, to achieve serum levels similar to that in their WT counterparts, protected

these IgMko mice from developing renal IRI with mild ischemia, thus indicating that

sensitivity to ischemia in the IgMko mice resulted from a lack of circulating IgM (Fig 1).

In the second approach, normal purified polyclonal IgM was administered intravenously to

wild type C57BL6 (WT-B6) mice to increase circulating IgM by about 30 to 50% and to

determine if increasing IgM would protect these WT-B6 from severe renal ischemia. These

studies clearly indicated that increasing circulating IgM levels protected mice from severe

renal IRI (Fig 1). We next determined that this protection was mediated by IgM-ALA as

administering similar quantity of polyclonal IgM pre-adsorbed with splenic leucocytes,

failed to protect these WT-B6 mice from severe renal IRI (Fig 1).

Further studies were performed to determine the mechanism by which polyclonal IgM

protects against renal IRI. On histology, protected kidneys subjected to ischemia, exhibited

minimal inflammatory response after severe ischemic injury and the cortico-medullary

tubules were well preserved (26). We wanted to determine how IgM interrupts the ischemia

induced inflammatory process.

Damage-associated molecular patterns (DAMPS) and glycolipids released from ischemic

tubules and endothelial cells are taken up by resident DC which get activated and in turn

activate NK and NKT cells either locally or in the spleen. Activated NK and NKT cells then

activate the inflammatory effector cells, predominantly granulocytes and macrophages,

which infiltrate the ischemic kidney and mediate the tubular damage. Inflammatory effector

cells are attracted to ischemic tubular cells as a result of increased tubular and endothelial

cell chemokine production. Both ischemia and the release of DAMPS, leads to TLR up-

regulation and activation on tubular and endothelial cells with resulting NF-kβ mediated

chemokine production.

Based on the in-vitro studies, polyclonal IgM could possibly inhibit NK and NKT cell

mediated activation of inflammatory effectors. Secondly, we wanted to determine if IgM

inhibited TLR up-regulation and chemokine production from ischemic tubules and
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endothelial cells. To examine this question, we evaluated kidneys at about 3 hours post

ischemia i.e. before infiltration of inflammatory effectors. Immuno-histochemical staining of

tissue sections revealed that IgM pretreated mice had significantly less TLR up-regulation

on both tubular and endothelial cells at 3 hours post-ischemia and in addition, these cells

produced less chemokines. Both these histological observations were confirmed by mRNA

levels (26). These studies would therefore indicate that IgM in-vivo protects against renal

IRI by inhibiting TLR upregulation of ischemic tubules and endothelial cells. It is also

possible that IgM also inhibits NK and NKT cell activation in-vivo.

Polyclonal IgM inhibits in-vivo inflammation mediated by adaptive immune mechanisms in
allograft transplantation

Because the in vitro studies demonstrated that IgM inhibited alloantigen-activated T cell

proliferation and differentiation into Th-1 and Th-17, we performed studies aimed at

determining whether IgM could also inhibit allograft rejection, which is an in vivo model of

inflammation mediated by alloantigen-activated T cells (26). Two approaches were used.

First, cardiac transplants were performed in B6/S4-IgMko mice using B6-bm12 donor

hearts, which are mostly incompatible at the MHC class II locus (Ia). In this transplant

model, there is a chronic from of cellular rejection and a vasculopathy that is initiated by a T

cell-mediated inflammatory process not involving anti-MHC Abs. As a result, a rejection-

induced decrease in cardiac function is detected between days 17 and 28, when, with finger

palpation, one can clearly detect a diminution in cardiac contractility. However, cardiac

allograft ceases having a heart beat at 2–3 mo in this model. In Fig 2, one can observe that

rejection (defined by a decrease in cardiac contractility) occurs significantly earlier (i.e.,

between days 10 and 18), when B6-bm12 donor hearts are transplanted into B6/S4-IgMko

recipients. Furthermore, Fig 2, clearly shows that, by day 10, the rejection-induced

inflammatory process in cardiac allografts is severe when transplanted into B6/S4-IgMko

recipients but is minimal in WT-B6/S4 recipients. Additionally, cardiac allografts in B6/S4-

IgMko recipients cease having a heart beat in 2–3 weeks, which is significantly earlier

compared with their WT-B6/S4 counterparts, in which cessation of heart beat occurs after

>2 mo.

In the second approach, we wanted to determine whether IgM, when administered to WT-B6

mice, inhibited the severe and rapid rejection that occurs in the setting of fully MHC-

incompatible donor hearts (i.e., from BALB/c donors). In this model, rejection in WT-B6

recipients is detectable by day 5 with finger palpation, and the heart ceases having a heart

beat by days 7–9 (26). In these studies, 175 μg IgM was administered 24 h after ascertaining

that cardiac surgery was successful, and the dose of IgM was repeated on days 3 and 5. Mice

were euthanized on day 6. Fig 2 clearly shows that IgM inhibited the severe inflammation in

the cardiac allograft induced by rejection on day 6, as detected by H&E staining and

immunofluorescence staining for neutrophils (7/4) and T cells (CD3). Importantly, with

immunohistochemistry, this lack of leukocyte infiltration in the cardiac parenchyma of IgM-

treated recipients was also associated with decreased CXCL1 production and with no or

minimal fragmentation of capillaries, as identified by the endothelial cell marker CD31 (Fig

2).
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Polyclonal IgM inhibits in-vivo inflammation mediated by auto-immune mechanisms

Because the in-vitro studies demonstrated that polyclonal IgM inhibited anti-CD3 activated

T cell proliferation and differentiation into Th-1 and Th-17cells, we performed studies

aimed at determining whether IgM could also inhibit T cell mediated auto-immune insulitis

that results in islet cell destruction and diabetes mellitus (DM) in NOD mice (27). In these

mice, the autoimmune inflammatory process begins spontaneously around 4 to 5 weeks after

birth and the initial phase is characterized by a silent and non-destructive infiltration of the

perivascular and periductal regions in the pancreas as well as the peripheral islet regions by

a heterogeneous mixture of CD4 and CD8 T cells, B cells, macrophages and DC (peri-

insulitis). In the invasive phase that begins at 8–12 weeks of age, the immune infiltrate

enters the islet inducing beta cell destruction (insulitis). Significant destruction first becomes

evident around 12 to 13 weeks of age with mice exhibiting overt diabetes (DM).

In these studies, we wanted to determine the effect of increasing IgM levels on development

of DM. NOD mice were administered bi-weekly intra-peritoneal polyclonal IgM (50μg/

dose) beginning either at 5 or 11 weeks of age and ending when mice were 18weeks old. At

25 weeks of age, 80% of control mice(n=30) became diabetic, while 0% of mice (n=30)

treated with IgM beginning at 5 weeks developed DM. Importantly, only 20% of pre-

diabetic mice (n=20) treated with IgM beginning at 11 weeks of age developed DM at 25

weeks of age. This latter observation is particularly notable as prior studies using co-

stimulatory blockade failed to prevent DM in this murine model. Histological examination

of pancreas at 18 to 25 weeks of age, revealed no or minimal insulitis in NOD mice treated

with IgM beginning at 5 weeks of age.

Bone marrow DC (BMDC) pretreated with IgM in-vitro protect against renal IRI

Prior observations demonstrating high IgM binding to DC prompted us to evaluate whether

the in-vivo anti-inflammatory effects of higher IgM levels were mediated via IgM regulation

of DC. To examine this question, we cultured BMDC with IgM in the presence of LPS for

48 hours and after washing, administered 0.5×106 BMDC intravenously into mice. 24 hours

later, mice were subjected to severe IRI. Preliminary data indicates that mice infused with

IgM/LPS pre-treated BMDC were protected to a similar extent as with intravenous IgM,

while mice infused with LPS or IgG/LPS pretreated BMDC were not protected. Similar data

were obtained when murine BMDC were pre-treated with human IgM. Hence, one

mechanism for IgM mediated protection could involve regulation of DC and these

observations raise the possibility of cell based therapy requiring the use of less IgM and

obviating the need for intravenous IgM therapy.

Summary

Several investigators have demonstrated that natural IgM has anti-inflammatory properties

and have proposed different mechanisms depending upon the specificity of these natural

IgM autoantibodies. A monoclonal murine IgM autoantibody with specificity for

phosphorylcholine (PC) present on oxidized lipids and apoptotic cells prevents

atherosclerotic disease in mice and also inhibits inflammation in a murine model of arthritis

(reviewed in 21). Similarly, natural IgM autoantibodies have been shown to protect mice

from influenza virus infection and strept pneumococcal infection (reviewed in ref 20). In our
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studies we show that polyclonal natural IgM protects mice from inflammation induced

injury that occurs after renal ischemia reperfusion injury (IRI), autoimmune diabetes in

NOD mice and cardiac allograft rejection. In our in-vivo model of renal IRI, we show that

protection is mediated by IgM-ALA autoantibodies. It is important to stress that in all these

in-vivo inflammatory models, prevention or control of inflammation required natural IgM,

even though mice had the normal repertoire of other suppressive mechanisms including

Tregs, B regs and IL-10. Particularly interesting is the control of renal IRI induced

inflammation with DC pretreated in-vitro with IgM-ALA. The latter may have relevance for

cell based therapy.
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Figure 1.
Fig. 1a – B6/S4-IgMko mice are more sensitive to renal IRI when compared to their WT

counterparts. In Fig. 1a, kidneys from B6/S4-IgMko mice and their WT counterparts were

subjected to mild ischemia (26 min) and then reperfused. Data depict 24 hr plasma

creatinine comparing WT mice with B6/S4-IgMko mice, and B6/S4-IgMko pretreated with

240μg IgM, 24 hrs before ischemic injury. Representative data from one of four experiments

is also presented comparing H&E staining of renal outer medulla between B6/S4-IgMko and

WT after 24 hours of reperfusion. Fig. 1b and 1c - Polyclonal IgM but not leucocyte

adsorbed IgM (Leu-Ads IgM) protects against renal IRI in WT-B6 mice. In these studies

WT-B6 mice were pretreated with equal quantities (150μg in 0.75ml) of IgM or Leu-Ads

IgM or IgG, 24 hrs before subjecting the kidneys to severe ischemia (32 mins). Kidneys

were reperfused for 24 hrs prior to determining plasma creatinine and obtaining kidneys for

histology. Control mice were pretreated with 0.75 ml RPMI containing 150μg bovine

albumin to exclude variables such as volume/colloid that can protect against ischemic injury.

5 to 7 mice were used for each group in Fig. 1. A student’s t- test was used to calculate p

values in Fig. 1a while in Fig. 1b, a two way ANOVA test was used. Values are mean ±

SEM.
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Figure 2.
Fig. 2a – Allograft rejection is more rapid and severe in B6/S4-IgMko. In Fig. 2a, B6/S4-

IgMko mice and their WT counterparts received cardiac allografts from B6-bm-12 donors

that are only incompatible at the MHC-Ia locus. Fig. 2a depicts the post transplant day when

cardiac contractility was found to be decreased by finger palpation. Fig. 2a also presents

data on B6-bm12 cardiac allograft histology on Day 10 post transplant. This is a

representative example from 3 mice in each group that were sacrificed on day 10 to 12 post

transplant. Fig 2b – More severe rejection in B6/S4-IgMko is not due to deficient Treg

function. Severe cardiac allograft rejection in B6/S4-IgMko is associated with abundant

TH-17 cells as well as with abundant CD4+Foxp3+ T cells. B6-bm12 cardiac allografts

from mice in Fig. 2b were examined by immunofluorescence staining for CD4+Foxp3+

cells and by immunohistochemistry for TH-17 cells (stained brown). With

immunofluoresence microscopy 12 fields (x400 magnification) were evaluated on each slide

to quantitate Foxp3+ cells and IL-17+ cells. The average number of Foxp3+ cells in each

field for WT-B6 and IgMko was 17.5 and 18.6 respectively. Representative examples from

one of the 3 mice in each group are depicted. Fig. 2c Polyclonal IgM protects WT-B6 mice

from allograft rejection. In these studies WT-B6 mice received cardiac allografts from

Balb/c donors that are fully MHC incompatible. One group of mice received 175μg IgM on

Day 1, 3 and 5 after the cardiac transplant. The control group received 3 doses of RPMI with

175μg bovine albumin. Mice were sacrificed on Day 6. H&E and immunofluorescence

staining were performed on cardiac allografts. In middle panel, sections were stained for

neutrophils (7/4, green) and CD3+ T cells (white). In panel to the right, capillary endothelial

cells were labeled with CD31 (anti-PCAM, white) and CXCL-1 (red). Representative
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examples from one of the three mice in each group are depicted. Note that the CD31 staining

capillaries were well preserved in mice receiving polyclonal IgM.
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