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Review Article

The Role of B Cells in Transplantation Rejection
Tae Jin Kim, M.D.1,2
Division of Immunobiology, Sungkyunkwan University School of Medicine1, Suwon,
Department of Health Sciences and Technology, SAIHST, Sungkyunkwan University2, Seoul, Korea

B cells play a role in graft rejection via several mechanisms. Specifically, B cells produce high-affinity antibodies to alloantigens
including allogeneic major histocompatibility complex (MHC) with the help of follicular helper T cells. B cells also function as
antigen-presenting cells for alloreactive T cells, resulting in the activation of alloreactive T cells. Conversely, the frequency of
regulatory B cells increases under inflammatory conditions and suppresses the rejection process. Here, the differential roles of
the major B cell subpopulations (B-1, follicular B, marginal zone B, and regulatory B cells) involved in transplantation rejection
are discussed together with their interaction with T cells.
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formed by follicular (FO) B cells, which are the major pop-

THE MAJOR SUBSETS OF B CELLS–
FOLLICULAR B, B-1, AND MARGINAL
ZONE B CELLS

ulation of B cells found in lymphoid tissues and blood.
However, besides highly antigen-specific Abs with somatic
hypermutations, some clonotypes of Abs against commonly

B cells are defined by the expression of B cell receptor

encountered antigens from pathogens and altered self large-

(BCR), which is a transmembrane form of immunoglobulin

ly retain germline BCR sequences with no or only a few

associated with associated signaling chains—Ig and Ig. To

somatic mutations and are produced by innate B cells—B-1

produce extremely various kinds of antibodies (Abs), the

cells and marginal zone (MZ) B cells(4,5).

germline BCR genes—heavy and light chain genes—undergo

B-1 and MZ B cells, two types of innate B cells, have

dramatic changes such as genetic V(D)J rearrangements, so-

common features such as excellent antigen presentation for

matic hypermutation, and class switching recombination(1).

T cells and rapid Ab secretion upon infectious events(4,6).

It is well established that the generation of highly anti-

However, they are distinct with respect to the devel-

+

opmental progenitors and anatomical locations. B-1 cells ac-

T cells and the specific interaction of B and CD4 T cells

tively migrate from serosal cavities to the spleen and sites

leads to the germinal center (GC) reaction and their re-

of inflammation upon infection(7,8). On the other hand,

spective differentiation into GC B cells and follicular helper

mouse MZ B cells stay in the spleen, shuttling between MZ

T cells(2,3). This T cell-dependent Ab response is per-

and follicles, in the homeostatic state, and enter into T cell

gen-specific Abs requires the involvement of helper CD4
+

zone and red pulp in response to hematogenous infection(9).
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Therefore, three major subsets of B cells form three different layers of Ab responses. B-1 cells produce natural Abs
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regardless of antigenic challenge, whereas MZ B cells are
a kind of preselected B cells for blood-borne pathogens. FO
B cells are resting cells that are able to generate highly spe-
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cific Abs relatively long periods after antigenic challenge.

+

gen-presenting cells for CD4 T cells(17). Therefore, the in+

teraction between B and CD4

DONOR-SPECIFIC ANTIBODY
PRODUCTION DEPENDS ON FOLLICULAR
HELPER T CELLS

T cells are mutually

cooperative. T cell stimulatory activity of B cells is usually
much poorer than that of dendritic cells (DCs). Upon stimulation with various kinds of pathogens or damage, DCs
dramatically change their shape, migratory property, and

Development of de novo donor-specific Ab (dnDSA) is

costimulatory activity, becoming excellent antigen-present-

an important risk factor for chronic rejection(10). The high

+
ing cells for CD4 T cells. On the other hand, the expression

affinity dnDSA-expressing B cells are not present before the

levels of costimulatory molecules such as MHC class II,

transplantation and their development requires the affinity

CD80, and CD86 is lower in B cells than in DCs. However,

maturation from low affinity donor-specific FO B cells.

antigen presentation of B cells has features distinct from

Upon transplantation, the low affinity donor-specific FO B

those of DCs(18). Firstly, B cells can proliferate after acti-

cells would be stimulated by the alloantigens such as donor

vation differently from DCs that are destined to die in the

MHC molecules, but these FO B cells cannot be fully acti-

lymph node(19). The BCRs they have would be distinct an-

vated and fail to differentiate into GC B cells or plasma cells

tigen-capturing receptors DCs do not have for continuing

+

+

since helper CD4 T cells specific for them would be in-

antigen presentation. Secondly, B cell interaction with CD4

hibited by the T cell-targeted immunosuppressive drugs such

T cells can form a positive feedback loop that would sustain

as calcineurin inhibitors(11). Without T cell help under the

prolonged T cell activation including alloreactive T cells in

condition of T cell-targeted immunosuppression, donor anti-

transplantation(20). B cell-specific deletion of MHC class II

gen-reactive FO B cells undergo cell death or anergy and

showed that B cell antigen presentation is critical for T and

become unable to present antigenic peptide(12,13). However,

B cell activation and differentiation(21). Therefore, B cells

since new FO B cells including low affinity donor-specific

are weak, but long-lasting antigen-presenting cells for CD4

BCRs are continuously produced, the complete tolerance in-

T cells when compared to DCs. Since innate B cells are bet-

duction of donor-specific B cells can not be established.

ter antigen-presenting cells than FO B cells, two types of

Upon tapering of immunosuppression, the gradual increase

innate B cells are thought to have an Ab-independent role

of the dnDSA is observed and when the level of dnDSA

in the rejection(4,6).

+

increases above a certain threshold level of accommodation,
chronic rejection begins(14). The development of high affinity dnDSAs requires the participation of follicular helper

HUMAN B-1 AND MARGINAL
ZONE B CELLS

T (Tfh) cells. As the differentiation of Tfh cells require the
multitude of interactions with B cells through CD40-CD40L,

Differences between human and mouse immune systems

CD28-B7, SLAM-SLAM, ICOS-ICOSL, and more(3), it is

are also appreciated both in B-1 and MZ B cells. In mouse,

interesting to ask how donor-specific Tfh cells are produced

B-1 cells are clearly recognized by their localization in se-

in spite of immunosuppression and whether B cell-derived

rosal cavities, expression of CD11b and CD5 (only in B-1a

signal can induce signals leading to do the development of

cells), natural Ab secretion, and tonic BCR-mediated signal-

donor-specific Tfh cells. The frequency of circulating Tfh

+
ing due to autoreactivity(5,22). In human, CD5 B cells are

cells was shown to be associated with chronic rejection and

+
found in various tissues, and the number of CD5 B cells

B cell activation(15,16).

is expanded in autoimmune diseases(23). Although these
+

human CD5 B cells were initially thought to be human B-1

B CELLS AS ANTIGEN-PRESENTING CELLS

cells(24), the expression of CD5 appeared not be specific for
human B-1 cells since some clear B2 and transitional B cells

+

Although B cells are helped by CD4 T cells for high affinity Ab production, B cells are one of important anti-

2

expressed CD5(25). On the other hand, by addressing basic
+

+

characteristics of mouse B-1 cells in human, CD20 CD27
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+

−

CD43 CD70

B cells were shown to be human B-1 cells

that were present in both umbilical cord and adult periph-

REGULATORY B CELL AND
TOLERANCE TO GRAFT

eral blood(26,27). The antigen presenting function of B-1
+
cells were noted in a CD11b subpopulation of human B-1

Regulatory B (Breg) cells are a B cell population that

cells(28), but their migratory property such as its ability to

suppress immune responses independent of Ab secretion, but

infiltrate into inflamed tissues such as graft has not been

in a manner dependent or not on their IL-10 secre-

yet reported. Therefore, the full spectrum of human B-1

tion(37-39). They can inhibit expansion of effector T cells

cells is not addressed yet and the roles of B-1 cells in trans-

and other pro-inflammatory lymphocytes(40) and, there-

plantation needs to be investigated in more detail.

fore, are a potential candidate for cell-based immunotherapy

The characteristics of human MZ B cells are also differ-

+

for transplantation(41). Breg cells are identified as CD19

ent from those of mouse MZ B cells. The evidence of hu-

CD21highCD23highIgMhigh transitional B cells in mouse(37)

man MZ B cells came from a large population of CD27

+

+
high
+
and CD19 CD24 CD38 B cells in human(42,43) and their

B cells in peripheral blood(29). These cells were initially

development required the presence of SHIP-1(44). In fact,

+

thought to be a type of memory IgM B cells without class

some fraction of B-1 cells also produce IL-10(44), but the

switching recombination since they secreted Ab in the pres-

immunosuppressive potential of MZ B precursor B-10 cells

ence of Staphylococcus aureus Cowan strain and IL-2

appears to stronger than that of B-1 cells(38). As the pro-

(30,31). However, these subset of B cells were shown to be

portion of Breg cells are increased in transplant-tolerant pa-

present even in X-linked hyperIgM patients with no germi-

tients(45,46), the assessment will be very helpful to monitor

nal center reaction, suggesting that they are not bona fide

the plausibility of graft tolerance. Although B cell depletion

memory B cells(32). They were later shown to have many

therapy is helpful to block alloreactive T cells and dnDSA-

+

+

features of mouse MZ B cells although human CD27 IgM

producing B cells, caution should be taken to evaluate the

B cells have the capacity to recirculate and some somatic

danger of Breg cell depletion as well. The BCR specificity

hypermutations differently from mouse MZ B cells(33).

of Breg cells is an important question to address, but the

high

difficulty of the identification of Breg cells (IL-10 secretion

IgD CD23 CD21 CD1c (34). Mouse and human MZ B

is the most reliable marker.) makes the study of Breg cells

cells respond to blood bacteria and also polysaccharide vac-

difficult. It is possible that Breg cells are autoreactive sim-

cines and this response is not found in newborns since the

ilarly to Treg cells(47,48).

Human circulating MZ B cells were identified as IgM
low

−

+

+

MZ B cell development takes a few weeks in mouse and
about two years in human(35). Besides rapid Ab response

CONCLUSION

to blood-borne pathogens, MZ B cells can carry circulating
antigens such as soluble donor-derived antigens to lymphoid

Contrary to previous assumption, B cells are not simply

tissues where alloreactive T cells and FO B cells are present

Ab-producing cells, but have several additional important

so that MZ B cells eventually support FO B cell-driven

functions such as antigen presentation, pro-inflammatory

dnDSA production.

(such as IL-6) or immunosuppressive (such as L-10) cyto-

Collectively, human B-1 and MZ B cells are unique types

kine production, and cooperative interaction with other

of innate B cells that develop and are selected in different

types of immune cells including T cells. Three major B cell

ways. Their Ab secretion may contribute in carbohydrate

subsets—B-1, FO B, and MZ B cells—form different layers

and lipid antigens in transplantation(36), but they have

of Ab production. Whereas dnDSA is produced by FO B

much important Ab-independent functions as antigen-present-

cells through GC reaction and T-B cell interaction, B-1 and

+

ing cells for CD4 T cells.

MZ B cells have important roles in triggering alloreactive
T cell immune responses (Fig. 1). The plausible scenario is
1) infiltration of B-1 cells into graft, 2) formation of tertiary lymphoid tissues in the graft(49), 3) B-1 cell migra-

3
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3) Vinuesa CG, Tangye SG, Moser B, Mackay CR. Follicular
B helper T cells in antibody responses and autoimmunity.
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4) Cerutti A, Cols M, Puga I. Marginal zone B cells: virtues
of innate-like antibody-producing lymphocytes. Nat Rev
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selects for protective effector functions. Nat Rev Immunol
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F. Peritoneal cavity B-1a cells promote peripheral CD4+
T-cell activation. Eur J Immunol 2013;43:2317-26.
Fig. 1. Sequential events in B cells and dendritic cells (DCs) after
transplantation. A plausible scenario of events after transplantation
is depicted. 1) migration of resident DCs into draining lymph node,
2) infiltration of newly host-generated DCs, 3) migration of host
DCs into draining lymph node, 4) infiltration of B cells into graft
(most likely B-1 cells), 5) formation of tertiary lymphoid tissue
within the graft (entrance of B2 cells and naïve and memory T
cells), and 6) migration of B cells into draining lymph node.

7) Moon H, Lee JG, Shin SH, Kim TJ. LPS-induced migration
of peritoneal B-1 cells is associated with upregulation of
CXCR4 and increased migratory sensitivity to CXCL12. J
Korean Med Sci 2012;27:27-35.
8) Ha SA, Tsuji M, Suzuki K, Meek B, Yasuda N, Kaisho T,
et al. Regulation of B1 cell migration by signals through
Toll-like receptors. J Exp Med 2006;203:2541-50.
9) Cinamon G, Zachariah MA, Lam OM, Foss FW Jr, Cyster

tion to lymphoid tissues for presentation of antigens to alloreactive T cells, 4) activation of alloreactive T cells in the
secondary or tertiary lymphoid tissues, and 5) the interaction between activated alloreactive T cells and FO B cells

JG. Follicular shuttling of marginal zone B cells facilitates
antigen transport. Nat Immunol 2008;9:54-62.
10) Wiebe C, Gibson IW, Blydt-Hansen TD, Pochinco D, Birk
PE, Ho J, et al. Rates and determinants of progression to
graft failure in kidney allograft recipients with de novo

for the generation of dnDSAs. In this scenario, Breg cells

donor-specific antibody. Am J Transplant 2015;15:2921-30.

are not depicted, but the contribution of Breg cells is anoth-

11) Thaunat O, Koenig A, Leibler C, Grimbert P. Effect of im-

er important factor that determine the fate of rejection or

munosuppressive drugs on humoral allosensitization after

tolerance. It will important to address how we can favor the
infiltration of Breg cells, not pro-inflammatory B cells, into
the graft.

kidney transplant. J Am Soc Nephrol 2016;27:1890-900.
12) O'Neill SK, Veselits ML, Zhang M, Labno C, Cao Y, Finnegan
A, et al. Endocytic sequestration of the B cell antigen receptor and toll-like receptor 9 in anergic cells. Proc Natl
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