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Following kidney transplantation, antibody-mediated rejection (AMR) occurs when the
antibodies of the immune system attack the transplanted organ, leading to damage of
the kidney tissue. De novo human leukocyte antigen donor-specific antibodies (HLA-
DSAs) play a key role in AMR. Current therapeutic approaches include intravenous
immunoglobulin, anti-CD20 antibodies, and plasmapheresis. In cases resistant to
treatment, proteasome inhibitors and C5 inhibitors may be employed. Nevertheless, a
pressing need exists for new medications to improve transplant survival and reduce
complications. In the context of AMR, interleukin (IL)-6 is instrumental in the develop-
ment and maturation of B cells into plasma cells, which then produce HLA-DSAs tar-
geting the allograft. IL-6 inhibitors are currently under investigation and show promise
due to the essential role of IL-6 in the immune response; however, additional research is
necessary.
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INTRODUCTION

Kidney transplantation (KT) offers substantial benefits to
many patients. While the success rate of the procedure
depends on multiple factors, it is generally quite high. The
1-year survival rate for KT exceeds 90%, while the 10-year
rate is around 77.6% [1,2]. As such, KT often represents
a vital life-extending treatment. However, it necessitates
ongoing management and involves a complex regimen of
immunosuppressants to prevent rejection, which is a cen-
tral aspect of care [1,3].

Interleukin (IL)-6 is a key cytokine involved in inflam-
mation and immune responses. Following KT, the immune
system may recognize the new kidney as a foreign entity
and initiate a rejection reaction, potentially causing the
body to reject the transplanted organ. Rejected organs
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can suffer functional loss. Consequently, IL-6 is crucial
in managing rejection after a transplant, and IL-6 inhib-
itors may be employed to prevent this rejection [4]. IL-6
inhibitors can be used in combination with other immu-
nosuppressants following KT to suppress organ rejection,
maintain organ function, and extend patient survival. This
review article discusses the use of IL-6 inhibitors in KT,
highlighting their importance and the necessity for ongo-
ing research in this area [5].

DEVELOPMENT OF CHRONIC ACTIVE
ANTIBODY-MEDIATED REJECTION

New human leukocyte antigen donor-specific antibodies



CTR¢

HIGHLIGHTS

* Following kidney transplantation, antibody-mediated
rejection (AMR) occurs when the antibodies of the im-
mune system attack the transplanted organ, leading to
damage of the kidney tissue.

* Immunosuppressants play a crucial role in the treat-
ment or prevention of chronic active AMR.

* Treatment options include intravenous immunoglobu-
lin, anti-CD20 antibodies, and plasmapheresis.

* For resistant cases, proteasome inhibitors and C5 in-
hibitors may be employed.

* Ongoing research is focused on interleukin-6 inhibitors,
with studies expected to continue.

(HLA-DSAs) can be produced within the first few months
following transplantation, but they more frequently arise
later, after an average of 4 to 5 years [6]. The development
of these antibodies is linked to several factors, including
HLA class Il mismatch (particularly HLA-DR/DQ), younger
recipient age, history of T cell-mediated rejection (TCMR),
and immunosuppressive status. Within the afferent lym-
phatic vessels, alloantigens are captured by subcapsular
macrophages. These antigens are then presented to T
cells and B cells, which are subsequently transferred to
follicular dendritic cells. This interaction activates the
cells at the T-B border. T cells then migrate to the germi-
nal center, where they differentiate into T follicular helper
cells. When B cells with high antigen affinity are reacti-
vated by these T follicular helper cells, they transform into
antibody-secreting cells, leading to the production of de
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novo DSAs. By employing single antigen bead technology,
most transplant centers can now avoid preformed HLA-
DSAs. Consequently, de novo HLA-DSA formation is cur-
rently the most prevalent cause of antibody-mediated re-
jection (AMR), both subclinical and clinical. This condition
can progress to chronic active AMR (caAMR), resulting in
transplant glomerulopathy and graft loss. Consequently,
understanding the natural history of de novo HLA-DSA
is valuable for developing new strategies to prevent and
treat both AMR and caAMR (Fig. 1) [2,7,8].

When DSAs are generated, the C1 complex is activat-
ed; this leads to the production of complement fragments
C3a and C5a, followed by C3b. C5 is then cleaved into C5a
and C5b. C4d remains bound to the vascular endothelial
cells at the site of complement activation. The compo-
nents C5b through C9 sequentially bind to form the mem-
brane attack complex, which disrupts the membranes
of vascular endothelial cells. C3a and C5a function as
anaphylatoxins, promoting the migration of inflammatory
cells. Natural killer cells and monocytes—which bind to
immunoglobulin G through their Fc gamma receptors—
produce proinflammatory cytokines, exacerbating en-
dothelial damage [2,3]. This cascade of events begins to
harm vascular endothelial cells, peritubular capillaries,
and glomeruli, ultimately leading to tissue repair and ir-
reversible graft dysfunction. Higher titers of DSAs have
been associated with increased graft loss (Fig. 2) [2,6].

To diagnose caAMR, a renal biopsy is typically con-
ducted, on which de novo DSAs can be detected with a
probability of 25% to 75%. Furthermore, the detection of
tubulitis and/or graft glomerulopathy on the biopsy can
inform predictions of graft survival [2,4,8].
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THERAPEUTIC APPROACH FOR CHRONIC
ACTIVE ANTIBODY-MEDIATED REJECTION

Active AMR is characterized by microvascular inflam-
mation, including features such as moderate transplant
glomerulitis and peritubular capillaritis. These findings
are indicative of endothelial injury and ischemic damage
resulting from DSAs. C4d staining serves as a marker for
complement activation in AMR by DSAs, and linear C4d
staining on peritubular capillaries is also suggestive of
AMR [9].

Currently, no U.S. Food and Drug Administration
(FDA)-approved treatment for caAMR is available. How-
ever, plasmapheresis, intravenous immunoglobulin (IVIG),
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steroids, and anti-CD20 antibodies are commonly used to
remove circulating DSA. The application of other thera-
pies varies considerably [10,11]. A systematic review pub-
lished in 2023 [3] indicates that plasmapheresis and IVIG
have become the standard of care for the treatment of ac-
tive AMR. Furthermore, reports from the European Society
for Organ Transplantation recommend plasmapheresis,
IVIG, steroids, and rituximab as treatment options [2,9,12].

If rejection occurs less than 30 days after transplanta-
tion, the treatment regimen includes plasmapheresis, IVIG,
and high-dose steroids, and it may also involve rituximab
and eculizumab. In cases of rejection occurring more
than 30 days after transplant, clinicians should focus on
maintaining optimal immunosuppression while address-
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ing any concomitant TCMR. For chronic rejection changes
observed more than 30 days posttransplant, therapeutic
options such as plasmapheresis, IVIG, high-dose steroids,
or rituximab may be considered, particularly in the pres-
ence of preexisting DSAs [3,4,13].

Typically, the treatment of caAMR begins with ritux-
imab, IVIG, and plasmapheresis. To eliminate antibodies,
recommendations favor administering a low dose of IVIG
(0.1 g/kg) after plasmapheresis or a high dose (2 g/kg)
following the final plasmapheresis session. Anti-CD20
antibodies, another therapeutic option, work by depleting
B cells to inhibit AMR. In cases of AMR that are resistant
to standard treatments, clinicians may resort to protea-
some inhibitors and C5 inhibitors. Proteasome inhibitors
target plasma cells, while C5 inhibitors act on C5, a com-
ponent of the immune response. However, the therapeu-
tic efficacy of these agents has not been conclusively
demonstrated in large-scale studies [12—-16].

According to a recently published randomized con-
trolled trial, IL-6 inhibitors can be used in the treatment
and prevention of caAMR. IL-6 supports the development
and maturation of B cells, which can then produce HLA-
DSAs targeting the allograft. In addition to B cell matu-
ration, this IL regulates germinal center activation. The
production of IL-6 by antigen-presenting cells induces
the production of IL-21 by naive T cells. This leads to the
maturation of these T cells into T follicular helper cells,
characterized by the expression of CXCR5, IL-21, and the
transcription factor Bcl-6. Naive B cells migrate to the
germinal centers in response to CXCR5+ T follicular helper
cells. This stimulates the maturation of B cells into memo-
ry B cells and IL-6—producing plasmablasts, which in turn
promote the formation of germinal centers and the pro-
gression to antibody-producing plasma cells (Fig. 3) [13].

Plasma cells exhibit the highest density of IL-6 recep-
tors among B cell subsets, indicating the key role of IL-6
in pathogenic antibody production and subsequent tissue
injury. Furthermore, alloimmune responses can stimulate
vascular endothelial cells to express IL-6. This amplifies
T effector and B cell responses, leading to vasculitis and
fibrotic changes [13,17]. The IL-6 receptor monoclonal
antibody inhibits appropriate B cell activation and differ-
entiation while impacting the generation of plasma cells.
In principle, this mechanism should regulate caAMR [13].

A survey was conducted regarding caAMR following
KT in Europe. The aim of the study was to assess the pre-
vailing European practices for diagnosing and managing
caAMR, as well as to understand the protocols for post-
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transplant surveillance during the first year following KT.
Participating European transplant nephrologists, trans-
plant surgeons, and nephrologists completed a 15-min-
ute online survey, which included 58 questions that were
either multiple-choice or open-ended. The survey covered
various topics, such as patient case scenarios, routine
posttransplant examinations, and treatment approach-
es for caAMR. Notably, fewer than half of patients who
develop caAMR were found to receive treatment beyond
optimal immunosuppression. The findings suggest that
monitoring of clinical indicators of graft function is the
mainstay of posttransplant surveillance. However, relying
solely on clinical measures to detect rejection may result
in delayed diagnosis and progression to an untreatable
stage of the condition, due to both the late recognition
of the disease and the absence of established effective
treatments [18].

NEW TREATMENT FOR ANTIBODY-MEDIATED
REJECTION: INTERLEUKIN 6 INHIBITORS

IL-6 inhibitors reduce the production of pathogenic an-
tibodies, suppress the action of T effector cells, and en-
hance the differentiation of requlatory T and B cells. They
may also suppress DSA formation and allograft injury
[13,17]. Antibodies targeting IL-6, such as clazakizumab,
have been utilized and clinically investigated for a variety
of diseases. In one study, 10 DSA-positive patients who
had developed resistance to standard treatment were
treated with a regimen of 25 mg of clazakizumab, ad-
ministered subcutaneously six times each month. After 6
months of treatment, reductions in DSA, C4d, and g+ptc
scores were observed, along with stabilization of the glo-
merular filtration rate. A phase 2 randomized controlled
trial involving 20 DSA-positive patients with confirmed
treatment-resistant caAMR demonstrated the efficacy of
clazakizumab in reducing DSA levels, while also mitigat-
ing rejection as observed on kidney biopsy. However, due
to infectious complications impacting some participants,
the dosage was reduced to 12.5 mg in later studies.
These findings underscore the importance of establishing
appropriate entry criteria and the necessity for vigilant
monitoring when administering clazakizumab [1,19-21].
In a study examining the effects of subtherapeutic an-
ti-IL-6 antibody administration or cessation of treatment
following prolonged cytokine neutralization, an increase
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in drug-combined IL-6 levels was observed in the IL-6
inhibitor group. The researchers observed no subsequent
progression to AMR or significant increases in inflamma-
tory markers, such as C-reactive protein, relative to the
control group. These results suggest that IL-6 inhibitors
may modulate the IL-6/IL-6R axis [1].

The IMAGINE study was the first phase 3, multicenter,
double-blind clinical trial to evaluate KT recipients with
caAMR. Participants underwent 1:1 randomization and
received either clazakizumab or a placebo. The trial was
designed to assess the safety and efficacy of clazaki-
zumab in preventing composite graft loss from all caus-
es and in slowing or preventing the progressive loss of
kidney function due to caAMR. The slope of the effective
glomerular filtration rate, which the FDA has accepted
as a reasonably likely surrogate endpoint for allograft
loss, was measured over a 12-month period [3]. The first
planned interim analysis of the IMAGINE trial revealed
that, as the decline in HLA-DSA did not occur as rapidly
as the decline in kidney function, insufficient evidence
is available to support the efficacy of the IL-6 inhibitor
in treating AMR. Consequently, the trial was deemed un-
likely to meet its primary efficacy outcome, leading to
the discontinuation of enrollment. Notably, the decision
to halt the study was not due to safety concerns. Clearly,
a continued need exists to seek effective treatments for
transplant recipients at risk of allograft failure, and this
must be done in a robust manner that facilitates clear de-
cision-making [20,22].

CONCLUSION

caAMR is a key contributor to graft failure. While treat-
ments such as plasmapheresis, IVIG, steroids, and rit-
uximab are employed to manage this condition, no ther-
apeutic approach has received formal approval to date.
Effective treatments must be developed to extend the
survival of transplant recipients and minimize the risk
of transplant rejection. Research efforts are focused on
more effectively managing AMR by targeting the IL-6
signaling pathway. Within the transplant community, it
is essential to establish improved treatments for AMR.
Through research on IL-6 inhibitors, we aim to identify the
immunosuppressive medications necessary to enhance
the success rates of KT and prolong survival following
transplantation. The termination of the IMAGINE study
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further underscores the urgency of continuing our quest
for solutions to protect transplant recipients at risk of al-
lograft failure.
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