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of donor-specific antibodies after intestinal transplantation
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With a high risk for cellular and humoral alloimmune

responses and no reliable noninvasive rejection markers,

intestinal transplant (ITX) recipients require a close post-

transplant monitoring. Graft biopsies are performed regu-

larly, but their restriction to the mucosal component

imposes limitations in the evaluation of processes occur-

ring in deeper layers of the intestine [1]. C4d staining is

not established and its interpretation varies largely in ITX

recipients [2]. As a result of a significant association

between the early appearance of anti-HLA antibodies and

acute rejection episodes, frequent donor-specific antibody

(DSA) screening is crucial and may disclose antibody-

mediated rejection (AMR) [3].

In addition, AMR is less responsive to anti-rejection

treatment, entailing chronic manifestations of graft rejec-

tion and allograft losses [4]. Even though plasmapheresis

and rituximab reduce the concentration of circulating

HLA antibodies, both methods are ineffective against

antibody-producing plasma cells, which belong to the

bone marrow CD138+CD20) long-lived plasma cells com-

partment. Consequently, splenic and bone marrow plasma

cells do not respond to typical desensitization regimens

[5]. Proteasome inhibitors like bortezomib deplete non-

malignant plasma cells in experimental models [6]. The

immune-modulating effects include activity against nor-

mal plasma cells and suppression of T-cell function [7],

providing effective treatment of antibody-mediated and

acute cellular rejection (ACR) [8]. Preliminary reports

have provided evidence of its efficacy in the reduction

and elimination of DSA after renal, pancreas, and multi-

visceral transplantation representing an alternative treat-

ment strategy for AMR [9–11].

We report the successful salvage treatment with bort-

ezomib in a patient with refractory acute rejection associ-

ated with persisting DSA levels after ITX. A 46-year-old

patient received an isolated intestinal graft for ultra-short

bowel syndrome. Initial immunosuppression consisted of

tacrolimus (trough levels 15–20 ng/ml) and steroids

(40 mg/day). Induction therapy consisted of thymoglobu-

lin [total dose 7.5 mg/kg bodyweight (BW)] and inflix-

imab (5 mg/kg BW single dose), of which the latter is

regularly applied to mitigate ischemia/reperfusion injury

and to deplete effector memory CD8+ T cells [12,13].

Graft biopsies were performed every 2 days.

The HLA antibody status was assessed using a combina-

tion of tests including complement-dependent lymphocy-

totoxicity test (CDC) (Biotest, Dreieich, Germany) and

the LABScreenTM test (One Lambda, Canoga Park, CA,

USA). Sera were screened for lymphocytotoxic HLA anti-

bodies by CDC according to the protocol of the National

Institute of Health. To differentiate between specific HLA-

IgG antibodies and non-HLA-specific IgM antibodies, the

CDC test was performed in parallel by adding dithiothrei-

tol (DTT) to reduce the non-HLA-specific IgM antibodies.

For the detection and specification of panel reactive HLA

antibodies (PRA), a lymphocyte panel of HLA-typed

blood donors was used.

On postoperative day (POD) 14, DSA testing revealed

high levels of anti-donor HLA DQ7 (2000MFI) and DQ8

(900MFI) antibodies, together with nondonor-specific

antibodies (NDSA), entailing immediate plasmapheresis

(Fig. 1). DQ4 and DR53 were immunodominant NDSA.

On POD 19, the patient experienced a mild ACR and

received steroid pulse therapy (5 · 1000 mg) and ritux-

imab (375 mg/m2), which decreased histological rejection

signs. Five days later, rejection relapsed to grade 1 (Fig. 2

a) and DSA levels continued to rise, so that thymoglobu-

lin (1.5 mg/kg BW for five consecutive days) and intrave-

nous immunoglobulin (i.v. Ig; total: 1 mg/kg/BW) were

initiated together with a second dose of rituximab. By

POD 42, the patient had received three cycles of plasma-

pheresis (five applications on five consecutive days each)

and two applications of rituximab, but DSA testing still

revealed high levels of DSA (DQ7: 4500MFI; DQ8:

1500MFI). Allograft biopsies displayed persistent inflam-

matory signs, low-grade fibrosis, cryptitis, and an increased

rate of apoptoses (up to six apoptotic bodies/10 crypts)

defined as indeterminate for rejection (Fig. 2b). C4d stain-

ing revealed inconclusive results. The patient complained

of diarrhea, abdominal distension, and pain. The persis-

tence of DSA level, histological changes, and clinical signs

indicative of an ongoing AMR stimulated discussion about
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therapeutic alternatives. Because of suspected AMR, we

initiated bortezomib on POD 62 in standard labeled dosage

(1.3 mg/m2/POD 62, 65, 69, 72).

The HLA antibodies were screened before the first

bortezomib application and thereafter on a weekly basis.

In addition, we performed graft biopsies twice a week

and laboratory tests including platelet count. One week

after the last application of bortezomib, biopsy specimen

disclosed resolution of antibody-mediated graft injury

and there was a significant reduction in DSA. There was

no documented infection, nausea or peripheral neuropa-

thy, and platelet count remained stable upon bortezomib

treatment. Today, anti-HLA antibodies are almost entirely

eliminated and there is a complete resolution of inflam-

matory graft alteration under tacrolimus (trough levels

4–5 ng/ml) and mycophenolate mofetil (2 · 1000 mg).

As a result of persisting DSA levels despite exhaustive

treatment, histological signs of chronic allograft altera-

tions (i.e. fibrosis) impended to result in chronic allograft

rejection.

Antibody-mediated rejection after ITX is inadequately

characterized. There is evidence for a significant associa-

tion between vascular injury and a significant peak of

panel reactive antibodies early after transplantation, which

may represent a form of acute vascular rejection and is

accompanied by poor graft survival [2]. Bortezomib has

been reported to successfully reduce or eliminate DSA

after transplantation [5,11,12] and showed the same effect

in our patient. One study described ineffectiveness of

bortezomib as a sole desensitization agent in patients with

subclinical and subacute AMR more than 1 year after kid-

ney transplantation [14]. Among other suggestions for its

ineffectiveness, authors point out the late timing of appli-

cation. Recent priming of B cells or recall stimulation of

memory B cells shortly after transplantation may generate

short-lived plasma cells with a high DSA production,

which might be more susceptible to proteasome inhibi-

tion-induced apoptosis. This is further supported by

recently published results, reporting success with a pro-

teasome inhibitor-based combination therapy as primary

treatment in early acute AMR [15]. Bortezomib targets

antibody-producing plasma cells, but not circulating anti-

bodies, which have already caused graft injury; circulating

antibodies still need to be eliminated by plasmapheresis

and rituximab.

We applied bortezomib as a rescue therapy in a highly

endangered patient with persistent DSA levels and ongo-

Figure 1 Post-transplant course of donor-specific (DSA) and immuno-

dominant nondonor-specific antibodies (NDSA). The DSA specificities

DQ7 and DQ8 are represented over time. NDSA specificities, i.e. DQ4

and DR53 are represented in the background curve.

(a) (b)

Figure 2 (a) Relapse of mild acute rejection after steroid pulse therapy with shortening of villi, mild to moderate inflammatory infiltrate, cryptitis,

accumulation of activated intraepithelial lymphocytes, decreased epithelial cell height, nuclear enlargement and hyperchromasia, and up to 12

apoptoses/10 crypts. (b) Persistent alterations consistent with indeterminate for rejection after three cycles of plasmapheresis and two applications

of rituximab; localized infiltrates of activated and blastic lymphocytes and some eosinophilic granulocytes, occasionally infiltration of lymphocytes

into crypts, and degenerative alterations to the epithelium with shifted nucleus–plasma relation as well as elevated mitotic activity. Less than six

apoptotic bodies/10 crypts.
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ing graft injury in the early phase after ITX. The treat-

ment was well tolerated. In this setting, the use of bort-

ezomib as an adjunct agent to plasmapheresis, i.v. Ig, and

rituximab might be a new treatment option for AMR

after ITX.
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