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In this study, the usefulness of splenectomy performed

for the treatment of chronic antibody-mediated rejection

(C-AMR) was assessed. The subjects were three sensitized

patients who had undergone living-donor kidney trans-

plantation at our department. The pathological findings

and anti-HLA antibody titers in the circulating blood,

detected using Luminex Single Antigen Beads, before and

after splenectomy were compared. After splenectomy, the

pathological findings, including tubulitis, glomerulitis

and severity of C4d deposition [1], improved in all the

three patients. Donor-specific antibody (DSA) and/or

nonDSA completely disappeared in two of the three

patients. Neither DSA nor nonDSA antibodies disap-

peared entirely in the remaining patient, who was the

most strongly sensitized on account of repeated sensitiza-

tion by first and third grafts, but the anti-HLA antibody

titers decreased. Splenectomy appears to be one of the

choices that should be considered for the treatment of

C-AMR.

All three patients were immunologically high-risk

recipients. In all three recipients, the immunosuppressive

drugs used for induction [2] were tacrolimus (FK, Prog-

raf�, Astellas Fujisawa, Osaka, Japan)/mycophenolate mo-

fetil (MMF, Cellcept�; Roche, Nutley, NJ, USA)

methylprednisolone (MP, Medorol�; Pfizer, Tokyo,

Japan), with the addition of 200 mg anti-CD20 antibody

(rituximab, Rituxan�; Zenyaku, Tokyo, Japan) and anti-

CD25 antibody (basiliximab, Simulect�, Novartis, Basel,

Switzerland). Briefly, FK506 was started 7 days before

transplantation, at 0.15 mg/kg/day, and adjusted to main-

tain a FK trough level in whole blood between 8 and

12 ng/ml for 1 or 2 months postoperatively, and between

7 and 9 ng/ml thereafter. MMF was also started 7 days

before transplantation at a dose of 2000 mg/day and

decreased to 1000–1500 mg/day 1 month postoperatively

adjusted based on the number of the white blood cell

counts. MP was also started 7 days before transplantation,

at 125 mg/day. On the day of operation, the dose of

MP was increased to 500 mg/day and then tapered to

6–8 mg/day within 1–2 months after transplantation.

Two of the three patients experienced acute severe

rejection within 1 week of transplantation and were trea-

ted with high-dose gamma-globulin therapy and a total

of more than 10 sessions of plasmapheresis therapy. We

succeeded in weaning both from hemodialysis over the

course of 1 month by initiating anti-rejection therapy,

but as expected, subsequent renal biopsies revealed seri-

ous residual C-AMR. Although one of the three patients

did not have any serious rejection reaction clinically, that

is, oliguria or fever, the serum creatinine level was high

and renal biopsy revealed severe AMR, just as in the other

two patients.

We selected patients with AMR in the chronic stage,

after 1 year had elapsed after the transplantation, as the

subjects of this study, and assessed whether splenectomy

might be effective in such patients who are at a high risk

of graft loss. Although all three patients received

anti-CD20 antibody [3,4], there were no changes in the

anti-HLA antibody titers after the administration of this

antibody in any of the patients (data, not shown). This

finding implies that the CD20+ cells eliminated by ritux-

imab were probably different from the plasma cells that

actually produced the antibodies. It is noteworthy that

while the plasma cells were not suppressed by rituximab

and there were no changes in the types or titers of the

anti-HLA antibodies following its administration, the

antibody titers decreased following splenectomy [5].

There was no doubt that the immune system was acti-

vated by the current kidney transplantation in all the

three sensitized patients, and that the symptoms had been

caused by clonal proliferation of some of the memory B

cells present in the spleen or bone marrow, their conver-

sion to plasma cells, and the promotion of antibody pro-

duction by the plasma cells themselves (Fig. 1). Some of

these cells of B-cell lineage that had proliferated in the

spleen were sufficiently suppressed by rituximab alone,

while others were not. The splenectomy performed in

these patients may have suppressed the remaining acti-

vated B-cell lineage cells [5].

The interval between the splenectomy and the start of

the actual decrease in the titers of the antibodies is of

great interest. The changes in the titers of the anti-HLA

antibodies measured using Luminex Single Antigen Beads

are shown in Fig. 2. In all the three patients, nonDSA,
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which did not seem to have any significant influence on

the results of the transplantation, began decreasing imme-

diately after the splenectomy to eventually fall to unde-

tectable range, whereas it was about 3 months before the

titers of DSA in patient 1 who was sensitized twice, actu-

ally started to decrease. The high titers of antibody to

DR15 derived from both from the first and third donors

in patient 1 started to decline from 90 days after the

H&E staining x250 H&E staining x100 

Figure 1 Pathological findings in the

removed spleen in patient 2. The patho-

logical findings in the resected spleen in

this patient are shown in Fig. 2. In the

white pulp, the germinal centers sur-

rounded by a marginal zone are shrunk

and contain no CD20+ cells (left ·100

H&E staining), whereas an increase in

the number of plasma cells and macro-

phages is seen in the red pulp (right

·400 H&E staining).
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Figure 2 Titers of anti-HLA antibodies detected using Luminex Single. Antigen Beads before and after splenectomy in each patient. Patient 1:

anti-HLA antibodies were detected using Luminex Single Antigen Beads (One Lambda, Canoga Park, CA, USA), which are beads coated with solu-

ble HLA molecules as the targets. The titers of the anti-HLA antibodies, including donor-specific antibody (DSA) and nonDSA, are decreasing. The

titers of the antibody present at the highest titers because of double sensitization after the first and third transplantations, namely, anti-DR15 anti-

body, is also starting to decline 3 months after splenectomy. Patient 2: the overall titers of anti-HLA antibodies began to decrease 1 month after

splenectomy; in particular, the titers of class II antibodies, including the anti-DR8 DSA, completely disappeared by 3 months after the operation.

Patient 3: postoperatively, the patient has had high titers of the anti-HLA antibody to HLA-DR52 on account of his double exposure to the anti-

gens of the first donor, his mother, and the current donor, his sister after the current transplantation. The anti-DR52 antibody, a DSA, disap-

peared by 1 month after the splenectomy which had been performed 260 days after the transplantation.
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splenectomy, but at the time of writing, still remain in

the positive range. The titers of the anti-DR 8 DSA in

patient 2 also began to decline by 1 month after the sple-

nectomy and the antibody disappeared completely by

95 days after the splenectomy. The anti-DR52 DSA in

patient 3 completely disappeared by 30 days after the

splenectomy. This antibody in patient 3 disappeared even

more rapidly than the anti-DR 15 antibody in patient 1

following splenectomy, although both the patients were

sensitized to the respective antigens twice by the trans-

plantations. This may be a reflection of the numbers of

the B-cell clones that had proliferated as a result of the

transplantation. The titers of the antibody to DR 15 in

patient 1 were extremely high, as seen from the ratio in

Fig. 2.

The follow-up period in all three cases has been short,

and adequate monitoring is needed to determine whether

plasma cells with a long lifespan [6,7] residing in the

bone marrow or similar B-cell lineages that are present in

secondary lymph tissues outside the spleen might contrib-

ute to the recurrence of C-AMR in the future.

At least within a brief period of 1–2 years after the

transplantation, as in our patients, it was possible to

reduce anti-HLA antibody titers by removing the spleen,

which also resulted in improvements of the pathological

findings. Splenectomy as a therapeutic procedure for

C-AMR is, however, likely to remain controversial in the

future.
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