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Hematopoietic stem cell transplantation (HSCT) is a widely accepted treatment for mainly hematopoie-

tic disorders. Recent advances in transplantation techniques have increased the number of long-time

survivors with chronic kidney disease (CKD). The presence of CKD affects outcomes and is associated

with high mortality rates. Therefore, physicians treating transplant survivors should consider renal

complications and optimize management of patients with CKD after HSCT. The pathology of CKD after

HSCT is affected by many factors, and the causes of renal thrombotic microangiopathy (TMA) are di-

verse and complicated. We have treated patients who underwent allogeneic HSCT and developed late-

stage renal TMA possibly associated with graft-versus-host disease (GVHD). Administration of im-

munosuppressive drugs, such as calcineurin inhibitors, is typically reduced in patients with TMA.

However, if renal TMA is caused by renal GVHD, the use of immunosuppressive drugs should be in-

creased, contradicting conventional thinking. On the basis of previous findings and our own observa-

tions, we review the pathology of renal complications after HSCT and focus on the role of GVHD in the

development of renal TMA. (J Nippon Med Sch 2020; 87: 7―12)
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Introduction

An increasing number of patients are undergoing hema-

topoietic stem cell transplantation (HSCT) to treat hema-

topoietic disorders such as leukemia and malignant lym-

phoma. Worldwide, more than 60,000 patients undergo

HSCT annually1. In Japan, more than 5,000 patients (allo-

geneic: 3,500 and autologous: 1,500) a year undergo

HSCT, and more than 70,000 patients have been treated

with the technique during the past 20 years2. Cases of

long-term survival are increasing with improvements in

transplantation techniques; however, renal disorders that

complicate the late stages after transplantation often pro-

gress to end-stage renal failure, which may lead to renal

replacement therapy3,4. Furthermore, renal complications

increase morbidity and mortality rates5.

Medical professionals involved in transplantation

medicine, including hematologists and nephrologists,

should understand the pathology of renal disorders asso-

ciated with HSCT, including the relevant treatment per-

spectives. However, the pathology of renal complications

after HSCT is complicated, so clarifying the disease char-

acteristics and establishing appropriate therapeutic meth-

ods are important yet difficult tasks.

We recently reported that renal thrombotic microan-

giopathy (TMA) is associated with chronic graft-versus-

host disease (GVHD)6―8. Transplant-associated TMA (TA-

TMA) is generally diagnosed on the basis of laboratory

findings such as hemolytic anemia, thrombocytopenia,

and elevated lactate dehydrogenase level, because it is

difficult to obtain tissue specimens from patients with se-

vere physical conditions. In contrast, renal TMA refers to

pathological TMA in the kidney, with or without sys-
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temic symptoms9. Characteristic morphological findings

in renal TMA include fibrin thrombi within glomeruli

and mesangiolysis and/or thrombosis involving arteri-

oles or interlobular arteries, in conjunction with charac-

teristic intimal swelling in vessels and occlusion of capil-

lary loops7,9. We have treated patients with renal TMA in

which GVHD may have been involved in the pathogene-

sis. Renal GVHD has not been defined, although neph-

rotic syndrome is a well-known renal manifestation in

chronic GVHD. In addition, the association between renal

TMA and renal GVHD is controversial. In this article, we

describe renal complications after HSCT, particularly the

association between renal TMA and renal GVHD, and re-

view the literature and our own research.

Review of Previous Literature

Renal Complications after HSCT

In the early stage after transplantation, the incidence of

acute kidney injury (AKI) caused by renal complications

associated with HSCT is high, and the incidence rate of

AKI is higher after allogeneic HSCT than after autolo-

gous HSCT10,11. The causes of AKI are believed to be se-

vere infection, nephrotoxic drugs, acute GVHD, and sys-

temic TMA in the presence of schistocytes. In contrast,

during the late stage after transplantation, renal function

gradually deteriorates for various reasons and ultimately

progresses to end-stage renal failure3. The causes of

chronic kidney disease (CKD) are repeated AKI attribut-

able to various causes, long-term use of calcineurin in-

hibitors (CNIs) for GVHD prophylaxis and treatment, ra-

diation nephropathy, nephrotic syndrome caused by

GVHD, and renal TMA with or without systemic symp-

toms4,12. In general, health-related quality of life is sub-

stantially lower for people with CKD than for the general

population. CKD is associated with cardiovascular risks

and increased incidences of several cancers13,14. Similarly,

post-HSCT patients with CKD have a lower overall sur-

vival rate than those without CKD15. Previous studies of

CKD after HSCT suggest that the pathology of renal dis-

orders associated with transplantation is complicated and

multifactorial. Careful monitoring of renal function, in-

cluding albuminuria, is required for long-term survi-

vors16,17.

Renal Complications Associated with GVHD

Among the renal complications associated with GVHD,

nephrotic syndrome is well known but rare18,19. Most kid-

ney biopsy images show membranous nephropathy with

subepithelial deposits. Therefore, antigen-antibody com-

plexes due to GVHD may be present. In addition, renal

histopathological findings may include minimal change

disease, focal segmental glomerulosclerosis, and IgA

nephropathy20,21. Increased production of tumor necrosis

factor-alfa（TNF-α）and interferon-gamma（IFN-γ）by do-

nor T cells was associated with development of nephrotic

syndrome22. Disease activity increased after a dose reduc-

tion in immunosuppressive drugs, and increased drug

administration improved proteinuria, which suggests that

the symptoms were caused by GVHD. In contrast, an ex-

amination of autopsy cases by Kusumi et al. suggested

that peritubular capillaritis (PTC-itis) and tubulitis may

be GVHD-related lesions23. We also believe these findings

to be related to renal GVHD. Kusumi et al. further

speculated that the Banff classification for kidney trans-

plantation may be a useful tool to assess renal pathology

after allogeneic HSCT. The precise mechanism underly-

ing kidney injury and GVHD is unclear, although the

kidney is believed to be a target organ of GVHD.

Vascular Injury Mediated by GVHD

GVHD is an immune-mediated disorder believed to be

driven by allospecific lymphocytes, as it does not occur

after autologous HSCT. GVHD develops when donor-

derived T cells respond to recipient tissues. There are

two important principles when considering the patho-

physiology of acute GVHD. First, acute GVHD is a se-

vere but normal inflammatory response mediated by do-

nor lymphocytes infused into the recipient. Second, re-

cipient tissues that stimulate donor lymphocytes are usu-

ally vulnerable because they have been damaged by the

underlying disease, chemotherapy, prior infection, and/

or the HSCT conditioning regimen. As a result, these tis-

sues produce inflammatory cytokines that promote acti-

vation and proliferation of donor immune cells24. Chronic

GVHD is also an important cause of morbidity and mor-

tality in long-term survivors of allogeneic HSCT.

The pathophysiology of chronic GVHD is more com-

plicated. Recent studies of chronic GVHD have increas-

ingly focused on the importance of B cells, while earlier

studies focused on T cells. Humoral reaction is mediated

by altered B cell subpopulations, danger B cell signaling

pathways, autoantibodies, and T cell-B cell interactions25.

In general, GVHD involves epithelial tissues of the skin,

gastrointestinal tract, and lungs. GVHD can also damage

endothelial cells, and transplant-associated microangiopa-

thy (TA-TMA) may represent GVHD. Plasma levels of

markers of endothelial cell injury and the coagulation

system are elevated in patients with acute GVHD after

HSCT, suggesting an association of endothelial injury,

acute GVHD, and subsequent development of TMA26―28.
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Increasing evidence indicates that endothelial injuries

mediated by GVHD are present. In the early stages after

HSCT, severe endothelial injuries, such as TA-TMA,

veno-occlusive disease of the liver, diffuse alveolar hem-

orrhage, engraftment syndrome, and capillary leak syn-

drome, all share features with acute GVHD29. In late

stages, persistent endothelial injury associated with

chronic GVHD leads to microvascular rarefaction, loss of

microvessels, and, ultimately, to organ fibrosis. It is un-

clear whether the main contributor mediating endothelial

cell injury is the T cell, another cell type, or another

mechanism28. Furthermore, late cardiovascular accidents

are more likely to occur in patients treated with alloge-

neic HSCT than in those treated with autologous HSCT,

which suggests that an immunological mechanism is in-

volved in atherosclerosis development. In solid-organ

transplants, vascular endothelial cells are an important

target for alloreactive cytotoxic T cells in vascular rejec-

tion30. Endothelialitis, intimal arteritis, and subendothelial

infiltration of the arterial intima by cytotoxic T cells are

hallmark histopathological lesions of severe acute rejec-

tion of transplants. Chronic graft rejection, characterized

by replacement fibrosis of graft parenchyma, is a fre-

quent consequence of tissue ischemia resulting from pro-

gressive loss of microvessels. The mechanism underlying

vascular injury associated with GVHD in HSCT patients

may be similar to that associated with vascular rejection

in solid-organ transplant patients. In fact, after allogeneic

HSCT, vascular endothelial cells are the first allogeneic

recipient cells encountered by circulating immunocompe-

tent donor T cells. In human studies, vascular injury has

been reported in patients with acute GVHD, and arterial

changes similar to allograft vasculopathy have been re-

ported in patients with chronic GVHD28.

TA-TMA and Pathological Renal TMA

Several diagnostic criteria for TA-TMA that reflect

clinical findings have been proposed, namely, (1) hemo-

lytic anemia, (2) thrombocytopenia, (3) elevated lactate

dehydrogenase level, and (4) presence of schistocytes in

peripheral blood or a blood smear. Jodele et al.31 pro-

posed that if any of these findings are observed during

examination or if TMA findings are observed in the tis-

sue, then TA-TMA should be diagnosed. In addition, ele-

vated circulating C5b-9 (a marker of terminal comple-

ment activation), elevated blood pressure, and protein-

uria may be indicators of TA-TMA. In a study of autopsy

cases after HSCT, many exhibited clinical and pathologi-

cal TMA findings32. Some cases of non-clinical TMA also

showed evidence of pathological renal TMA. Even when

systemic symptoms are absent, the kidney may exhibit

TMA with severe endothelial cell injury. Changsirikulchai

et al.9 examined cases exhibiting TMA “histologically”,

regardless of whether the diagnosis was clinical or non-

clinical TMA. Light microscopic observations of patho-

logical renal TMA showed fibrin thrombi within glomer-

uli, mesangiolysis and duplication of glomerular base-

ment membrane, and/or thrombus involving arterioles

or interlobular arteries, regardless of the clinical charac-

teristics of TMA. With or without clinical TMA manifes-

tations, these findings suggest that acute GVHD is a risk

factor for renal TMA, but the use of CNI was not af-

fected. The authors recommended that CNI should not

be reduced or stopped because of renal TMA. Recently,

another group reported that complement dysregulation

may be involved in TA-TMA pathogenesis. Elevated sol-

uble C5b-9 and total complement activity (CH50) were

observed in TA-TMA cases. Furthermore, eculizumab (a

C5 inhibitor) may be useful for treating TA-TMA33.

The causes of renal TMA are diverse. In general, TMA

is believed to be caused by use of CNIs for GVHD pro-

phylaxis, viral infection, and total body irradiation.

Therefore, administration of immunosuppressive drugs is

commonly reduced or stopped. However, while this is

common, we consider that renal TMA after allogeneic

HSCT might result from GVHD and that administration

of immunosuppressive drugs should thus be increased.

Authors’ Findings

Renal TMA after Allogeneic HSCT: Involvement of

Chronic GVHD

We reported a case of progressive renal insufficiency

accompanied by proteinuria 2 years after umbilical cord

blood transplantation for refractory myelodysplastic syn-

drome6. A kidney biopsy showed severe endothelial cell

injury of microvessels. Renal TMA was diagnosed, even

though there were no clinical symptoms of TMA, except

for hypertension (Fig. 1)6. We initially thought that kid-

ney injury was caused by use of CNI for GVHD prophy-

laxis. However, renal function deteriorated when CNI

was gradually reduced and stopped. The patient ulti-

mately required dialysis.

We were unsure of the cause of renal impairment. Fur-

ther pathological analysis showed that, in addition to

vascular endothelial cell injury, there was glomerulitis,

PTC-itis, tubulitis, and C4d deposition in the glomerular

basement membrane and patchy PTCs. These findings

were similar to those seen in images of chronic antibody-

mediated rejection in kidney transplantation. These find-
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Fig.　1　Renal TMA characterized by severe endothelial injury. (A, Masson trichrome stain; B, 

C4d stain; scale bar = 50 μm)

Representative images of renal TMA characterized by diffuse global enlarged subendo-

thelial spaces, double contouring of the glomerular basement membrane, and post-me-

sangiolysis lesions (A). A diffuse, global pattern of C4d deposition was detected on glo-

merular capillaries. Patchy staining for C4d was also evident in peritubular capillaries (C). 

Reprinted and modified from Pathology International, 61, Mii A et al., Renal thrombotic 

microangiopathy associated with chronic humoral graft versus host disease after hemato-

poietic stem cell transplantation, 34-41, Copyright (2011), with permission from Wiley. 

Fig.　2　Time course of serum creatinine levels during 

treatment for renal GVHD with renal TMA.

This figure shows the clinical course of a represen-

tative case. Prednisolone was used mainly for 

GVHD treatment after umbilical cord blood trans-

plantation (UCBT). When prednisolone dose was 

reduced, lung GVHD and brain GVHD developed 

along with progressive renal insufficiency. An in-

crease in prednisolone dose led to improvement in 

physical findings and renal function. Thus, renal 

insufficiency and involvement of other organs 

might be linked. Reprinted from Kidney Interna-

tional Reports, 3, Mii A et al., Renal Thrombotic 

Microangiopathy After Hematopoietic Stem Cell 

Transplantation: Involvement of Chronic Graft-

Versus-Host Disease. 743-747, Copyright (2018), 

with permission from Elsevier. 

ings suggested that the cause of renal TMA in this case

might be chronic renal GVHD, in which chronic humoral

GVHD may have caused antibodies to renal microvascu-

lar endothelial cells.

Later, two biopsy and five autopsy cases were investi-

gated7. In all cases, pathological findings showed wide-

spread, persistent endothelial cell injury in glomeruli,

PTCs, and small arteries, indicating pathological renal

TMA, although five of the seven cases did not satisfy the

clinical criteria for systemic TMA. Furthermore, we iden-

tified glomerulitis, tubulitis, and PTC-it is, together with

activated cytotoxic T cells, in all cases. Tubulitis and

PTC-itis are characteristic findings of GVHD in kidneys23.

In contrast, clinical acute and chronic GVHD developed

in seven and four patients, respectively7. Some patients

exhibited tubular atrophy, PTC loss, and interstitial fibro-

sis, resembling chronic rejection after kidney transplanta-

tion, suggesting development of chronic renal GVHD. In

addition, C4d deposition in diffuse glomerular capillaries

and patchy PTCs were noted in four patients. In this case

series, renal TMA may have been involved in chronic re-

nal GVHD after allogeneic HSCT. Moreover, some pa-

tients with C4d deposition might have had a humoral re-

sponse in the kidney.

Renal TMA is not a common manifestation of renal

GVHD. We attempted to use animal experiments to ex-
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Fig.　3　Future perspectives for renal TMA-associated GVHD

The illustration shows current concerns, issues to be resolved, and our proposals.

amine the relationship between renal TMA and GVHD.

We created a GVHD model of Lewis rats transplanted

with Dark Agouti (DA) rat bone marrow34. Two to four

weeks after transplantation, symptoms characteristic of

severe GVHD were observed in skin, liver, and gastroin-

testinal tract. Simultaneously, PTC-itis, tubulitis, and

glomerulitis accompanied by infiltration of donor T lym-

phocytes were confirmed in the kidneys, which strongly

suggests acute renal GVHD. Another study using a

murine model of acute GVHD in several tissues, includ-

ing kidneys with capillaritis, endothelialitis, and tubulitis,

reported findings suggesting renal GVHD35. However,

these models did not yield clear evidence of severe endo-

thelial cell injury in human studies. Therefore, it is neces-

sary to further examine renal manifestation in the late

stage of our model or to create and investigate another

model of chronic GVHD.

If the cause of renal TMA is GVHD, kidney function

might improve after resuming or increasing administra-

tion of immunosuppressive drugs. When we resumed or

increased the dosage of prednisolone in three of four pa-

tients with renal TMA and C4d deposition diagnosed

with renal GVHD, renal insufficiency improved (Fig. 2)8.

This indicates that circulating antibodies to recipient en-

dothelial cells are present and suggests that renal TMA

can cause renal GVHD.

Future Perspectives

It has been common to reduce or stop immunosuppres-

sive drugs when renal TMA develops after allogeneic

HSCT, because CNI and infectious diseases were believed

to be causes of TMA. If, as suggested here, the cause of

renal TMA is renal GVHD, conventional treatments

would not be appropriate and it would be necessary to

increase administration of immunosuppressive drugs.

Evidence is increasing for the hypothesis that GVHD has

a role in the development of renal TMA after allogeneic

HSCT, but its pathology and treatment have not been

clarified (Fig. 3). We will continue to identify clinicopa-

thological features and specific biomarkers of renal TMA

involved in GVHD by examining more cases and using

animal experiment models. We hope to contribute to fur-

ther characterizing the disease and determining its treat-

ment.
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