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HIGHLIGHTS 

 HSCT-TMA maybe related to complement disregulation 

 Genetic complement disregulation in HSCT may be acquired from the donor 

 The screening of donors for genetic complement disregulation may be useful in HSCT 

 

Abstract 

Hematopoietic stem cell transplant-related thrombotic microangiopathy (HSCT-TMA) is a severe 

complication whose pathophysiology is unknown. 

We describe 6 patients in which the disease was associated with complement regulatory gene 

abnormalities received from their respective donors. It is suggested that mutated and transplanted 

monocyte-derived cells are responsible for production of abnormal proteins, complement 

dysregulation and, ultimately, for the disease. This observation might have important drawbacks as 

far as HSCT-TMA pathophysiology and treatment are concerned. 

 

Keywords 

Complement, Complement gene mutations, Hematopoietic stem cell transplant (HSCT), Hemolytic 

uremic syndrome, Thrombotic microangiopathy (TMA) 

Abbreviations: 

aHUS, atypical hemolytic uremic syndrome  

CFH, complement factor H 

HSCT, hematopoietic stem cell transplant 

MLPA, Multiplex Ligation-dependent Probe Amplification 

NGS, next-generation sequencing 

TMA, thrombotic microangiopathy 

CRP, complement regulatory protein 
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AMD, Age-related macular degeneration 

C3G, C3 glomerulopathy 
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Introduction 

Hematopoietic stem cell transplant-related thrombotic microangiopathy (HSCT-TMA) is a very 

severe disorder burdened by high case-fatality rate with an unclear pathophysiology (1). Herein, we 

share our unexpected, yet potentially important, observation concerning six patients with HSCT-

TMA in whom variants of complement system regulatory proteins have been acquired from their 

bone marrow donors and might have induced HSCT-TMA through dysregulation of the recipient 

complement system. 

 

Materials and Methods 

Patients brought to our attention with HSCT-TMA are screened for all the known conditions 

responsible for TMA (Homocysteine, ADAMTS13 function, CFH autoantibodies, variants and 

macro-rearrangements in CFH and related, CFI, CFB, CD46, C3, DGKe, THBD genes and risk 

haplotypes: CFH-H3 and MCPggaac) by means of relevant laboratory investigations, next-

generation sequencing (NGS) and Multiplex Ligation-dependent Probe Amplification analysis 

(MLPA). The diagnosis of TMA was based on the simultaneous evidence of platelets consumption 

(low platelet count with increased mean platelet volume), non immune-mediated hemolysis (anemia 

with schistocytes and/or low haptoglobin and/or increased lactic dehydrogenase) and signs of renal 

damage (reduced renal function and or severe proteinuria and microscopic hematuria). 

Patients’ DNA was obtained from buccal brushing and recently our genetic screening has been 

extended to the donor’s DNA obtained from recipient’s peripheral blood cells.  

 

Results and Discussion 

In 6 out of 16 screened cases (all Caucasian but one Chinese and one African), specific genetic 

variants that were not present in the patient’s DNA were identified in peripheral blood by NGS 

analysis (see table 1). MLPA analysis didn’t show any pathogenic macro-rearrangements, whereas 
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homozygous CFH-H3 risk haplotype has been identified in patient #1 donor’s DNA and both in 

donor’s and recipient’s DNA of patient #6 (2).  

The potential pathogenetic role of complement dysregulation in HSCT-TMA has been previously 

reported (3), however to the best of our knowledge, the possibility that a mutation responsible for 

atypical hemolytic uremic syndrome (aHUS) may be “transplanted” with HSCT and expressed in 

the recipient has never been hypothesized and consequently this is not even regularly investigated.  

The liver is considered the main source of circulating proteins of both the complement system and 

its soluble regulators, including CFH and related binding proteins, so that liver transplantation has 

been suggested in patients with aHUS due to CFH mutations. However, other hepatic and 

extrahepatic cells are known to produce this family of proteins, among which bone marrow-derived 

monocytes/macrophages in the peripheral blood and reticulo-endothelial system, including Kupffer 

cells (4). In an animal-model, Bejar postulated a possible role of Kupffer cells in increasing the risk 

of cardiovascular diseases following HSCT. He observes that homing of bone marrow donor 

derived-macrophages/Kupffer cells to the liver induced changes in lipid metabolism-related gene 

expression, thus transferring cardiovascular risk factors to the recipient (5). This is an indirect proof 

of liver colonization by donor-derived stem cells and consequent transfer of pathological risk 

factors. 

Platelets are another source of CFH, which is already present on their surface upon exit from the 

bone marrow. Alexander demonstrated that wild type mice receiving a bone marrow transplant from 

their Cfh
-/- 

counterparts undergo immune-complex disease due to an excessive accumulation in 

glomeruli (6). 

A complementary observation made by Kiss (7) concerning a patient’s remission from recurrent 

angioedema related to C1-inhibitor deficiency after HSCT suggests that the original genetic defect 

was possibly corrected by colonization of the recipient’s liver by monocyte precursors, resulting in 

the production of sufficient amounts of the functional protein. 
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Considering all these independent observations, it is reasonable to hypothesize that in our patients 

the reticulo-endothelium has been “re-populated” by hematopoietic stem cell-derived elements 

carrying the donor’s variant. The donor may not have experienced the disease given its low 

penetrance and because of the absence of triggers activating complement; whereas such triggers 

(chemotherapy, calcineurin inhibitors, transplant related cytokine storm, mucositis, infections, graft-

versus-host disease, etc.) are all present in recipients during the weeks and months following HSCT. 

In all our cases, the TMA was relatively delayed with respect to HSCT (from 1 to 6 months) and 

this timing is compatible with the concept of reticulo-endothelial “re-population”. Finally, we 

underline the response to anti-C5 inhibition in the two patients exposed to this treatment (#2 and 

#4), which further supports the hypothesis that the disease might have been related to complement 

dysregulation in keeping with previously reported positive experiences of other investigators (8-10). 

A possible working hypothesis is that in our patients a donor-derived cell population (of the 

monocyte lineage) bearing a complement regulatory protein (CRP) variant, resulted in the 

production, and possibly systemic release, of a defective protein responsible for the impaired 

regulation of the native complement system. All variants detected in our series have already been 

described in patients with CRP disorders (see table references’), some demonstrating a significant 

association with aHUS, AMD or C3G, some others considered as predisposing genetic factors for 

aHUS or affecting the disease penetrance and severity. 

Even though some genetic variants are presently not considered disease-causative by many experts 

since their functional pathogenic role has not always been demonstrated, nevertheless it is 

remarkable and worth being shared with the scientific community that the described patients exhibit 

a post-HSCT acquisition (from the donor) of uncommon gene changes involving the complement 

system.  

A proof of concept would be the direct detection in blood of mutated proteins, which is currently 

out of reach for most laboratories. 
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Mechanisms linking mutations to TMA remain poorly understood and likely differ for individual 

proteins involved; reduced expression of the mutated allele (with low circulating levels of normal 

protein), as well as critical changes in affinity for binding substrates of mutated proteins may be at 

play. 

Given the frequencies of the observed variants, the probability that they occur in combination with 

such a rare disease by chance in 6 of 16 patients is extremely low, making a pathogenic link 

between mutation and TMA plausible. We expect that extending the screening of both recipients 

and donors for complement gene mutations in patients with HSCT-TMA may allow the 

identification of additional cases and may also provide important insights into the pathophysiology 

of the condition itself.  
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Table 1: patient’s characteristics and genetic workout 

àìCase Age 

(yrs) 

Primary Disease Genetic Findings MAF (ExAC) Ref. 

   Recipient’s DNA Donor’s DNA   

#1 21 Burkitt Lymphoma WT CFH c.1548T>A (p.Asn516Lys) 

 

CFHR5 c.1067 G>A 

(p.Arg356His) 

0.0004046  

 

0.01777  

1 

 

2 

#2 15 Blackfan Diamond 

Anemia 

WT CFHR5 c.485_486dupAA 

(p.Glu163Lysfs*10) 

 

0.005892  3 

#3 59 Non Hodgkin 

Lymphoma 

WT CFB c.724A>C (p.Ile242Leu) Unknown 4 

#4 55 Non Hodgkin 

Lymphoma 

CFHR5 c.136C>T    

(p.Pro46Ser) 

C3 c.463A>C (p.Lys155Gln) 0.003362   

 

0.0059^ 

5 

 

6 

#5 56 ALL WT CFI c.1217G>A (p.Arg406His) 

 

MCP c.38C>T (p.Ser13Phe) 

0.01688  

 

0.005003  

7 

 

8 

#6 13 Sickle-cell Disease WT CFI c.1246A>C (p.Ile416Leu) 

 

C3 c.4645C>A (p.Leu1549Met) 

 

CFHR5 c.1704T>A (p.Cys568*) 

 

CFHR3 c.299A>G (p.Tyr100Cys) 

0.001113  

 

0.001164  

 

0.002508  

 

0.001036  

8 

 

- 

 

- 

 

- 

Legend: WT: wild type; MAF (Minor Allele Frequency); ^:MAF referred to recipient’s variant; 

ALL: acute lymphoblastic leukemia; ExAC: http://exac.broadinstitute.org/ 
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