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Thrombotic Thrombocytopenic Purpura (TTP)
TTP, the most severe microvascular occlusive thrombotic 
microangiopathy, is characterized by systemic platelet adhesion/
aggregation, organ ischemia, profound thrombocytopenia, and 
fragmentation of erythrocytes.1 Th e RBC fragmentation occurs 
as blood fl ows through turbulent areas of the microcirculation 
partially occluded by platelet clumps. Schistocytes, or “split” red 
cells, appear on the peripheral blood smear (1–4% or more of 
total RBCs)1,2 as an indication of “microangiopathic hemolytic 
anemia.” Serum levels of lactate dehydrogenase (LDH) are 
extremely elevated as a consequence of hemolysis and the leakage 
of LDH from ischemic or necrotic tissue cells.

Th e systemic platelet adhesion/aggregation in TTP is oft en 
associated with platelet counts below 20,000/uL. Occlusive 
ischemia of the brain or the GI tract is common, and renal 
dysfunction may occur. In current clinical practice, the triad of 
thrombocytopenia, schistocytosis, and an impressively elevated 
serum LDH are suffi  cient to suggest the diagnosis.1

Von Willebrand Factor (VWF)
Subunit VWF monomers (approximately 275,000 Daltons) are 
linked by disulfi de bonds into VWF multimers with molecular 
masses that may reach the millions of Daltons. VWF multimers 
are constructed predominantly within endothelial cells and 
stored within Weibel–Palade bodies as immense, coiled, ultra-
large (UL) VWF multimers. Upon stimulation, endothelial 
cells secrete the ULVWF multimers in long strings that remain 
anchored to the cell membrane.3,4 Th e long VWF multimeric 
strings are extremely “sticky” to the glycoprotein Ibα  components 
of platelet glycoprotein Ibα-IX-V surface receptors.5,6 Th e initial 
adherence of platelets via glycoprotein Ibα to the long VWF strings, 
and the subsequent coherence of additional platelets to each other 
(aggregation) via activated glycoprotein IIb–IIIa receptors, produces 
potentially occlusive platelet thrombi (Figure 1).

In 1982, it was reported that TTP was caused by failure to 
“process” ULVWF multimers.7 Subsequent research established 
that a specifi c VWF-cleaving protease7–12 in normal plasma rapidly 
cleaves the highly adhesive long VWF strings as they are secreted 
from endothelial cells.3,13,14 Cleavage occurs at tyrosine1605–
1606methionine peptide bonds in one or more susceptible VWF 
monomeric subunits 15 in each multimeric VWF string.

Platelets adhere instantly to the secreted “sticky” VWF strings. 
Some platelets are likely to circulate with bits of VWF attached 
aft er ADAMS-13 cleavage of the platelet-VWF strings.

The VWF-cleaving protease is number 13 in a family 
of 19 distinct ADAMTS-type metalloprotease enzymes. 

ADAMTS-13 is a disintegrin and metalloprotease with eight 
thrombospondin-1-like domains. It is composed of an amino-
terminal metalloprotease domain; a disintegrin domain; a 
thrombospondin-1-like domain; a cysteine-rich domain and 
an adjacent spacer portion; 7 additional thrombospondin-1-
like domains; and 2 similar, nonidentical CUB domains (CUB-1 
and CUB-2) at the carboxyl-terminal end of the molecule 
(Figure 2).1,16–19 CUB domains, found only in ADAMTS-13 
among the ADAMTS enzymes, contain peptide sequences 
present in the complement subcomponents, C1r/C1s; the 
sea Urchin protein, egf; and a bone morphogenic protein. 
ADAMTS-13 is a Zn2+- and Ca2+-requiring 190,000 Dalton 
glycosylated protein that is encoded on chromosome 9q34.17–19

Th e enzyme is produced both in hepatic stellate cells20 and 
(perhaps predominantly) in endothelial cells for slow, constitutive 
release into the circulation.21,22 ADAMTS-13 activity is inhibited 
in vitro by EDTA and, therefore, functional assays of the enzyme 
are usually performed using plasma anticoagulated with citrate 
(a weaker divalent cation binder than EDTA).

Endothelial cells can be stimulated to secrete long VWF 
strings by infl ammatory cytokines (tumor necrosis factor-alpha 
[TNFα], interleukin [IL]-8 and IL-623), Shiga toxins, estrogen, or 
other agonists. Th e spacer and CUB-1 domains of ADAMTS-13 
are involved in binding ADAMTS-13 to the long VWF strings 
secreted by endothelial cells,24–27 in order to position the enzyme 
for cleavage of tyr 1605–1606 met peptide bonds.

Th e ADAMTS-13-defi cient types of TTP
Severe defi ciency of ADAMTS-13 activity in familial or acquired 
autoantibody-mediated TTP patient plasma correlates with a 
failure to cleave long VWF multimers as they emerge in long strings 
from the surface of stimulated endothelial cells (Figure 3).3,13,14

Familial TTP is rare, usually (but not always) appears initially in 
infancy or childhood, and may recur as “chronic relapsing TTP” 
episodes at about 3-week intervals.1,7,8,10 Patients with familial, 
relapsing TTP have less than about 5–10% of normal plasma 
ADAMTS-13 (both during and between episodes).

Th e absent or severely reduced plasma ADAMTS-13 activity 
in familial TTP1,7,8,10,28,29 is a consequence of homozygous (or 
double heterozygous) mutations in both of the ADAMTS-13 
alleles located on chromosome 9q34.1,17–19 Th e result is defective 
production or release of ADAMTS-13 molecules.1,28,29 Mutations 
in familial TTP have been detected all along the gene, in regions 
encoding diff erent domains.17–19 In severe familial ADAMTS-13 
deficiency, TTP episodes usually commence in infancy or 
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childhood. In some familial TTP patients with slightly higher 
plasma ADAMTS-13 levels,29 however, overt TTP episodes may 
not develop until later in life (e.g., during a fi rst pregnancy).1,16 
Th ese latter clinical observations suggest that in vivo plasma 

ADAMTS-13 activity may sometimes exceed the estimates of 
activity using in vitro nonphysiologic assays. Additionally, or 
alternatively, the accentuated secretion of long VWF multimeric 
strings by endothelial cells stimulated by estrogen (as during 

Figure 1. Platelet adhesion and aggregation onto VWF multimeric strings. Stimulation of endothelial cells by a variety of agonists, including infl ammatory cytokines 
and toxins, causes the cells to secrete long, hyperadhesive VWF strings (A, B). Circulating platelets instantly adhere to the cell-anchored VWF strings (C, D), and then the 
platelets cohere to each other (aggregate) (E).
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menses or pregnancy) or inflammatory cytokines23 may be 
required to provoke TTP episodes in some patients with very 
low, but not absent, plasma ADAMTS-13 values.

Adults and, sometimes, older children1,16 with acquired 
ADAMTS-13 autoantibody-mediated TTP have transient 
inhibition of ADAMTS-13 to less than about 5–10% of normal 
during acute episodes or later recurrences.1,11,12,16 Plasma 
ADAMTS-13 levels then increase toward normal during 
recovery.1,16 Recurrences occur at irregular intervals in about 
one-third of patients. Polyclonal IgG autoantibodies that inhibit 
plasma ADAMTS-13 activity during episodes are detected 
in most of these patients,1,11,12 indicating transiently defective 

immune regulation. TTP induced by this mechanism may occur 
occasionally late in pregnancy or immediately aft er delivery, or in 
patients with HIV/AIDS.1,16

Th e IgG autoantibodies against ADAMTS-13 are of restricted 
clonality, containing VH1–69 heavy chain variable region gene-
encoded components.30 Th eir preferred, but not exclusive, epitope 
target is the spacer portion of the cysteine-rich/spacer domain 
that is important (along with the CUB-1 domain), in docking 
ADAMTS-13 to the long VWF strings.24–27

A small fraction of patients treated for arterial thrombosis 
with the platelet P2Y12 adenosine diphosphate receptor-inhibiting 
thienopyridine drugs, ticlopidine (Ticlid) or clopidogrel 

Figure 2. Domain structure of ADAMTS-13, the VWF-cleaving metalloprotease. MP = metalloprotease (proteolytic) domain; TSP = thrombospondin-1-like 
domain (a total of eight); CUB = two similar, non-identical domains (CUB-1 and CUB-2) containing peptide sequences found in complement components 
C1r/C1s, a sea urchin protein, and a bone morphogenic protein. ADAMTS-13 has a molecular mass of about 190 kD, and is produced in endothelial and hepatic 
stellate cells. The gene for ADAMTS-13 is on chromosome #9.

Figure 3. (A) Normal protection from microvascular thrombosis: In normal individuals, ADAMTS-13 enzyme molecules from the plasma attach to, and then 
rapidly cleave, long “sticky” VWF multimeric string-like structures secreted from stimulated endothelial cells. Cleavage occurs at an exposed 1605–6 peptide 
bond in VWF monomeric subunits. (B) TTP = ADAMTS-13-defi cient types (familial or autoantibody-induced). Absent or severely reduced activity of ADAMTS-13 prevents 
the timely cleavage of the long VWF multimeric strings secreted by stimulated endothelial cells. Platelets adhere and aggregate onto the uncleaved long VWF strings. Severe 
familial defi ciency of ADAMTS-13 activity caused by gene mutations, or profound inhibition of ADAMTS-13 activity caused by acquired autoantibodies, result in a propensity 
for TTP. Episodes are especially likely to occur in the absence (or severe reduction) of ADAMTS-13 if there is increased concurrent endothelial cell secretion of long VWF 
strings (e.g., in the presence of infl ammatory cytokines, estrogen, or certain bacterial toxins). CUB represents the two nonidentical C-terminal CUB domains of ADAMTS-13; 
MP represents the N-terminal metalloproteasse domain.



369VOLUME 2 • ISSUE 5WWW.CTSJOURNAL.COM

Moake � Thrombotic Microangiopathies

(Plavix) develop TTP within a few weeks aft er the initiation of 
therapy.31–34 Antibodies that inhibit plasma ADAMTS-13 have 
been demonstrated in a few of these patients.31,33,34 It has been 
suggested that the immune dysregulation induced by these 
similar thienopyridine compounds may be analogous to the 
anti-RBC antibody “escape” associated with the once-popular 
antihypertensive drug, α-methyldopa (Aldomet).34 An alternative 
possibility is that the binding of thienopyridines to P2Y12 molecules 
on endothelial cell (and other cell) types may, in a fraction of 
exposed individuals, initiate anomalous intracellular signaling 
patterns or provoke antibody production against thienopyridine 
(as hapten)-bound P2Y12 protein complexes on cell surfaces. 
Malfunction or injury to endothelial and other cells with surface 
P2Y12 receptors (lymphocytes, CD34 stem cells) may result.34

Plasma ADAMTS-13 activity in healthy adults ranges from 
about 50–180%. Activity is oft en reduced below normal in liver 
disease, disseminated malignancies, chronic metabolic and 
infl ammatory conditions, pregnancy, and newborns.35 With 
the exception of occasional peri-partum women who develop 
overt TTP, the ADAMTS-13 activity in these conditions is not 
reduced to the extremely low values (i.e., < 5–10% of normal) 
found in patients with familial or acquired autoantibody-
mediated TTP.

Th erapy for ADAMTS-13-defi cient types of TTP
During the more than 50 years between the initial description of 
TTP and the fi rst use of plasma therapy, almost all patients died of 
the disease. It is now recognized that normal fresh-frozen plasma, 
the cryoprecipitate-poor fraction of plasma (cryosupernatant), 
and solvent/detergent-treated plasma all contain active 
ADAMTS-13.1,12 Th e infusion about every 2–3 weeks of normal 
plasma into familial TTP patients lacking effective enzyme 
production/release prevents, or reduces the frequency of, TTP 
episodes. Th e plasma t1/2 of infused ADAMTS-13 activity is about 
2–4 days. Some ADAMTS-13 molecules may continue to dock 
and cleave one secreted long VWF string aft er another over an 
even longer time period.1,13,14

Adults and some older children with acquired ADAMTS-13 
autoantibody-mediated TTP require daily plasma exchange until 
remission. Plasma exchange combines the infusion of fresh-frozen 
plasma or cryosupernatant (containing uninhibited ADAMTS-13) 
with plasmapheresis (which may remove autoantibodies against 
ADAMTS-13 and cytokines that stimulate endothelial cells to 
secrete long VWF strings). Although both solvent-detergent–
treated plasma1,12 and methylene blue/light-treated plasma 
(for inactivation of lipid envelope viruses) also contain active 
ADAMTS-13, the lower-than-normal protein S quantity in 
solvent-detergent plasma has restricted its use.

Plasma exchange allows about 80–90% of acquired 
ADAMTS-13 autoantibody-mediated TTP patients to survive 
an episode, usually with minimal organ damage.1,36 Lower titers 
of autoantibodies are associated with better responses to plasma 
exchange procedures. Production of ADAMTS-13 autoantibodies 
may be suppressed by high-doses of glucocorticoids, 4–8 weekly 
injections of rituximab (monoclonal antibody against CD20 on 
B-lymphocytes), or removal of autoantibody-producing cells by 
splenectomy.1,16 Th ere is a small risk of progressive multi-focal 
leukoencephalopathy (PML) associated with rituximab therapy, 
as with several other immunosuppressive agents.37

ADAMTS-13 has been partially purifi ed17 and produced in 
active recombinant form38 for possible eventual therapeutic use. 

Because a plasma ADAMTS-13 level of only a little more than 
5–10% is suffi  cient to prevent or truncate TTP episodes,1,16,28 gene 
therapy may eventually be used to extend remissions in familial 
TTP patients.

In 1988,39 Phillips et al. discovered that a triphenyl-methyl 
compound, aurin tricarboxylic acid (ATA), binds to large and 
ultra-large VWF multimers and prevents VWF attachment to 
GPIbα. Ιt was subsequently found that polymeric forms of ATA 
could inhibit coronary thrombosis in dogs without causing 
excessive bleeding.40,41 Th is was the fi rst demonstration that 
inhibiting VWF-platelet adhesion might be an eff ective approach 
to antiarterial thrombotic therapy (Figure 4).39–41 ATA has not 
been formulated for testing in humans, however, and so there 
is no information available on possible effi  cacy or toxicity of the 
parent compound (or any chemical derivative).

Recently, a similar concept for inhibiting arterial thrombosis 
has been used as the basis for constructing an anti-VWF aptamer. 
Th is polymer inhibits, as does the polymetic form of ATA, VWF-
platelet adhesion. Th e newly designed anti-VWF aptamer, so far 
designated “ARC-1779,” is an oligonucleotide that binds to the 
VWF A1 domain and blocks A1 domain binding to the platelet 
GPIbα component of GPIbα-IX-V complexes (Figure 4).42

ARC has been approved by the FDA for use in TTP as an 
“orphan drug” because, in preliminary trials, it was eff ective in 
the treatment of a few patients with relapsing and refractory 
types of TTP.43,44

Other Thrombotic Microangiopathies
Systemic or predominantly renal microvascular platelet clumping 
(+/– fi brin polymer formation), thrombocytopenia, erythrocyte 
fragmentation, and increased serum levels of LDH are also 
characteristic of the other thrombotic microangiopathies 
discussed below. Unlike ADAMTS-13-defi cient types of TTP, 
the entities to be summarized are not usually associated with 
absent or severely reduced plasma ADAMTS-13 activity.1,16,45 
Th is latter fi nding may explain the poor response of patients with 
these disorders to plasma infusion or exchange.

Hemolytic-Uremic Syndrome (HUS)
Acquired HUS is frequently preceded by hemorrhagic enterocolitis 
that is caused by the inadvertent ingestion of cytotoxin-producing 
serotypes of E. coli (e.g., 0157:H7) or Shigella species.1,46 Shiga 
toxin (Stx)-1 and Stx-2 produced by enterohemorrhagic E. coli 
are relatively common causes of bloody diarrhea-associated 
HUS (Figure 5). Th is disorder is the result of obstruction of the 
glomerular microvasculature by platelet-fi brin thrombi. Stx-1 
and Stx-2 stimulate the rapid and profuse secretion of long VWF 
multimeric strings from endothelial cells, including glomerular 
microvascular endothelial cells.47 Platelets immediately adhere to 
the secreted long VWF strings, and the rate of platelet-VWF string 
cleavage by ADAMTS-13 is delayed in the presence of Stx-1 or 
Stx-2.47 (Th e toxins may interfere with ADAMTS-13 binding to 
the VWF strings.) Over the course of about 1 week, progressive 
platelet adhesion to long VWF strings atop Stx-stimulated 
glomerular endothelial cells in diarrhea-associated HUS may 
explain the evolving glomerular microvascular occlusions and 
renal failure.47 Th e “cytokine storm” that accompanies diarrhea-
associated HUS 1,47 potentiates these processes: TNF-α, IL-8, 
and IL-6 (bound to its soluble receptor) stimulate endothelial 
cell secretion of long VWF strings; and IL-6 also interacts with 
the long VWF strings to inhibit the rate of VWF string cleavage 
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(Figure 5).23 Th e incorporation of Shiga toxins into glomerular 
endothelial cells, and the resultant interference with peptide 
synthesis over the course of hours to days, may cause additional 
renal endothelial cell injury and sub-endothelial exposure.47

Th erapy for hemorrhagic diarrhea-associated HUS is, thus 
far, limited to supportive care for the renal and hematological 
complications.

HUS usually occurs as a single episode, except in rare 
individuals who have a familial, recurrent type of the disease.16 
In these latter patients (oft en children) with “atypical” HUS, 
there may be defi cient quantity or defective function of the plasma 
alternative complement pathway regulatory protein, factor H48 
(Figure 6). Th e result is over-activation of complement component 
C3 to C3b whenever the alternative complement component 
pathway is activated. Th e generation of (C3b)2Bb complexes 
activates C5 to C5b, and C5b initiates the formation of C5b678(9)n 

membrane attack complexes that form destructive pores in target 
cell membranes. Th ese latter may include the membranes of renal 
glomerular endothelial cells.

A similar atypical HUS clinical syndrome results from 
familial defi ciencies or abnormalities in the following other 
alternative complement pathway control substances or pathway 
components: membrane cofactor protein (MCP or CD46);49 C3b-
cleaving protease (factor I);50 factor B;51 or C3 itself.52 (Factor B 
and C3 abnormalities are gain-of-function mutations.) (Figure 6) 
Acquired factor H autoantibodies have also been found in a few 
patients with atypical HUS.53–55

It is not yet known whether or not eculizumab, the monoclonal 
antibody to C5 that prevents the formation of the C5b678(9)n 
membrane attack complex, may be useful therapy in “atypical,” 
complement-mediated HUS. (Eculizumab is eff ective treatment 
for paroxysmal nocturnal hemoglobinuria.)

Figure 4. (A) A “close-up” of one of the many monomeric subunits that comprise a long VWF multimeric string. The VWF strings are secreted from endothelial 
cell Weibel–Palade bodies, and remain anchored in the endothelial cell membrane. The A1, A2 (containing the tyr1605–1606met ADAMTS-13 proteolytic cleavage site), 
and A3 domains are shown. (B) Adequate quantities of ADAMTS-13 enzymes are present in the plasma of normal individuals. The two carboxy-terminal CUB domains are 
indicated, and the metalloprotease domain (MP) is drawn as a pincer-like stricture on the amino-terminal portion of the enzyme. Platelets from fl owing blood adhere to the 
long VWF strings immediately after string secretion. Platelet adherence is via platelet GPIbα receptors to the A1 domain of VWF monomeric subunits. ADAMTS-13 attaches 
via its spacer and CUB-1 domain to the A3 domain of VWF monomeric subunits, and cleaves the adjacent tyr1605–1606met bond. ADAMTS-13 cleavage occurs in various 
monomers along the length of VWF multimeric strings that have had their A2 domains unfolded. Unfolding occurs as a result of the propulsive force of VWF secretion from 
Weibel–Palade bodies, and is augmented by the shear stresses associated with fl uid fl ow. (C) Both ATA and a pegylated oligonucleotide, ARC1779, block the interaction of 
the A1 domain of VWF monomers and GPIbα on platelets. ARC1779 is under development commercially for therapeutic use in TTP and arterial thrombosis.
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Transplantation-Immunosuppression, Chemotherapy, 
and Antiangiogenesis Therapy
A thrombotic microangiopathy that clinically more often 
resembles HUS than TTP sometimes occurs weeks to months 
aft er exposure to one of the following: cyclosporine or tacrolimus 
(FK 506), inhibitors of the protein phosphatase 2B (calcineurin) 
that are oft en used as immunosuppressants with allogeneic bone 

marrow or solid organ transplantation; mitomycin; gemcitabine; 
bevacizumab (Avastin) or sunitinib (Sutent); combinations of 
chemotherapeutic agents; and/or total-body irradiation.56–58 Clues 
to the cause of several of these entities have emerged recently.

Cyclsporin and tacrolimus
Cyclsporin, a cyclic nonapeptide, and tacrolimus, a macrolide, 
inhibit protein phosphatase 2B (calcineurin) in immune and 
endothelial cells. Th e biochemical eff ect is to maintain some 
proteins in a phosphorylated state for a prolonged time. 
Cyclosporin- or tacrolimus-treated endothelial cells profusely 
secrete long VWF multimeric strings.59 Th is vigorous secretion 
may slowly overwhelm the capacity of ADAMTS-13 to defend 
the microvasculature against platelet thrombotic occlusion and 
thrombotic microangiopathy.

Th ere may be some analogy between the pathophysiology of 
cyclosporin/tacrolimus-associated thrombotic microangiopathy 
and both diarrhea-associated HUS (described previously) and sepsis/
DIC/renal failure. In sepsis/DIC/renal failure, cytokine-stimulated 
VWF string secretion from stimulated endothelial cells occurs (along 
with progressive consumption of plasma ADAMTS-13).60

Treatment for transplantation-immunosuppression-
induced or chemotherapy-radiotherapy-associated thrombotic 
microangiopathy is, to date, limited to supportive care and the 
discontinuation of any putative off ending drug.

Bevacizumab and sunitinib
Bevacizumab (Avastin) is a humanized monoclonal antibody that 
binds/inactivates vascular endothelial growth factor (VEGF). It 
has been used as adjunctive antiangiogenesis therapy for various 
malignant solid tumors. Unfortunately, in some patients the 
antibody may also bind so much of the VEGF produced naturally by 
the patients’ renal epithelial podocytes that it results in glomerular 
endothelial cell dysfunction and a HUS-like disorder.56 Inhibition 

Figure 5. Proposed pathophysiology of the diarrhea-associated hemolytic-uremic syndrome (HUS) that is most common in North America. (A) Enterohe-
morrhagic E. coli injure and efface colonic mucosa and induce bloody diarrhea, and produce Shiga toxins-1 and -2. These toxins are transported by white cells and platelets 
through the bloodstream to globotriaosylceramide (Gb3) receptors that are present in high concentrations on glomerular endothelial and other renal cells. (B) In response to 
the Shiga toxins, and elevated levels of circulating infl ammatory cytokines (TNF-α, IL-8, IL-6), glomerular endothelial cells profusely secrete long “sticky” VWF strings. The Shiga 
toxins, in conjunction with one of the infl ammatory cytokines (IL-6), also slow the rate of ADAMTS-13-mediated cleavage of cell-bound VWF strings. The result is excessive 
platelet adhesion/aggregation on VWF strings atop glomerular microvascular endothelial cells over the course of about 1 week, progressive loss of nephron function, and 
increasing renal failure.

Figure 6. The alternative complement pathway and atypical (recurrent) 
HUS. C3b � activated complement factor C3. B � complement factor B, which is 
activated to Bb by complement factor D. (C3b)2Bb � the alternative complement 
pathway active C3 convertase that is stabilized by properdin (P). H � plasma fac-
tor H, which displaces Bb from C3b and allows its inactivation to iC3b by plasma 
complement factor I (C3b-cleaving protease). MCP � membrane cofactor protein, 
which functions on cell membranes as factor H functions (predominantly) in plasma. 
Heterozygous mutations in factor H, less commonly MCP, or least commonly factor 
I cause increased susceptibility to a familial, recurrent type of HUS. Rare gain-of-
function mutations in C3 or factor B may also cause the syndrome. The mutations 
known to be associated with atypical, recurrent HUS are shown in red. The rare 
production of autoantibodies to factor H also causes aytpical HUS.
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of the VEGF receptor-1 tyrosine kinase signaling mechanism by the 
anti-neoplastic agent, sunitinib (Sutent), may also cause thrombotic 
microangiopathy in occasional recipients of the drug.57

Discontinuation of the off ending agent is the therapy for 
drug-associated thrombotic microangiopathy.

Preeclampsia/HELLP Syndrome
The bevacizumab effect has a pathophysiologic analogy to 
the preeclampsia/HELLP syndrome (hemolysis-elevated liver 
enzymes-low platelets), a serious microangiopathic complication 
of pregnancy.61 In preeclampsia/HELLP, the hypoxic placenta 
releases soluble extra-vascular domains of at least two receptors 
for angiogenic factors: soluble VEGF receptor-1 (also known 
as soluble fms-like tyrosine kinase receptor-1, or sfl t-1), which 
binds/inactivates VEGF; and soluble endoglin (Eng), which 
binds/inactivates transforming growth factor (TGF) β-1 and 
TGF β-3. Th ese circulating soluble portions of pro-angiogenic 
receptors prevent VEGF and TGFβ-1/-3 from binding to their 
physiologic receptors in cell membranes and, therefore, contribute 
to (or primarily cause) the progressive renal dysfunction/
hypertension and hepatic necrosis in preeclampsia and the 
HELLP syndrome.61

Delivery of the fetus and placenta is usually eff ective therapy 
in preeclampsia/HELLP syndrome. It is not yet known if some 
VEGF formulation may be useful adjunctive treatment for these 
entities.

Chemotherapy–Radiotherapy
It is also not known if an excessive release of one or more soluble 
angiogenic receptors from neoplastic cells during chemotherapy/
radiotherapy might cause thrombotic microangiopathy in a 
fraction of patients under treatment for malignant disorders.

Conclusion
Considerable progress in elucidating the pathogenesis of several 
types of thrombotic microangiopathies has been made in recent 
years. Table 1 summarizes these advances in knowledge. Perhaps 
the emerging clues will eventually help unravel the causes of the 
still-mysterious types of thrombotic microangiopathies and lead 
to overdue therapeutic breakthroughs.
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