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Summary at-a-glance:
During 1-year treatment with 

tafamidis, increased levels and 
activation of cEPCs were 

observed, possibly indicating  
angiogenesis in patients with 

ATTR-CA
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AL amyloidosis, light-chain amyloidosis; ATTR-CA, transthyretin cardiac amyloidosis; CV, cardiovascular; cEPC, circulating endothelial 
progenitor cell.

Introduction 
• Light-chain amyloidosis (AL amyloidosis) and transthyretin cardiac amyloidosis 

(ATTR-CA) are associated with endothelial microvascular dysfunction; 
however, the pathophysiology of this amyloid-induced dysfunction remains to 
be elucidated 

• Circulating endothelial progenitor cells (cEPCs), a population of bone 
marrow-derived cells, play an important role in neovascularization by 
differentiating into endothelial and cardiomyogenic cells

• Low levels of EPCs are predictive of cardiovascular (CV) events and death

• The proven efficacy of tafamidis in ATTR-CA patients generates the hypothesis 
of its potential benefit on coronary microvascular function in this 
patient population

• The key aims of this study were to investigate the level and function of cEPCs
in patients with ATTR-CA receiving tafamidis treatment and to assess the 
effect of the drug on this cell population

Conclusions and implications 
• Tafamidis induced activation of the cEPC pathway, possibly promoting 

endothelial repair in patients with ATTR-CA

• This study may demonstrate a new mechanism of action of tafamidis

• Further investigation is required to confirm the therapeutic effects of novel TTR
stabilizers and RNA silencers on amyloid-induced microvascular dysfunction in 
ATTR amyloidosis 



Methodology
Design
• Prospective analysis of 18 ATTR-CA patients with New York Heart Association (NYHA) functional Class I–III 

who received tafamidis treatment between 2019 and 2021 at the Rabin Medical Center, Israel
Diagnosis of ATTR-CA
• Symptoms and echocardiogram results indicative of ATTR-CA, with strong cardiac uptake (grade ≥2) of 

99mTc-PYP on scintigraphy in the absence of a monoclonal gammopathy
• In the presence of a monoclonal gammopathy, a cardiac biopsy positive for ATTR-CA was required
• Cardiac magnetic resonance (CMR) for further diagnostic confirmation
• Genetic testing for differentiation between hereditary (variant) ATTR amyloidosis (ATTRv amyloidosis) and 

wild-type ATTR amyloidosis (ATTRwt amyloidosis)

*cEPCs were evaluated at baseline before treatment initiation with tafamidis. 
99mTc-PYP,  99mTechnetium pyrophosphate; ATTR-CA, transthyretin cardiac amyloidosis; ATTRv amyloidosis, 
hereditary transthyretin amyloidosis; ATTR-wt amyloidosis, wild-type transthyretin amyloidosis; CMR, cardiac 
magnetic resonance; cEPCs, circulating endothelial progenitor cells; NYHA, New York Heart Association.

Read more: 
page 2 of published paper 
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cEPCs evaluation: pre-specified points
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Handling of cEPC samples

Isolation of cEPCs

• Peripheral mononuclear cells were fractionated using Ficoll density gradient centrifugation
• Cells were isolated and washed with phosphate-buffered saline after red cell lysis

Quantification of cEPCs

• Measurement of cEPC surface markers using flow cytometry:
• CD34+ and CD133+ (immaturity markers), and vascular endothelial growth factor receptor-2+ (VEGFR-2+; 

endothelial commitment marker) 

Functional evaluation of cEPCs

• Measurement of colony-forming units (CFUs*) and MTT assay
• Measurement of VEGF by enzyme-linked immunosorbent assay (ELISA) assays

Statistical analysis

• Wilcoxon signed-rank test for statistical significance (p<0.05)

*A CFU was defined as a cluster of at least 100 flat cells surrounding a cluster of rounded cells. 
cEPC, circulating endothelial progenitor cell; CFU, colony-forming unit; ELISA, enzyme-linked immunosorbent assay; 
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; VEGFR, vascular endothelial growth factor 
receptor.

Read more: 
pages 2–3 of published paper 
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12-month clinical follow-up

• Patients: N=18; median age, 77 years; males, 83%
• No patient experienced an acute coronary event or 

ischemic cerebrovascular incident during the 
12-month follow-up period

• NYHA improvement in 39% of patients (n=7) in Class III; 
39% patients had NYHA Class III disease at baseline 
compared with 18% at Month 12

• Classes I and II remained stable

• Cardiac biomarker levels remained stable
• Troponin T increased from 88 to 106 ng/L (P=0.926)
• NT-proBNP increased from 3784 to 3843 pg/mL (P=0.893)

• Decline in renal function 
• Creatinine increased from 1.24 to 1.67 mg/dL (P=0.054)

NT-proBNP, N-terminal pro b-type natriuretic peptide; NYHA, New York Heart Association.
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• Following 1 month of treatment with tafamidis, both CD34+/VEGFR-2+ and CD133+/VEGFR-2+ cell expression increased (0.43 to 0.88% 
[P=0.008] and 0.49 to 0.75% [P=0.003])

• cEPC expression progressively increased during Month 12 of treatment (CD34+/VEGFR-2+ cell level increased to 2.42% [p=0.002] 
and CD133+/VEGFR-2+ to 1.64% [P=0.004])

The effect of tafamidis on cEPC expression: quantification

cEPC, circulating endothelial progenitor cell; VEGFR, vascular endothelial growth factor receptor.

Read more: 
pages 4–5 of published paper 

cEPC levels before and following the initiation of tafamidis. Percentage levels of CD34+/VEGFR-2+ (A) and CD133+/VEGFR-2+ 
(B) cells at 1, 3, 6, and 12 months following initiation of tafamidis
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The effect of tafamidis on cEPC activity: functionality (I) 

cEPC, circulating endothelial progenitor cell; CFU, colony-forming unit.

Read more: 
page 5 of published paper 

Active cEPCs were evident microscopically by their ability to form colonies 
(from 0.5 CFUs at baseline to 1.0 CFUs at Month 1 [P=0.004] to 3.0 at month 12 [P<0.001])

CFUs before and following the initiation of tafamidis. Number of EPC-CFUs (A) and inverted microscope analysis for 
EPC capacity to form colonies, before and after treatment with tafamidis (B)
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• VEGF levels increased during the 12-month tafamidis 
treatment period (from 54 pg/mL at baseline to 
107 pg/mL at Month 12 [P=0.039])

The effect of tafamidis on cEPC activity: functionality (II)

*The results of the MTT assay performed before and at 1, 3, 6, and 12 months following the initiation of tafamidis; 
†Levels of VEGF as measured by ELISA before and at 6 and 12 months following the initiation of tafamidis and p-
values were calculated at 6 or 12 months vs baseline. 
cEPC, circulating endothelial progenitor cell; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; 
VEGF, vascular endothelial growth factor.

• MTT assay showed increased cEPC levels at Month 12 
(from 0.12 at baseline to 0.18 at Month 1 [P=0.011] and 
to 0.30 at Month 12 [P<0.001])

Read more: 
page 5 of published paper 

MTT assay levels before and following the initiation of tafamidis* VEGF levels before and following initiation of tafamidis†
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Conclusions and implications
Implications 
• These findings indicate possible angiogenesis in 

patients with ATTR-CA following tafamidis 
treatment

• Generalization of results for other stabilizers is 
not possible because only tafamidis was tested

• The co-expression of CD34+ and CD133+ 
VEGF+ cells was not investigated, since their co-
expression frequency in the peripheral blood is 
about 20-fold lower than each separately, thus 
making the quantification of cEPCs less reliable

• More studies evaluating amyloid-induced 
microvascular dysfunction in both ATTRwt and 
ATTRv amyloidosis as well as the preventive role 
of TTR stabilizers and RNA silencers are required

Read more: 
pages 5–7 of published paper 

Links to further useful papers/materials:
Nunes RJ, et al. J Biol Chem 2013;288(44):31752–60; Lee CC, et al. J Immunol 2019;202(3):991–1002.

Discussion points
• Tafamidis promoted the activation and functionality of cEPCs, as 

expressed by elevated cEPC levels and their ability to form colonies and 
secrete growth factors

• Mortality and quality of life improvement with tafamidis could be 
attributed to angiogenesis induction following the progressive and 
gradual long-term rise in cEPC parameters in response to treatment

• Clinical effects of tafamidis were maintained during the 1-year treatment 
period; no NYHA class deterioration, presence of CV events, or increase 
in cardiac biomarkers was observed

• The sample size was relatively small, thus possibly biasing the results. 
Nevertheless, the study design, which was based on paired analysis, 
allowed for the elimination of known and unknown confounders in the 
cohort studied; thus, the authors believe this increased the validity of the 
results

ATTR-CA, transthyretin cardiac amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; ATTRwt
amyloidosis, wild-type transthyretin amyloidosis; cEPCs, circulating endothelial progenitor cells; CV, cardiovascular; 
NYHA, New York Heart Association; RNA, ribonucleic acid; TTR, transthyretin.
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Glossary

• EPCs: cells derived from the bone marrow that differentiate into endothelial cells to help support the 
vascular endothelium and create new blood vessels

• CFUs: a unit used in microbiology to estimate the number of viable bacteria or fungal cells in a sample
• MTT assay: a colorimetric assay for assessing cell metabolic activity

CFUs, colony-forming units; EPCs, endothelial progenitor cells; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide.
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