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Introduction 
Hematopoietic stem cells (HSCs) are rare self-
renewing, multipotent cells essential for lifelong 
blood cell production. Their unique ability to durably 
sustain hematopoiesis underpins their critical role in 
HSC transplantation and in an expanding range of 
cell and gene therapy (CGT) applications1. 

Manufacturing HSC-based CGT products is a 
complex and resource-intensive process requiring 
tight control of multiple Critical Quality Attributes 
(CQAs) to ensure product quality, safety and 
consistency (Table 1). Failure to meet release 
specifications, particularly for CD34⁺ cell dose or 
purity, may result in lot rejection. Such failures can 
delay treatment in patients with severe or life-
threatening conditions, increase manufacturing 
costs, disrupt supply chains, and raise regulatory 
concerns regarding process consistency and 
control.  

This white paper examines how starting material 
characteristics, cell manipulation steps, and 
formulation processes influence CD34+ cell dose 
and purity. It also describes how incorporation of the 

small molecule UM171 during ex vivo culture can 
improve expansion, preserve stem cell properties 
and enhance manufacturing robustness.  

Factors influencing CD34+ cell dose and 
purity  
The therapeutic eƯectiveness of HSC-based CGT 
products is tied to delivering an adequate dose of 
functional CD34+ cells. In transplantation settings, 
higher CD34+ doses are associated with faster 
engraftment, reduced graft failure, and improved 
hematopoietic recovery.2  

Gene therapy eƯicacy is governed by both the 
functional impact of the genetic modification and 
the dose-dependent engraftment and persistence of 
modified CD34+ cells. Purity is equally important. 
Reduced CD34+ cell purity limits the number of stem 
and progenitor cells available for durable 
hematopoietic reconstitution. The presence of non-
target CD34- cells introduces variability in product 
composition and may increase regulatory scrutiny 
related to safety and consistency. 

 

CQA Description Example of general test parameters in HSC-based CGT 

Identity Confirmation that the intended 
therapeutic cell type is present Presence of CD34+ cells  

Purity Adequate proportion of target 
cells relative to non-target cells Percentage of CD34+ cells 

Quantity Availability of required clinical 
dose at formulation Total viable CD34+ cell number; dose per kg of patient weight 

Potency Functional activity of the cells  Viability, colony forming unit (CFU) assay, on-target editing frequency 

Safety Absence of contaminations  or 
unintended alterations Sterility, mycoplasma, endotoxin,  adventitious virus testing 

Table 1. Generalized CQAs for HSC-derived CGT products. 
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From cell collection to final formulation, each 
manufacturing step can aƯect CD34+ cell dose, 
purity and functional integrity. CD34⁺ cell attrition 
and phenotypic drift may occur cumulatively across 
the workflow rather than at a single isolated step 
(Figure 1). Although specific processes across CGT 

platforms, the principal drivers of variability can be 
broadly categorized and generalized (Table 2). 
Failure to adequately control these variables 
increases the risk of not meeting release 
specifications for identity, purity, potency, or dose at 
final product release. 

 
Figure 1. Simplified manufacturing workflow. CD34+ cell loss, reduction in CD34 purity, potency or stem cell activity, can take 
place at diƯerent steps during CGT products manufacturing. 

Manufacturing 
Step 

Impacting 
Variable 

Reasons and Consequences  

CD34+ cell 
collection  

Low CD34+ cell 
count 

Yield varies by source and donor factors. Peripheral blood depends on 
mobilization eƯiciency and prior treatments. Bone marrow yield is influenced 
by harvest technique and donor characteristics. Cord blood frequently fails to 
meet minimum CD34⁺ dose requirements4. Higher patient body weight 
increases required cell dose. 

Isolation and 
enrichment 

Low recovery and 
purity 

Magnetic bead-based isolation eƯiciency and starting material quality (e.g., 
RBCs, platelets) directly aƯects CD34⁺ purity and recovery. 

Ex vivo activating 
culture 

Reduced HSC 
function 

Pre-editing activation (48-72h) enhances homology-directed repair eƯiciency 
by promoting cell cycling. However, even short culture periods can induce 
diƯerentiation and reduce long-term HSC functionality5,6. 

Genetic 
manipulation Cell loss Gene modification methods, including viral transduction and electroporation, 

can reduce CD34+ yield, viability, and functional capacity. 

Expansion/ 
resting phase 

Reduced purity 
and potency 

Culture media composition influences CD34+ cell expansion and maintenance. 
Suboptimal conditions can lead to poor growth, diƯerentiation and reduced 
viability5,6. 

Formulation and 
cryopreservation Cell loss Processing, freezing, and thawing steps reduce viable CD34⁺ cell numbers, 

requiring higher starting input to meet dose specifications.  

Table 2. Manufacturing steps most prone to aƯect CD34⁺ cell dose and purity in CGT products. 
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The impact of ex vivo culture  
Ex vivo culture is an unavoidable component of most 
CGT workflows. It is required for genetic 
modification and for quality control assessments of 
identity, functionality, and genomic integrity. 
However, cell culture can have a detrimental impact 
on stem cell quality, by rapidly inducing 
diƯerentiation and reducing stem cell activity. Even 
limited exposure to ex vivo conditions has been 
shown to diminish long-term repopulating 
potential⁵. Culture-induced attrition of primitive 
HSCs directly contributes to variability in CD34⁺ 
dose, purity, and potency at final release. 

Strategies that enhance CD34⁺ expansion while 
preserving stemness are therefore critical to 
improving manufacturing reliability. 

UM171 as a strategy to improve CD34⁺ 
yield and stem cell preservation 
UM171 is a pyrimido-indole small molecule 
enhancing ex vivo expansion of CD34+ cells while 
preserving their stemness3. 

In mobilized peripheral blood cultures, UM171 has 
demonstrated greater than 30-fold expansion of 
CD34+ cells over a 7-day culture period relative to 
input cell numbers, with improved maintenance of 
CD34+ purity compared to culture without UM171 
(Figure 2). Similar expansion has been observed in 
cord blood- and bone marrow-derived CD34⁺ cells⁷. 

UM171 has been incorporated into various CGT 
workflows, including Cas9-AAV6-based gene editing8 
and lentiviral transduction9. Clinical studies 
involving over 100 patients have demonstrated 
safety and feasibility of UM171-expanded grafts in 
hematologic malignancies10-12. 

At the cellular level, UM171 acts as a molecular glue 
that stabilizes the CRL3-KBTBD4 complex, 

preserving epigenetic programs associated with 
HSC self-renewal and limiting culture-induced 
transcriptional drift 13,14. By mitigating stem cell 
attrition during ex vivo manipulation, UM171 
supports expansion of primitive CD34+ cells and 
improves the likelihood of achieving target release 
specifications. 

Manufacturing, clinical and economic 
implications  
Enhanced CD34⁺ expansion with UM171 oƯers 
several practical advantages: 

• Increased probability of meeting dose and 
purity specifications 

• Reduced dependence on large starting material 
volumes 

• Lower consumption of costly gene-editing 
reagents by starting with fewer cells 

• Improved manufacturing consistency across 
variable donor sources 

• Alleviate the burden of extensive cell harvesting 
procedure 

Importantly, variability in stem cell mobilization 
remains a key limitation in donor-derived workflows. 
A subset of donors—commonly referred to as poor 
mobilizers—fail to achieve adequate CD34⁺ yields. 
Mobilization failure occurs in 5–30% of donors and 
patients¹⁵. Improved expansion with small 
molecules such as UM171 reduces pressure on 
collection yields and may mitigate clinical risk 
associated with poor mobilization. 

UM171 is used as an ancillary reagent during 
manufacturing and can be washed out to trace 
levels following expansion. GMP-grade material is 
available and supported by a Drug Master File 
(DMF), facilitating regulatory integration into CGT 
workflows.
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Figure 2. Mobilized peripheral blood-derived CD34+ cells expanded for 7-days with or without UM171. Culture with UM171 
increases total CD34+ cell numbers while preserving CD34 expression, as assessed by ISHAGE gating strategy16. 
 

Conclusion 
Manufacturing HSC-based CGT products requires 
strict control of CD34⁺ cell dose, purity, and 
functional integrity. Variability in starting material 
and sensitivity to ex vivo manipulation create 
significant risk of lot failure and regulatory concern. 
 

Incorporating UM171 during ex vivo culture 
represents a clinically validated strategy to enhance 
CD34⁺ expansion while preserving stem cell 

properties. By improving yield, maintaining purity, 
and reducing reliance on high starting cell numbers, 
UM171 supports more robust, scalable, and 
economically sustainable CGT manufacturing. 
 

As demand for HSC-based therapies continues to 
grow, improving manufacturing consistency will be 
essential to ensuring reliable patient access and 
long-term clinical and commercial success. 
 

 

Where to source UM171  

UM171 is a patented small molecule for ex vivo use. ExCellThera holds the exclusive worldwide rights to UM171 
patents and is the only authorized source of UM171. If you wish to source and use UM171, please see 
www.UM71.com. 
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