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Introduction

Lentiviral vectors (LVV) encoding for erythroid-specific expression of a T87Q variant of adult
human B-globin (BT87Q) have been used in multiple clinical trials. Despite the FDA approval
of B-globin gene therapies, Lyfgenia and Zynteglo, a reliable companion diagnostic for the
vector-encoded gene product is lacking. Protein-based assays (immunocytochemistry, flow
cytometry) are unable to distinguish the single BT87Q amino acid change. Reversed phase-
high performance liquid chromatography (RP-HPLC) is not quantitative due to the absence of
a BT87Q reference standard, and remains a technically demanding method. With these
limitations in mind, our group developed a T87Q variant-specific nucleotide amplification
assay to selectively and quantitatively detect the BT87Q globin transcript, even in the
presence of wild-type (WT) B-globin.

Methods

A series of intron-spanning PCR primers were designed within exon 2 (which encodes the
T87Q change) and exon 3 of the LVV-encoded B-globin genomic sequences. Specifically, exon
2 sense primers were designed with identical sequence to either WT or fT87Q globin,
whereas Exon 3 antisense primers were designed with specific modifications to match both
the T87Q and WT sequence. The assay was validated by using T87Q or WT B-globin
containing plasmid DNA (0.1 to 5 ng), RNA isolated from either human K562 erythroleukemia
cells transduced with WT or BT87Q globin LVV (MOI 3 and 10) or healthy donor CD34+ cells
transduced with the same LVVs (MOI 50) and differentiated into erythroid cells. Total RNA
was reverse transcribed into cDNA for semi-quantitative SYBRGreen PCR using the specific
T87Q or WT primer pairs; the ribosomal gene RPL13A served as a cellular control. For
absolute quantification of transcripts, in vitro transcribed BT87Q globin mRNA was produced
and used to create a standard curve of known copies (range 10° — 10° copies) per reaction.

Results

Specificity: Upon primer optimization, T87Q primer pairs produced specific PCR products
from BT87Q plasmid DNA, but not the WT version. Reciprocally, WT primer pairs amplified
the WT B-globin sequence, but not BT87Q. The outcome was the same using RNA extracted
from K562 cells transduced with BT87Q or WT globin LVV (MOI 3 and 10).



Biological Accuracy: Healthy human donor CD34+ cells were transduced with BT87Q or WT
globin LVV (MOI 50) and differentiated into erythroid cells. The T87Q primer pairs only
amplified the specific T87Q transcript, and not the endogenous B-globin, overexpressed WT
B-globin or alternative endogenous globin genes, a-, y-, and &-globin.

Quantitative Ability: The standard curve consisting of in vitro transcribed BT87Q mRNA
(range 10° — 10° copies/reaction) was used to calculate absolute copy numbers of BT87Q
transcripts in clonal K562 cell lines harboring known BT87Q LVV proviral integrants (vector
copy number (VCN); range 1 — 10) as well as K562 cells or erythroid progeny of CD34+ cells
transduced with increasing MOI of a BT87Q LVV.

Conclusion

This assay provides a precise, sensitive, and quantitative method to measure BT87Q globin
expression in erythoid progeny of LVV transduced CD34+ hematopoietic stem cells. By
integrating these results with hematological metrics, like total hemoglobin, this companion
diagnostic assay could define the expression thresholds necessary for treatment efficacy,
and has the potential to become a simple prognostic benchmark for monitoring patient
outcomes in T87Q B-globin gene therapies.
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