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Conclusions
•  Use of ZFN + oligo donor created a much larger deletion than typically observed with ZFN alone. No clones isolated contained a 

deletion spanning exon 3 to 9. The largest deletion identified was 4.3kb.

• HPRT -/o Clone 4 had growth characteristics similar to the parental CHOZN® GS-/- cell line.

•  Growth of HPRT -/o Clone 4 but not CHOZN® GS-/- parental line was completely inhibited in the presence of 0.1mM aminopterin 
(data not shown).

• Cells with restored HPRT expression under aminopterin selection were isolated and characterized

• Bulk stable pools grew poorly and had low IgG expression

• Feeding hypoxanthine and thymidine did not improve growth (data not shown)

•  Removal of aminopterin selective pressure from single-cell clones restored growth, but IgG production remained below the 
detection limit.

• The inhibition of the de novo purine synthesis pathway is taxing on the cells even with complementation of the salvage pathway.

•  These results indicate more optimization of selection and recovery scheme is required for HPRT selection to be used for generating 
biopharmaceutical production cell lines.

Abstract
Hypoxanthine-guanine phosphoribosyltransferase (HPRT) is a key enzyme in the purine salvage pathway in eukaryotic cells, and it is 
widely used as a selectable marker in the hybridoma technology for monoclonal antibody generation. HPRT enables gene amplification 
that is similar to glutamine synthase (GS) and dihydrofolate reductase (DHFR). Unlike GS and DHFR, use of HPRT as a selectable 
marker has encountered a major obstacle for biotherapeutic protein production. The Hprt locus has been reported to have a high 
mutation rate that leads to phenotype reversion in Hprt (-/o) cell lines obtained by spontaneous and chemical mutagenesis. In order to 
overcome this obstacle, we used a novel Zinc-Finger Nuclease (ZFN) mediated genome editing technique and successfully deleted 
a larger portion of the Hprt locus in the CHOZN® GS host cell line [GS (-/-)]. To maximize the deletion size and effectively prevent 
reversion, we used a single-strand oligonucleotide donor method coupled with ZFNs. After 6-thioguanine (6-TG) selection for loss of 
function for HPRT and clone selection, we isolated a clone with a 3.4kb deletion in the HPRT gene, including the complete deletion of 
exon 3. The absence of HPRT protein was also confirmed by immunoblot analysis. This GS/HPRT double knock-out clone was then 
utilized to study recombinant protein expression via GS and HPRT selection methods. HAT (hypoxanthine, aminopterin, thymidine) 
selection was optimized to create “bulk” stable pools producing a human IgG (anti-rabies). IgG-producing clones from the GS and 
HPRT selection pools were isolated and current studies are evaluating the use of both selection methods simultaneously. This is 
part of our ongoing effort of host cell engineering to achieve high expression levels of recombinant therapeutics. A novel amplifiable 
selectable marker in addition to DHFR and GS may provide additional tools, and hence versatility, in future work for producing multi-
subunit recombinant proteins, or even multiple recombinant therapeutic proteins in the same production cell line.
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Background and Methods

Results

Figure 7.
Bulk stable pools were assayed for growth and productivity (Top and Bottom Left). Levels of hypoxanthine and thymidine were 
monitored throughout the growth assay (Top and Bottom Right).

Figure 8.
Single-cell clones were isolated from the bulk pools and assayed for growth and productivity in the presence or absence of aminopterin. 
These clones and 13 additional clones were screened and  found to not produce a detectable amount of IgG (data not shown).

Figure 4.
Clone 4 was isolated and characterized by sequencing of the deletion PCR 
product. Clone 4 has a 4.3kb deletion and contains the 5’ homology arm, HINDIII 
restriction site, and partial 3’ homology arm. The entire exon 3 is deleted and a 
24 bp insertion was detected in intron 3.

Figure 5.
The absence of HPRT was confirmed 
via immunoblot for HPRT -/o Clone 4.

HPRT is an Essential Part of the Purine Salvage Pathway

Restored HPRT Expression Confirmed Via Immunoblot

Growth and IgG Productivity of Bulk Stable Pools Expressing HPRT

ZFN + Oligo Donor Method Used to Create Large Deletion in HPRT Locus

Removal of AMT from Media Improves Clonal Growth but not Productivity

Clone Isolated from ZFN + Donor Transfection Has 4.3kb Deletion
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Figure 6.
Transient expression of HPRT is confirmed on day 3 post-transfection (Lanes 5 and 6).

Figure 2.
ZFNs targeting intron 2 were used in combination with an oligo donor with sequence homology to exons 3 and 9. A HINDIII restriction 
site was included in the oligo donor for confirmation by restriction digest after PCR amplification.

Figure 1.
When aminopterin is used to block the de novo synthesis of purines, HPRT is required to allow for purine synthesis through the salvage 
pathway. 

Figure 3.
HPRT expression constructs. pJ602/HRPT is the DNA 2.0 parental vector and CLE 299 is the SAFC vector containing the Hprt insert. 
CLE 299 was used to create stable cell lines expressing recombinant IgG in the HPRT/GS KO cell line.


