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Supporting Information 
 
RESULTS 

Production of hprt-null immunodeficient mice 

 The nude (athymic) hprt-null mouse was produced using the breeding strategy in 

Supplementary Fig. S1.  Briefly, a B6 nu/nu female was crossed with a B6 male carrying 

an hprt-null allele, and these offspring (mice A and B) were crossed to produce nude 

hprt-null hemizygous males and nude hprt-null homozygous females (mice C and D) and 

nu/wt hprt-null homozygous females (mouse E).  Mice C and E are bred to maintain the 

colony. The second mouse (SCID hprt-null) was produced using the breeding strategy in 

Supplementary Fig. S2.  This was considerably more difficult due to the close position 

(20 centimorgans) of both the hprt and IL2Rγ genes on the X chromosome.  We crossed 

an hprt-null B6 female mouse (mouse B) with a male NSG mouse (mouse A) with the 

goal of producing a female mouse containing the hprt-null allele on one X-chromosome 

and IL2Rγ on the other (mouse D).  Through meiotic recombination we were able to 

obtain mice in which both mutant alleles resided on the same X-chromosome (mice E and 

F).  These were then used to produce the homozygous female (mouse G) (see Methods 

for additional details).   

The need for facile elimination of stromal cells may be especially useful for 

isolation of neoplastic cells from cancer precursor lesions, such as colon adenomas or 

pancreatic intrapapillary mucinous neoplasms (IPMNs), where there is even less growth 

advantage of the precursor neoplasms relative to the normal cells(1, 2). Accordingly, we 

produced the third mouse, NSG hprt-null, using speed congenics by backcrossing the 
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SCID and IL2Rγ mutations onto the NOD background (see Methods). These mice may 

also be useful for isolating leukemia cell lines, which cannot be propagated in nude mice. 

 

 

 

METHODS 

General mouse maintenance and breeding 

 The study protocol was approved and mice were kept under the guidelines of the 

Johns Hopkins University Institutional Animal Care and Use Committee. Mice were 

maintained in groups of two to five, with a 12-hour dark-light cycle and unlimited access 

to food and water. For breeding, one male mouse was placed in a cage with 2-3 female 

mice. Mouse pups were weaned from their mothers at 3 weeks, ear tagged, tail snipped, 

and genotyped as described below. The founder hemizygous hprt-null B6 male (X∆Y) 

was generously provided by one of us (HAJ)(3). This founder male was bred with 

C57BL/6 (B6) females in a preparatory cross to produce heterozygous females. The 

original male B6.Cg-Foxn1nu (nu/nu) and the triple immunodeficient NSG (NOD.Cg 

Prkdcscid IL2Rγtm1Wjl/SzJ) mice were obtained from The Jackson Laboratory for breeding 

purposes.   

 

Breeding Strategy and production of nude hprt-null mice. 

After confirming the hprt defect by genotyping (Supplementary Fig. S3) and 

phenotyping (data not shown), we used the breeding scheme shown in Supplementary 

Fig. S1 to derive mice that are both nude (nu/nu, foxn1) and hprt defective. Female B6 
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heterozygous hprt-null mice (X∆X) were first crossed with male B6Foxn1nu/nu mice (cross 

#1). From this cross, hemizygous hprt-null, nu/wt males (mouse A), and heterozygous 

hprt-null, nu/wt females (mouse B) were produced. Mice A and B were then crossed 

(cross #2) to generate hemizygous hprt-null nu/nu males (mouse C), homozygous hprt-

null nu/nu females (mouse D), and homozygous hprt-null, heterozygous nu/wt females 

(mouse E). To maintain the colony, mice C and E were used to generate homozygous 

hprt-null, nu/nu mice at high efficiency (cross #3), analogous to that done with standard 

nude mouse colonies. 

  

Breeding Strategy and production of SCID and NSG hprt-null mice. 

  We produced the SCID hprt-null mouse, which is also IL2Rγ mutant 

(Supplementary Fig. S2).  As both the hprt-null allele and the IL2Rγ mutations are 

closely located on the X-chromosome, we first produced a female mouse in cross #1 

where each of the X-chromosomes contained one of these mutations (mouse D). As these 

genes are located about 20 centimorgans apart, her oocytes were expected to have 

undergone meiotic recombination placing our two genes of interest onto the same X-

chromosome (cross #2) only ~10% of the time (mice E and F).  Finally, in cross #3, we 

bred the double mutant recombinant X-chromosome to homozygosity in females (mouse 

G). The fourth cross is used to maintain the colony. Testing fibroblasts from tail snips 

from cross 4 mice and control mice in HAT and 6TG gave the expected results, similar to 

that in Fig. 1C, thereby confirming the genotyping data (not shown). 

 

Backcrossing onto the NOD background 
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 Backcrossing onto the NOD background was accomplished using NSG mice and 

alternating the sex of the offspring selected in each generation.  For each set of offspring, 

we first determined which offspring contained the hprt-null, SCID, and IL2Rγ alleles. We 

performed 5 backcrosses using speed congenics and 200 informative homozygous SNPs 

(Genescreen, Harlan Indianapolis, Indiana) and compared results to those for NOD and 

B6 strains.  Speed congenics is a method to perform backcrossing onto a particular strain 

more quickly by selecting the offspring from litters that most closely resemble the desired 

target background(4).  It is based on the high-degree of genetic variation among siblings, 

which can vary by as much as three-fold.  For example, offspring from the second 

backcross varied from 12-34% B6 heterozygous, and from the third backcross from 4-

13%. Siblings with the greatest number of NOD informative alleles were chosen for 

subsequent rounds of breeding.  Once mice were fully NOD, based on the 200 

informative SNPs, one additional cross between the male and female offspring produced 

homozygous females where both X-chromosomes contained both hprt and IL2Rγ 

mutations.  

 

Mouse Genotyping 

 The wildtype and the mutant hprt alleles were differentiated as described by 

McEwan and Melton(5). Briefly, two separate PCR reactions are performed, one 

detecting the wildtype allele and the other detecting the exon 1 and 2 of the deleted allele 

(Supplementary Fig. S3A). This allows easy differentiation between homozygous or 

hemizygous, and heterozygous hprt-null mice. The Foxn1 nude mutation was genotyped 

as previously described(6). Following PCR amplification of the nu locus, the product was 
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digested with BsaJI (New England BioLabs, Ipswich, MA) and run on an 8% precast 

TBE gel (Invitrogen, Carlsbad, CA) (Supplementary Fig. S3B). Wild type (+/+) mice 

result in only a 90 bp band. Heterozygous mice result in 110 bp and 90 bp bands. 

Homozygous nude (-/-) mice result in only the 110 bp band.   IL2 receptor-γ genotyping 

was performed using a previously described biplex PCR reaction with IL2Rγ primers (5’-

CTTTATTGATAACGATCTATCCCTCACCC-3’ and 5’-

CTCCACTCTGCAGAGTCTATGGAATCC-3’) and neomycin (5’-CTTGGGTGGAGA 

GGCTATC-3’ and 5’-AGGTGAGATGACAGGAGATC-3’) primers which produce 500 

bp IL2Rγ wildtype and 280 bp neomycin resistance gene products respectively 

(Supplementary Fig. S3C). In this regard, the IL2Rγ knockout mice were produced by 

replacing part of exon 3 and exons 4-8 with the neo resistance gene(7). PrkdcSCID 

genotyping was amplified using prkdc primers (5’-GGAAAAGAATTGGTATCCAC-3’ 

and 5’-AGTTATAACAGCTGGGTTGGC-3’) to amplify a 79 bp DNA fragment from 

both alleles.  After digestion with AluI, the wildtype alleles migrate at 68 and 11 bp and 

the SCID alleles migrate at 38, 28, and 11 bp on 8% TBE gel(8, 9)(Supplementary Fig. 

S3D). 
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List of Supplemental Tables 

Supplementary Table 1. Drugs with 40-100% inhibition. 

Supplementary Table 2. Response of Panc502 to 125 anti-neoplastic drugs. 
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Supplemental Figure Legends 

Supplementary Fig. S1. Breeding strategy for production and maintenance of 

the nude hprt-null mouse. Mouse genotypes with percentages of offspring predicted 

from each cross. Foxn1 is the mutation conferring the “nude” (nu) phenotype, and 

delta (∆) symbolizes the exon 1 and 2 deleted hprt-null allele. Gray X’s indicate mice 

that were euthanized. 

 

Supplementary Fig. S2. Breeding strategy for production and maintenance of 

the SCID hprt-null mouse. Mouse genotypes with percentages of offspring predicted 

from each cross. Prkdc, SCID gene. Δ, hprt gene deletion. IL2Rγ mutation. Grey 

X=euthanized. Percentages of offspring of a given genotype that result from the cross 

are shown. 

 

Supplementary Fig. S3.  Genotyping assays. A. hprt genotyping: hprt PCR products 

are separated on a 1% agarose gel. Wild type (+) and null (Δ) alleles are separate PCR 

reactions. Wild type mice result in a 746 bp band in the wild type reaction, and control 

500 bp band in the Δ reaction. Heterozygous females result in a 746 bp band in the wild 

type reaction, the control 500 bp band and a 628 bp band in the Δ reaction. Homozygous 

null females and hemizygous males result in a 628 bp band and the control 500 bp band 

in the null reaction, but no band in the wild type reaction. B. precast 8% TBE gel of 

Foxn1nu PCR products following BsaJI digestion. Heterozygous mice result in a 110 bp 

and 90 bp band. Wild type (+/+) mice result in a 90 bp band. Homozygous nude (-/-) 

mice result in only the 110 bp band.  C.  IL2 receptor-γ genotyping: 1% agarose gel of 
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IL2Rγ PCR products. IL2Rγ wildtype mice result in a 500 bp and IL2Rγ knockout mice 

result in a 280 bp gene product.  D. PrkdcSCID genotyping: SCID PCR products were 

amplified using prkdc primers to generate a 79 bp DNA fragment from both alleles.  

After digestion with AluI, the wildtype alleles migrate at 68 and 11 bp and the SCID 

alleles migrate at 38, 28, and 11 bp on 8% TBE gel.  

 

Supplementary Fig. S4.  Selection of pancreatic cancer cell line, Panc502. Panc502 

from a patient with a family history was isolated after passage in a nude hprt-null mouse, 

and grown with and without HAT for the designated number of days. 

 

Supplementary Fig. S5.  Pharmagram of Panc502 to all drugs in the JHDL.  The 

mean percent inhibition of cell line 502 as a function of the JHDL member number.  Note 

that most of the figure is white, consistent with the lack of activity of the majority of 

drugs. 

 

Supplementary Fig. S6.  Chemosensitivity to topoisomerase inhibitors.   IC50 values 

of topoisomerase inhibitors for 3 low-passage PDAC cell lines.  Error bars indicate 95% 

confidence intervals. 

 

Supplementary Fig. S7.  In vivo response of xenograftted tumors.  Picture of Panc502 

and Panc410 xenografted tumors after 30 days of treatment with nogalamycin, digitoxin, 

or vehicle control.  Tumors were sorted from the largest (left) to the smallest (right). 
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Supplementary Fig. S8.  FM108 ovarian cell line production. Cryopreserved ovarian 

cancer from a standard nude mouse were implanted into an nude hprt-null mouse, 

harvested and culture with (A ,B, C) and without (D, E, F) HAT media and photographed 

at days 0 (A, D), 10 (B, E) and 18 (C, F) of culture. 

  

Supplementary Fig. S9.  Isolation of pancreatic cancer cell line, Panc486.  Panc486 

was isolated after passage in a nude hprt-null mouse, and grown with and without HAT 

for the designated number of days. 
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