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Fanconi anemia (FA) is a complex genetic disorder character-
ized by progressive bone marrow (BM) aplasia, chromo-
somal instability, and acquisition of malignancies, particu-
larly myeloid leukemia. We used a murine model containing
a disruption of the murine homologue of FANCC (FancC) to
evaluate short- and long-term multilineage repopulating
ability of FancC —/— cells in vivo. Competitive repopulation
assays were conducted where “test” FancC —/— or FancC
+/+ BM cells (expressing CD45.2) were cotransplanted with
congenic competitor cells (expressing CD45.1) into irradi-
ated mice. In two independent experiments, we determined
that FancC —/— BM cells have a profound decrease in
short-term, as well as long-term, multilineage repopulating

ability. To determine quantitatively the relative production of
progeny cells by each test cell population, we calculated test
cell contribution to chimerism as compared with 1 x 10°
competitor cells. We determined that FancC —/— cells have a
7-fold to 12-fold decrease in repopulating ability compared
with FancC +/+ cells. These data indicate that loss of FancC
function results in reduced in vivo repopulating ability of
pluripotential hematopoietic stem cells, which may play a
role in the development of the BM failure in FA patients. This
model system provides a powerful tool for evaluation of
experimental therapeutics on hematopoietic stem cell func-
tion.

© 1999 by The American Society of Hematology.

ANCONI ANEMIA (FA) is a complex, heterogeneous have also demonstrated a decrease in colony size, possibly
genetic disorder characterized clinically by a predisposi-reflecting a reduction in proliferation of lineage restricted
tion to congenital anomalies, a progressive bone marrow (BM)progenitors. Together these data infer that loss of function of an
aplasia, and the development of malignanéig$he diagnosis  FA protein results in a qualitative or quantitative alteration in
of FA is established by a characteristic hypersensitivity of FAthe progenitor compartment. In addition, the development of
cells to bifunctional alkylating agents such as mitomycin C progressive BM failure in most FA patients suggests that loss of
(MMC) or diepoxybutane (DEB34 This cellular hypersensitiv- FA gene function results in injury to the stem cell, as well as the
ity is manifested by induction of chromosome breaks,#MG ~ Progenitor cell compartment.
cell cycle arrest, and cell death (reviewed in D'Andrea and Recently, two murine models containing a disruption of the
Grompé and Auerbach and VerlandrThe hypersensitivity of ~ Murine homologue ofFANCC (FancQ were developed to
FA cells to MMC has enabled the use of somatic cell fusionfacilitate functional studies of primary cells in vitro and in vivo.
studies to identify eight complementation groups (A to H), Chen et a created a disruption in exon 8 &iancG while
inferring the existence of eight genéBour of the eight genes
have been mapped to different chromosomal IGANCA
FANCC FANCD, FANCG, and the FANCA FANCC, and
FANCGgenes have been clon&é?
Many patients with FA have non-life-threatening congenita
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Whitney et al® used homologous recombination to create acompetitor cells for both competitive repopulation experimefiasicC
disruption in exon 9. In both lines of mice, spontaneousflf and FancC +/+ LDMNC were further purified by fluorescence
chromosomal breaks in splenic lymphocytes were observed, a@&tometry for Scal lin~"4™ cells to be used as test cells.

well as an increase in chromosomal breaks in response to Purification of Scat lin=/dm cells. BM LDMNC from littermates
bifunctional alkylating agents. In addition, a number of abnor-°f €ach genotype were pooled before cell sorting. The cells were
malities in the progenitor cell compartment were identified in €Suspended in cold phosphate-buffered saline (PBS) 0.1% bovine

both murine models, including the hyperresponsiveness oferum albumin (BSA) at a concentration of 1 tx21L0® cells/mL. The
FancC —/— progenitc;rs to MM@2 and a predisposition of cells were stained for 20 minutes at 4°C with the following antibodies:

FancC —/— progenitors to underdo apoptosis in response toScal—phycoerythrin (PE), CD4-fluorescein isothiocyanate (FITC), CD8-
prog 90 apop P FITC, B220-FITC, Macl-FITC, Grl-FITC, and Terl19-FITC. All

inhibitory cytokines’**2The murine line developgd by Whitney antibodies were purchased from PharMingen (San Diego, CA). Cell
et af® dev_elc_Jps an age—dependent decrease in the number ggmples were washed twice and resuspended at a concentration of 5 to
hematopoietic progenitors cultured from the BM, wancC 10 18 cells/mL cold PBS 0.1% BSA. The cells were sorted for Scal
—/— mice developed by Chen et'&ldo not acquire these |in-im celis using a Becton Dickinson (San Jose, CA) FACSTAR sorter
functional abnormalities, suggesting a somewhat milder phenogsing identical sorting gates. This selection enriches for immature
type. Cumulatively, the similarities between in vitro BM assays hematopoietic progenitor and stem cells and excludes all differentiated
in FA patients and those iRancC —/— mice suggest that these cells.
mice will be a good model system to evaluate the rolEaricC Competitive repopulation experimentsNinety 8- to 10-week-old
on short- and long-term in vivo stem cell repopulating ability. female C57BI/6 mice (experiment 1) or B6.BoyJ mice (experiment 2)
A major advantage of using murine models to study genetiavere lethally irradiated (1,100 cGy split dose) before transplantation as
diseases affecting the hematopoietic system is the ability t@reviously described:-*?Limiting dilutions of Scat lin~"™ cells (0 to
evaluate hematopoietic stem cell function by repopulation in3,000 experiment 1 and 0 to 10,000 experiment 2) fiamcC—/— and
vivo, the only universally accepted assay for these cells. ThesgancC +/+ mice were mixed with a constant number of B6.BoyJ
transplantation studies can be accomplished using welllow-density competitor cells (5< 10°). Each cell mixture was
established, competitive repopulation assays, which allow highlyy€Suspended in 0.5 mL of IMDM 2% FCS and injected into the tail vein
accurate, quantitative determinations of stem cell act#i#j. of six lethally |rr_ad|ated recipients. Some mlce*m) were'|rrad_|at.ed,
Congenic mouse strains that differ only in the expression Ofbutdld not receive exogenous cells to be certain that the irradiation dose

tically disti ishable i h the CD45 as lethal and to control for any residual contribution of the host's
genetically distinguishable 1Soenzymes, such as the "“hematopoietic system. Finally, to control for any potential late contribu-

C_D45'2 antigens, allow ldgntlflcgtloq of proggrl){ cells fr(_)m t_WO tion of endogenous hematopoiesis from the irradiated recipient animals,
different stgm cell populat|0n§ with high sensitivity. Comj.ectlon some mice (r= 6) were transplanted with competitor cells only.
of “competitor” cells of one isotype and “test” cells with @ chimerism analysis by fluorescence cytometifail-vein blood
distinct isotype into irradiated recipients provides a means tGsamples (100 pL) were obtained monthly posttransplantation for
identify stem cells that have different capacities to compete foranalysis of chimerism and every other month for multilineage analysis.
repopulation. Peripheral blood cells were incubated in red blood cell (RBC) lysis
We used~ancC—/— mice to address two questions related to buffer (0.16 mol/L NHCI, 0.1 mol/L KHCQ;, 0.1 mmol/L EDTA) for 5
the role ofFancCin regulating hematopoietic stem cell control. minutes at 4°C. The cells were washed twice, resuspended in PBS 0.1%
First, we used the competitive repopulation assay to determin8SA, and aliquoted into seven individual tubes for antibody staining.
whetherFancCis required for normal repopulating ability of Each sample was stained with CD45.1-FITC (B6.BoyJ strain) and
short- and long-term reconstituting hematopoietic stem cellsCP45.2-FITC (C57BI/6 strain) plus four individual lineage markers
Second, because the hematopoietic system is hierarchical ffPnjugated to PE at 4°C for 20 minutes. Samples were washed twice
nature and has multiple compartments, we evaluated Whethé}nd resuspended in PBS 0.1% BSA before analysis by fluorescence

FancCis required to regulate the growth of specific populationscytomEtry' Three mixtures of C57BI/6 and B6.BoyJ cells were stained
of cells. We demonstrate that loss 6&ncC results in a with CD45.1-FITC and CD45.2-FITC individually as controls to assist

f di . tin short dl t lati ¢ with appropriate gate settings and to assure that no errors occurred
protound impairment in short-and long-term repopufating s em_during antibody staining. A total of 5,000 events were collected from

cells. These. data havg significan.ce for yqderstanding the basig, .\, sample. All data were analyzed using CELLQuest software
pathogenesis of the disease and in providing an approach to tegfecton Dickinson). Instrument settings and gates used to analyze data

experimental therapies. were identical from month to month and between genotypes. An
unpaired Student's-test was used to determine whether significant
MATERIALS AND METHODS differences existed in chimerism between genotypes.
Mice. FancC—/— andFancC-+/+ mice (C57BI/6x SV129) were Repopulating unit calculation. Relative repopulating ability of the

backcrossed into a C57BI/6 strain (CD45)2 Congenic C57Bl/6  donor cells compared with the competitor cell population was deter-
(CD45.2) and B6.SJL-PtrcaPep3b/BoyJ (B6.BoyJ) mice (CD4p.1 mined using a repopulating unit (RU) calculation described previously
were purchased from Jackson Laboratories (Bar Harbor, ME) andy Harrison et ak”28 This calculation allows quantitative comparison
maintained in our animal facility. of repopulating ability between different donor cell populations, ie,

Harvesting BM samples.BM cells were flushed from the tibias and FancC—/— andFancC+/+. We calculated RU for mice transplanted
femurs of 6- to 8-week-olancC—/— andFancC+/+ litermatesand ~ With the highest dose of Scallin~/dm cells for both experiments.
B6.BoyJ mice using Iscove’s Modified Dulbecco’s Media (IMDM) Because a constant number of competitors<(%0°) were used for all
(GIBCO-BRL, Gaithersburg, MD) containing 5% fetal calf serum experiments, the following equation was used to compute RU:=RU
(FCS) (Hyclone Laboratories, Logan, UT). Low-density mononuclear5 X Measured Donor Chimerism/(100 Measured Donor Chimerism).
cells (LDMNC) were prepared by centrifugation on ficoll-hypaque Differences in RU between groups were compared using an unpaired
(density, 1.119; Sigma, St Louis, MO). B6.BoyJ LDMNC were used as Student's-test.
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RESULTS isolated, fractionated using ficoll-hypaque separation, and sorted

Chimerism detection using fluorescence cytomet®relimi- by flqorescence-activated cell sorting (FACS) to obtain Scal
nary studies were conducted to evaluate the reliability offin~'*™ cells. The percentage of nucleated BM cells from both
fluorescence cytometry to detect CD45.1 and CD45.2 antigefrancC —/— and FancC +/+ mice that were Scallin=/4™
positive cells over a range of C57Bl/6 and B6.BoyJ cell fanged from 0.4% to 0.5%. The absolute number of nucleated
mixtures. Defined numbers of nucleated peripheral blood cellénd Scat lin~"d™ cells per femur were similar in botRancC
of each respective strain were mixed and stained with antibod=/+ and FancC —/— cells, consistent with previously pub-
ies to either CD45.1-FITC or CD45.2-FITC. Addition of the lished studie¥ (data not shown). These cells were mixed with
measured CD45.1 and CD45.2 percentages was used as &nx 10° competitor cells and injected into irradiated recipient
internal control to verify that the sum of the two percentagesmice.
approximated 100%. The results from these studies are shown Peripheral blood samples were collected from recipient mice
in Fig 1. The experimental result obtained from measuringmonthly after transplantation, and aliquots of cells from each
CD45.1 or CD45.2 was consistently within 3% of the predictedspecimen were stained with CD45.1-FITC and CD45.2-FITC,
value. These results support the use of fluorescence cytometrgspectively. Representative histograms of chimeric peripheral
as a sensitive and accurate methodology to analyze donor ceflood cell specimens from mice transplanted with 5,000 Scal
contribution in animals transplanted with cells expressing thesdin "M FancC +/+ or FancC —/— (express CD45.2) and
two isoantigens over a wide range of chimerism. 500,000 low-density mononuclear competitor cells (express

FancC —/— hematopoietic stem cells have decreased short-CD45.1) 6 months after transplantation are shown in Fig 3. The
and long-term repopulating ability. A schematic of the com- CD45.2 chimerism measured from the mouse transplanted with
petitive repopulation assay is illustrated in Fig 2. BM cells from FancC —/— cells was only 18%, while the CD45.2 chimerism
6- to 8-week-old~ancC—/— andFancC+/+ littermates were in the recipient transplanted withancC +/+ cells was 71%.

) 99/1| 90/10 75/25
i 2575 10/90| 1/99

10°
FLI-H

10 10 10 10 10
FL1-H

Fig 1. Detection of test cell chimerism using fluorescence cytometry. Venous peripheral blood cells were isolated from the tail veins of
C57BI/6 (CD45.2*) and B6.BoyJ (CD45.1*) mice. Defined mixtures of nucleated blood cells from each mouse were stained with antibodies to
CD45.1 ([), CD45.2 (M), or a nonspecific isotype control (CJ) and analyzed using fluorescence cytometry. Each histogram represents the staining
profile of a single cell mixture. The white peak is the isotype control. The gray and black peaks represent CD45.1 and CD45.2 positive cells,
respectively. The numbers in the upper right corner of each histogram show the expected percentages of CD45.1/CD45.2 for each histogram.
CD45.1 and CD45.2 chimerism measured using fluorescence cytometry were consistently within 3% of the predicted value over a wide range of
cell mixtures.
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4 HANELINE ET AL

Donor or test cells

-
(0-10,000 Scal+*lin/dim) -
o
‘mi'
transplant Fig 2. Schematic of competitive repopulation as-
Irradiated host say. Test cells from the BM of FancC —/— and FancC
i CD45.1+ +/+ littermates were isolated and enriched for
i Scal*lin—/dim cells. Each respective test cell popula-
L dmdy : Readout: tion was cotransplanted into irradiated recipient
1 CD45.1 & CD45.2 chimerism  mice with competitor cells from B6.BoyJ mice that
) 2. Multilineage analysis were genetically identical to C57BI/6 mice with the
éorﬁ)gigﬁi?gf 3. Compare -/-to +/+ exception of expression of a different CD45 isoanti-
X gen.

As expected, in each case the sum of CD45.1 chimerisnthimerism was achieved in the recipients transplanted with the
(representing competitor cell proliferation) and CD45.2 chime-highest number of Scdllin—dm cells. Together, the data
rism (representing test cell proliferation) approximated indicate that the short- and long-term repopulating ability is
100% = 3%. markedly reduced ifrancC—/— hematopoietic stem cells over
Short-term repopulating ability is characteristically measureda wide range of input test cells.
1 month after transplantation and long-term repopulating ability FancC —/— Scal" lin—/dm cells have decreased RU activity.
is established by 4 to 6 months after transplantation in theTo compare the repopulating ability betweleancC —/— and
murine systeni®28 The CD45.2 chimerism of all transplanted FancC +/+ hematopoietic cells in a quantitative fashion, RU
mice from a representative experiment at 1, 3, and 6 monthsctivity was calculated as describ&#8 Table 1 contains the
after transplantation is shown in Fig 4. As expected, all animalsRU calculations for two independent experiments. In both
irradiated, but not transplanted with exogenous cells, died in 14&xperiments, th&ancC —/— hematopoietic cells had a lower
days, and recipient animals (CD45)2ransplanted with com-  repopulating ability as compared wiancC +/+ hematopoi-
petitor cells (CD45.1) only had low levels of residual endog- etic cells at each monthly analysis. By 4 months after transplan-
enous CD45.2 chimerism<6%, data not shown). The mean tation, there was a 9-fold to 12-fold difference in RU activity of
chimerism of mice transplanted wilancC+/+ cells 1 month  BM cells from theFancC+/+ andFancC—/— mice.
after transplantation ranged from 15% when 100 Sdart/dim Multilineage analysis of FancC—/— and FancC +/+
cells were transplanted to 55% chimerism when 5,000 Scal hematopoietic cells in reconstituted micelo determine
lin—/dm cells were transplanted. In contrast, the mean chimerisnwhether mice transplanted wifflancC —/— donor cells exhib-
of FancC —/— cells over these same Scalln~/dm concentra-  ited any evidence of a preferential repopulation defect in
tions ranged from 3% to a maximum of 12%. myeloid cells, we evaluated the peripheral blood samples for
Long-term repopulating ability of the two test cell popula- test cell chimerism using a series of antibodies that are specific
tions was determined by evaluating CD45.2 chimerism into myeloid or lymphoid cells. This was accomplished by dual
peripheral blood cells of recipient mice 6 months after transplan-staining cells for simultaneous expression of CD45.2 (test cell
tation. A dose-dependent increase in donor chimerism of micgopulation) and specific lineage markers. The lineages exam-
transplanted withFancC +/+ and FancC —/— cells was ined by two-color fluorescence cytometry included T cell
observed. A mean chimerism of 59% was detected in recipien{CD3), B cell (B220), granulocyte (Grl), and monocyte/
mice transplanted with the highest cell doseFa@ncC +/+ macrophage (Macl). The summary of multilineage analysis for
cells. While there was an increase in chimerism in the recipient& representative experiment 5 months posttransplantation is
of FancC —/— donor cells, only a 10% peripheral blood shown in Table 2. Although there were significant differences in

FancC -/- ° FancC+/+

100

Fig 3. Chimerism of representative irradiated re- 18 % 71 %

cipient mice transplanted with FancC —/— or FancC 2 ] 2]
+/+ BM cells 6 months after transplantation. Repre- ]
sentative histograms of peripheral blood cells ob-
tained from recipient mice transplanted with 500,000
low-density competitor cells expressing the CD45.1
antigen and 5,000 Scal*lin—/dim FancC —/— cells (left
panel) or 5,000 Scal+lin—/dm FancC +/+ cells (right
panel), which express the CD45.2 antigen. Nucleated
cells from aliquots of each specimen were stained
with antibodies to CD45.1 ([1), CD45.2 (M), and the
isotype control (OJ). The contribution of FancC —/—
and FancC +/+ cells to the chimerism is indicated in
the upper righthand corner of each histogram.

Counts
Counts
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Fig4. Summary of chimerism in recipient mice transplanted with FancC —/— or FancC +/+ test cells. Chimerism of peripheral blood cells was
determined by fluorescence cytometry for mice transplanted with FancC —/— (R) or FancC +/+ (®) Scal*lin—/dim cells and 500,000 competitor
cells. The mean chimerism for each Scal+*lin-/dim cell number transplanted was calculated for each genotype, and the data generated at 1, 3, and 6
months after transplantation are summarized in the graphs as indicated. The error bars represent standard error of the means. Twelve mice (six
per genotype) were transplanted at each test cell concentration. *P < .05 FancC —/— cells exhibit a significant decrease in repopulating ability as
compared with FancC +/+ cells over several Scal*lin—/dm cell doses transplanted at every time point evaluated.

the repopulating ability oFancC —/— and FancC +/+ test  stem cells have reduced repopulating ability in vivo as com-
cells, the data demonstrate theancC —/— cells contribute  pared withFancC +/+ cells using a competitive repopulation
equally to lymphoid and myeloid lineages. We conclude thatassay. A key feature of this assay is that the result measures a
these data are consistent with a defect in the pluripotentiafunctional ability of the hematopoietic stem cell and does not
hematopoietic stem cell compartment. rely on phenotypic determinants of output cells. The assay is
extremely sensitive to even small differences in test cell
populations because evaluation of the entire differentiation
FA is the most common genetic cause of BM failére. pathway is analyzed. In addition, the use of a wide series of
Currently, the only cure for the progressive aplasia found in theimiting dilutions of test cells further strengthens the sensitivity
high majority of FA patients is allogeneic BM transplantation. of this assay. Our data in two independent experiments indicate
Many investigators have demonstrated that there is a defect ithatFancC —/— hematopoietic stem cells have a marked early,
the hematopoietic progenitor compartment in FA patiénts.  as well as late, repopulation defect over a 50-fold range of test
However, progenitor assays, which grow in culture over a fewcells.
weeks, do not correlate with in vivo stem cell function. To quantitatively assess the relative difference in repopulat-
Therefore, while the observation that FA patients acquire BMing ability betweenFancC —/— and FancC +/+ cells, we
failure suggests a defect in the stem cell compartment, a formatalculated a repopulating unit activity from recipients who
experimental proof of this hypothesis in human stem cells haseceived 5 to 10,000 Scalin —/dm test cells in two independent
not been conducted. Further, the evaluation of human hematexperiments. These cell doses were chosen because the low
poietic stem cell function experimentally is difficult due to the chimerism detected in mice transplanted with feviiamcC
lack of a quantitative in vitro assay and inherent problems in—/— cells would introduce significant error in the calculation.
transplanting human cells into xenograft systems. Calculated RU activity values generated from dof@ncC
Murine models provide powerful tools for basic research and+/+ cells and transplanted into C57BI/6 recipients were
answering clinical questions that cannot be practically orcomparable to previously published data for normal C57BI/6
ethically addressed in human systems. We used a murine modeiarrow cell?” A 7-fold to 9-fold reduction in early repopulat-
of FancC to determine whetheFancC —/— hematopoietic  ing ability and a 9-fold to 12-fold reduction in late repopulating

DISCUSSION

Table 1. Short- and Long-Term Repopulating Ability of Scal*lin—/dm Donor Cells From FancC —/— and FancC +/+ Mice

Time (mo)

Genotype 1 2 3 4 5 6
Experiment 1

—/= 0.7 £ 0.1* 0.9 + 0.2* 1.2 +0.3* 0.9 + 0.2* 0.7 + 0.2* 0.8 £ 0.3*

+/+ 6.3 0.7 8.0+1.0 81+14 8.1+1.9 8.6 £22 83+%23

Fold A 9 9 7 9 12 10
Experiment 2

== 0.4 = 0.1* 0.3+ 0.1* 0.1 = 0.1* 0.1 = 0.1* 0.1 +0.1* 0.2 = 0.1*

+/+ 2.6 *+0.2 1.1 +0.3 1.0 £0.2 12+02 1.0 0.2 1.7+04

Fold A 7 4 10 12 10 9

Repopulating units are expressed as mean = SEM for six mice per group.
Abbreviation: SEM, standard error of the mean.
*P =< .05.
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6 HANELINE ET AL

Table 2. Donor Contribution to Multiple Lineage Repopulation delineate the consequences of loss FncC function in
5 Months After Transplantation differentiated hematopoietic cells, as well as in hematopoietic
Genotype B220 cD3 GR1 Macl Total progenitor cells. Differentiated splenic lymphocytes freancC
Experiment 1 —/— mice were shown to exhibitincreased spontaneous, as well
- 8+ 3% G-2* 18+ 5% 12+5% 13+ 3* as induced chromosomal aberrations, similar to lymphocytes
+/+ 60+*10 46+9 577 62+7 63=7 from FA patients'® Further,FancC—/— hematopoietic progeni-

Results are expressed as mean + SEM for six mice per group. The tc_’rs are _hyper_sen_'sltlve to MME! and inhibitory _Cyto_
values displayed represent the proportion of cells in individual kines!*20including interferony (IFN-y), tumor necrosis fac-
lineages that are donor cell derived. tor-« (TNF-a), and macrophage inflammatory protein-1n

*P < 05. addition, loss ofFancC predisposes progenitors to inhibitory

cytokine-mediated apoptosi$?? Other studies evaluating the
ability was detected in recipient mice transplanted VigimcC ~ hematologic consequences of in vivo administration of MMC
—/— cells. demonstrated th&tancC—/— mice develop pancytopenia, BM

The test cell chimerism detected in experiment 2 was lower@plasia, and death after serial weekly intraperitoneal injections
than the chimerism noted in experiment 1 (Table 1). PotentiaPf MMC for 3 to 8 weekg! These studies show that hematopoi-
explanations for the lower levels of chimerism detected inetic cells fromFancC —/— mice are hypersensitive in vivo, as
experiment 2 may relate to variability between the two experi-well as in vitro, to bifunctional alkylating agents, analogous to
ments resulting from differences in test or competitor cell human FA blood and BM cells. Together, the previous studies
populations (ie, ficoll-hypaque separation, Stdih—/dm cell and our present results demonstrate that lo§gatCresults in
purification) or differences in the response of the hosts to thea profound alteration in hematopoietic cell function in multiple
conditioning regimen. Two experimental controls were used tohematopoietic compartments.
evaluate this latter possibility. First, we showed that a lethal Recent discoveries have now resulted in the positional
irradiation dosage was administered to both CD45.1 anddentification of four FA complementation types and the cloning
CD45.2 recipients. All irradiated mice that did not receive of three of the cDNAS$:1012These genes account for the genetic
exogenous cells died 10 to 14 days after irradiation. Second, wabnormalities detected in approximately 65% to 70% of known
included a set of control animals (CD45.2) that were trans-FA patients. The isolation of the cDNAs, continued improve-
planted with only competitor cells (CD45.1) to examine whetherments in somatic gene transfer technology, and an improved
residual endogenous hematopoiesis contributed significantly tonderstanding of the role of these proteins in normal cellular
the measured chimerism. Another plausible explanation for thdnvomeostas®-34-28 may allow new pharmacologic and gene
differences between experiments 1 and 2 is that, althouglransfer approaches to ameliorate or cure the hematopoietic
CD45.1 and CD45.2 are isoenzymes, these antigens couldisease. Our studies demonstrating a clear repopulating defect
potentially induce a weak immune response when transplantesh FancC —/— hematopoietic stem cells will allow use of the
into hosts with disparate CD45 antigen expression. Otheccompetitive repopulation assay to determine whethancC
investigators have also suggested this possibility using mildegene transfer will restore normal proliferation FancC —/—
conditioning regimens of the recipient animé&sHowever, cellsin vivo. Such studies will have direct application regarding
despite the difference in absolute test cell chimerism betweerthe ability to correct the proliferation of human hematopoietic
the two experiments, the relative difference in repopulatingstem cells in FA patients.
ability betweenFancC —/— and FancC +/+ test cells was If gene transfer corrects the biochemical defect and restores
similar in both experiments. normal proliferation toFancC —/— hematopoietic stem cells,

The hematopoietic system is characterized by a hierarchy ofwo questions regarding the in vivo consequences of transduced
multiple compartments (ie, stem, progenitor, and differentiatedstem cells will need to be addressed. The first question is: what
cell compartments), as well as cell lineages (ie, myeloid,are the conditions in which the genetically corrected cells will
lymphoid, and erythroid). Loss of specific gene products mayengraft and proliferate? The potential of transduced FA hemato-
affect some lineages and compartments, but not others. In Ffoietic stem cells to engraft and proliferate in the absence of
patients, for instance, there is a selective attrition of myeloidmyeloablation is particularly important, as FA patients are
cells in vivo, while lymphocyte populations remain normal, and hypersensitive to many chemotherapeutic agents and may be at
patients with FA are highly predisposed to myeloid, but notan increased risk for secondary malignancies. It has been
lymphoid leukemias. We used the competitive repopulationpreviously determined in the murine system that wild-type cells
assay to determine whethérancC is required for normal will engraftin the absence of myeloablation when high numbers
lymphoid, as well as myeloid cell repopulation. While we were of donor cells are use®:*°In addition, other investigators have
able to detect profound differences between the repopulatingletermined that significantly higher chimerism of donor cells is
ability of FancC—/— andFancC+/+ test cells, no differential  obtained in nonmyeloablated normal recipients when mobilized
requirement forFancC was detected between myeloid or peripheral blood or BM cells are usé*tIt will be important to
lymphoid lineages. Our observation that recipient mice trans-evaluate the engraftment and in vivo proliferation potential of
planted withFancC —/— cells have an equivalent repopulation transduced-ancC —/—, BM, and mobilized peripheral blood
defect in multiple lineages is consistent with this gene beingstem cells after transplantation into nhonmyeloablafehcC
important in hematopoietic stem cell function FancC —/— —/— mice.
mice. Second, gene transfer, using current strategies, will result in

Murine models ofFancChave recently been used to begin to transduction of only a small subpopulation of the total number
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of hematopoietic stem cells. It remains to be determined what 15. Doneshbod-Skibba G, Martin J, Shahidi N: Myeloid and ery-
the fates of the untransduced stem cells, as well as théroid colony growth in non-anemic patients with Fanconi’s anemia. Br
endogenous stem cells, will be after transplantation. The) Haematol 44:33, 1980

noncorrected cells may remain quiescent, while the genetically 18- Broxmeyer H, Douglas G, Hangoc G, Cooper S, Bard J, English
corrected cells maintain hematopoiesis. There is now prece>: A™Y M, Thomas L, Boyse E: Human umbilical cord blood as a

. - . . potential source of transplantable hematopoietic stem/progenitor cells.
dence for this pattern of clonal proliferation occurring in an FA Proc Natl Acad Sci USA 86:3828, 1989

patient where a somatic reversion resulted in a single stem/ |5 <, . man E Broxmeyer H, Auerbach A, Friedman H, Douglas
progenitor cell restoring normal hematopoietic cell function for g "peyergie A, Esperou H, Thierry D, Socie G, Lehn P, Cooper S
at least 5 year& Alternatively, the population C_Jf untransducgd English D, Kurtzberg J, Bard J, Boyse E: Hematopoietic reconstitution
stem cells may undergo further damage leading to apoptosis g a patient with Fanconi’s anemia by means of umbilical-cord blood
leukemic transformation. TheancC —/— mice will provide a  from an HLA-identical sibling. N Engl J Med 321:1174, 1989

valuable model system to evaluate these basic questions. 18. Chen M, Tomkins D, Auerbach W, McKerlie C, Youssoufian H,
Liu L, Gan O, Carreau M, Auerbach A, Groves T, Guidos C, Freedman
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