
nonmedical settings. Compliance is easily assessed in patients receiving
oral therapy, because compliant patients will have normal serum
cobalamin levels.1,3 This is not true with respect to the parenteral
regimen, where approximately one quarter or more of compliant
patients will still have low serum cobalamin levels.1

Dr Carmel refers to 2 mg of cobalamin as a ‘‘large,’’ ‘‘huge,’’ and
‘‘massive’’ amount, but it is important to note that 2 mg of cobalamin
readily fits into a single small tablet or capsule. This results in a simple
and convenient treatment regimen that is also inexpensive, free of side
effects, and cost effective.2

In summary, we believe that a number of studies, including ours, have
demonstrated that oral cobalamin therapy is safe and effective for all
causes of cobalamin deficiency and is the treatment of choice for most
patients. Oral cobalamin therapy has been used commonly and success-
fully in Sweden for many years,2 and its use is already increasing in the
United States.8
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Expression of p53, Bcl-2, and Bax in CD34 1 Cells Recovering After Chemotherapy

To the Editor:

We read with interest the report of Wlodarski et al1 published in a
recent issue ofBlood concerning the role of p53 in the recovery of
hematopoieis after cytotoxic treatment. The investigators used as an
experimental model p53 wild-type and p53 knock-out mice treated with
5-fluorouracil (5-FU). They showed that bone marrow (BM) mono-
nuclear cells recovering in p53 knock-out mice contain a higher number
of both primitive and multipotential progenitors than BM cells recover-
ing in p53 wild-type mice. Moreover, p53 knock-out progenitors are
responsible for the long-term engraftment of hematopoiesis when
transplanted in lethally irradiated recipients. Thus, these data undoubt-
edly indicate that p53 is involved in the induction of apoptosis of
hematopoietic progenitors previously exposed to DNA-damaging drugs.

To our knowledge, no data have yet been reported about the
modulation of the tumor-suppressor gene p53 or of its target genes in
human hematopoietic cells after in vivo chemotherapy administration.
To this purpose, we used flow cytometry to evaluate the expression of
p53 and of two apoptosis-related genes,bcl-2 andbax, in CD341 cells
recovering after chemotherapy. We evaluated 5 patients affected by
non-Hodgkin’s lymphomas, candidates for peripheral blood (PB) stem
cell collection and transplantation. All patients received cyclophospha-
mide (7 g/m2) and, from day 2 after chemotherapy, granulocyte
colony-stimulating factor (G-CSF; 5 µg/kg). In all patients, BM and PB
samples were collected on day 12 after chemotherapy. Data obtained in
patients recovering from chemotherapy were then compared with those
obtained in CD341 cells isolated from normal BM and PB. All of the
samples were collected after informed consent was obtained.

CD341 cells were isolated from mononuclear cell fractions by the
miniMACS starting kit and the CD34 multisort kit (Miltenyi Biotec Inc,
Auburn, CA), according to the manufacturer. The purity of immunos-
elected CD341 cells was evaluated as previously reported,2 and in all
cases exceeded 90%. For the measurement of intracellular antigens,
immunoselected CD341 cells were fixed and permeabilized by the

Ortho Permeafix TM solution (Ortho Diagnostic System, Raritan, NJ);
cells were then incubated with the following unconjugated monoclonal
antibodies (MoAbs): anti–wild-type p53 (Ab1 clone; Calbiochem,
Cambridge, MA) and anti–Bcl-2 (Ab2 clone; Calbiochem) or with the
anti-Bax rabbit polyclonal antibody (P-19 clone; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) for 1 hour at 4°C. Control samples were incubated
in the same experimental conditions with isotype-matched irrelevant
unconjugated MoAb or with rabbit preimmune serum. After washing,
cells were further incubated with fluorescein isothiocyanate (FITC)-
conjugated goat antimouse MoAb (Ortho) or with FITC-conjugated
goat antirabbit Igs (Dako A/S, Glostrup, Denmark) for 1 hour at 4°C, at
1:20 and 1:1,000 final dilution, respectively. All samples were analyzed
with a FACScan flow cytometer (Becton Dickinson, Mountain View,
CA) equipped with an argon laser emitting at 488 nm. Results were
expressed as the mean fluorescence intensity ratio (MFI-R), which is
calculated as the ratio between the MFI of test curve and the MFI of
control curve.

In addition, CD341 cell samples were evaluated for the content of
apoptotic cells by in situ end-labeling of DNA strand breaks with the
TdT-mediated biotin-nick-end-labeling (TUNEL), as previously de-
scribed.3 The slides were counterstained with hematoxylin and 100
consecutive cells in 3 or more fields were counted. Three different
experiments were performed. The statistical analysis of data obtained
was performed using the Mann Whitney test for unpaired data.

Results of flow cytometry analysis are shown in Fig 1. It emerged that
p53, undetectable in normal BM and PB CD341 cells, was expressed in
BM but not in PB progenitors recovering after chemotherapy. More-
over, in BM progenitors, the induction of p53 was accompained by a
significant reduction of the expression of Bcl-2 and by the appearance
of Bax. On the contrary, in PB CD341 cells recovering after chemother-
apy, no differences in the protein levels of Bcl-2 and Bax were detected
when compared with normal PB CD341 cells. In addition, in normal PB
CD341 progenitors, Bax was expressed at a higher level than in normal
BM CD341 progenitors, but its expression did not further increase after
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chemotherapy. The upregulation of Bax has been reported in progenitor
B cells detached from the stromal layer.4 Similarly, we can hypothesize
that Bax is expressed in CD341 progenitors released from the BM
microenvironment to the PB. Data obtained by flow cytometry were
consistant with the content of apoptotic cells evaluated by the TUNEL
method (Table 1). Actually, BM CD341 cells recovering after chemo-
therapy showed a percentage of apoptotic cells significantly higher than
that observed in the other samples evaluated. On the contrary, PB
CD341 progenitors recovering after chemotherapy showed few apop-
totic cells. Finally, according to their increased Bax expression, normal
PB CD341 cells showed a higher content of apoptotic cells than didnormal
BM progenitors and PB progenitors isolated after chemotherapy.

Our observations agree with those of Wlodarski et al1 and confirm
that p53 is induced in vivo in hematopoietic CD341 cells after
chemotherapy. Moreover, the differences that we found between BM
and PB CD341 cells suggest that hematopoietic progenitors that recover
from the cytostatic damage (p53 and Bax negative) leave BM, whereas
those still suffering from the toxic insult (p53 and Bax positive) are
retained in the BM microenvironment. Interestingly, Wlodarski et al1

reported in BM cells from p53 knock-out mice an increased expression
of cyclin-dependent kinases inhibitor (CDK-I) p16INK4A and suggested
that other regulatory mechanisms involving this CDK-I may compen-
sate for the loss of p53. In a previous study, we demonstrated that the
cell cycle arrest of CD341 progenitors mobilized by chemotherapy is
associated with the expression of the CDK-I p15INK4B.5 Thus, these
observations suggest that p53 and CDK-Is (p15INK4B or p16INK4A )
operate differently depending on whether cells are induced to or recover
from apoptosis, respectively.

In conclusion, our data further support the possibility that hematopoietic
recovery could be improved by interfering with the expression of p53 gene.
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Fig 1. Expression of p53, Bcl-2, and Bax in CD341 cells isolated

from BM and PB of normal individuals and of patients treated with

cyclophosphamide. Results are expressed as the MFI-R (mean

value 6 SD) of five experiments.

Table 1. Mean Percentage of Apoptotic Cells in BM and PB CD341

Cells Isolated From Normal Individuals and From Patients

Recovering After Chemotherapy

Normal

BM

Normal

PB

Chemotherapy

BM

Chemotherapy

PB

No. of Apoptotic

Cells (%) 2.1 6 0.7 6.4 6 3.3* 25.1 6 6.3† 1.3 6 0.5

Results represent the mean values 6 SD of three experiments

independently evaluated by three different observers.

*P , .05.

†P , .01.
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