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CORRESPONDENCE

Adenoviral Vectors and Hematopoietic Cells

To the Editor:

Watanabe et al® concluded that the adenoviral vector could be
used to deliver transcription units into early bone marrow precursor
cells at the CD34" stage, and into precursors of colony-forming
unit—granulocyte-macrophage (CFU-GM), burst-forming unit-ery-
throid (BFU-E), and high proliferative potentia —colony-forming
cells (HPP-CFC). We request that Watanabe et a respond to ques-
tions about their data that may lead to other interpretations of their
data Is it possible that their data do not conclusively prove that the
adenovirusis auseful vector for modification of early hematopoietic
precursor cells?

Watanabe et al based their claims that they have succeeded in
using the adenoviral vector to introduce -gal actosidase transcription
unit into CD34" cells on two-color flow cytometry analysis (see Fig
2 of their report) of bone marrow cells exposed to a g-galactosidase
adenoviral vector for 24 hours. In Fig 2 of their report, Watanabe
et a attempted to measure the total number of cellsthat were simulta-
neously positive for alineage- or stage-specific hematopoietic differ-
entiation marker and a fluorescein-conjugated substrate (FDG) for
the B-galactosidase reaction. (The adenoviral vector used for their
infections contained a transcription unit for an enzyme, 3-galactosi-
dase, that would modify the FDG and thereby promote its retention
within the cellsinfected by the adenoviral vector.) Wewere surprised
by the fact that exposure of the hematopoietic cells for 24 hours to
the adenoviral vector appears to have resulted in athreefold increase
in the percentage of cells that are positive for the markers CD2,
CD13, and CD56, whereas exposure to the adenoviral vector for 24
hours does not increase the percentage of cells that are CD34*. Our
analysis of their data, which led to this conclusion, is presented in
Table 1. We have taken the data in Fig 2 of their report and added
the percentages of cells that are positive for each marker in the
uninfected cells and in cells exposed for 24 hours to a 5-, 50-, and
500-fold excess of plague-forming units of the vector.

Two things are immediately apparent from this data. (1) Surpris-
ingly, the total percentage of marker-positive cells (CD2, CD13, and
CD56) in the uninfected or vector nonexposed cells is not the same
as in the cells exposed to 24 hours of exposure to the vector. This
exposure induces a threefold increase in the percentage of cells that
are positive for the lineage-restricted antigens CD2, CD13, and
CD56. In the uninfected cells, most of the cells are double-negative;
in the infected cells, most are double-positive. Clearly, the percent-
age of cells positive for each of the differentiated markers is not
stable in the population. In addition, the higher the dose of vector,
the more there is a change from differentiated marker-negative to
differentiated marker-positive cells. This finding suggests that the
presence of the vector induces differentiation in the hematopoietic

Table 1. Increase in Differentiated Cells After Adenovirus Exposure

Uninfected Infected
0 PFU/Cell 5 PFU/Cell 50 PFU/Cell 500 PFU/Cell
Total CD2" (%) 20.2 46.7 68.8 60.3
Total CD13" (%) 24.6 46.5 87.9 73.6
Total CD56" (%) 13.1 15.1 47.0 49.4
Total CD34* (%) 74.0 70.5 63.3 73.0
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cells. (2) The virus does not induce an increase in the percentage of
cells that are positive for the CD34 antigen. This finding suggests
that, whatever the vector is doing to induce differentiation in the
lineage-committed cells, this does not occur with the earlier CD34*
cells. Their number appears to remain constant in the presence of
the vector.

The fact that the percentage of marker-positive cells is changing
in the uninfected and infected cells cals into question the validity
of the method used by the investigators to calculate the percentage
of cells that was infected by the vector. The formula they used is
as follows:

Frequency (%) of Infected Cells (for CD2", as an example) =

% CD2*FDG" (Infected — Uninfected) Cells
% CD2" of Infected Cells

X 100

Because the total percentage of differentiated marker-positive
cellsis not equal in the uninfected and vector exposed cells, because
the number of differentiated marker-positive cells increases in the
viral exposed cells, and because the investigators subtract the total
number of double-positive cells (differentiated marker-positive and
vector marker-positive cells) in the uninfected from the vector ex-
posed cells to calculate the total number of infected cells, their
calculated increase in the fluorescein-positive or infected cells before
and after exposure to the vector is generated both by the increase
in the number of differentiated marker cells and by any uptake of
vector by these cells. This invalidates the method used to estimate
infectivity. For their method to be valid, the percentage of the differ-
entiated marker-positive cells should be the same in the unexposed
and exposed cells.

An additional weakness of the design of the experiments in Fig
2 isthat Watanabe et a chose not to restrict their measurements to
live cells through the use of propidium iodide gating. In view of the
dramatic direct effect on the cells exposed to the vector, as evidenced
by the threefold increase in the level of differentiated cells, it is
possible that the mgjority of the cells on which the investigators
were making measurements, which formed the basis for their claims
of gene delivery to hematopoietic cells by adenoviral vectors, were
dying or dead, due to a direct differentiation induction effect of the
vector. If Watanabe et al have data on propidium iodide-gated cells,
they should share it.

Another weakness is the high endogenous -gal actosidease—like
activity within the population of cells that the investigators were
studying, as evidenced by the positivity in the uninfected cells in
the FDG gate of up to 14%. Watanabe et a could have used chlo-
roquin to inhibit this activity, but they chose not to do that, further
complicating the interpretability of their experiments. If the cells
were being differentiated by the exposure to the vector, it is possible
that the level of endogenous 3-galactosidase activity was increasing
in the vector-exposed cells as well. If Watanabe et a had used
chloroquin, the contribution of this type of potentially artifactual
positivity to their measurements of infectivity would have been more
limited.

A third surprising feature of their datain Fig 2 isthe very marginal
and low intensity of most of the fluorescein- or vector-positive
CD34" cells. This finding suggests that the transcriptional promoter
used in their vectors is not very active in CD34" cells. They used
the cytomegalovirus (CMV) promoter to drive the $-galactosidase

Blood, Vol 89, No 4 (February 15), 1997: pp 1460-1467

20z dunf g0 uo 3sanb Aq jpd 09¥1/29¥607 L/09Y | /¥/68/Pd-Blo1e/po0|q AU SUOHEDlIgNdyse//:dy woly papeojumog


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V89.4.1460&domain=pdf&date_stamp=1997-02-15

CORRESPONDENCE

transcription unit. We and others have found that this promoter is
very activein CD34" cells and that flow cytometry of positive CD34
cells is usually in the range of 10% to 10° and not in the range of
10, as in the data of these investigators. This suggests that the
adenoviral vector realy did not infect the CD34" cells or that the
uptake by the cells of the vector was not receptor mediated and
therefore not released from the endosome, which is a necessary
prerequisite for high levels of transgene expression in adenoviral
vectors.

To strengthen their claim that the marginal increases in the per-
centages of CD34" cells that are positive for the vector reflect sig-
nificant uptake of the vector and functional transcriptional activity
of the vector transgenes within the CD34" cells, Watanabe et a
should present data on the variation of the percentages of florescein-
positives in uninfected CD34" cells to strengthen their argument
that there is actually a significant increase in double-positivesin the
vector-exposed CD34" cells. In other words, what is the range of
variation in the uninfected CD34" cells for fluorescein positivity. In
Table 1 of their report, the range of experimental variation is strik-
ingly different in individual experiments. The question we are asking
is whether the small percentage increases of fluorescein-positive
cells in the CD34* population could have arisen from the range of
variation of endogenous positivesin the uninfected cells? In addition,
the investigators should comment on why the majority of their fluo-
rescein-positive CD34" cells are positive for fluorescein at such a
low level of fluorescence intensity and not two or three logs higher
for fluorescein, as is observed in other laboratories for the CMV
promoter-driven transcription units in CD34" cells?

The decrease in plating efficiency in Fig 4 of the CFU-GM and
BFU-E that accompanied increasing ratios of the vector to the nucle-
ated cell count could have been due to the differentiation induction
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effect of the vector, seen in Fig 2, rather than a direct toxic effect
on the precursors of the CFU-GM and BFU-E.

The claim of the investigators that they have shown that the vec-
tor-modified cells were proliferating into CFU-GM may not be un-
ambiguously substantiated by their data. As outlined by Watanabe
et a, the starting population of CD34* cells was between 70% and
80% CD34*. The FDG-sorted positive cells were only 88% to 96%
positive. Depending on the plating efficiency of CD34" cells in
methylcellulose, the investigators may or may not be able to con-
clude that the CFU-GM they saw from the FDG positively sorted
population were from the FDG-negative or -positive population. To
have had more decisive data on this point, Watanabe et a could
have chosen atranscription unit that coded for aresistance phenotype
so that they could have more formally tested if CFU-GM containing
functional adenoviral vector transcription units were growing from
their sorted population.

S.Q. Fu

Felix Garcia Sanchez

Injae Chung

Albert Deisseroth

Department of Internal Medicine
Section of Medical Oncology
School of Medicine

New Haven, CT
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Response

We thank Fu et al for their interest in our report.* They correctly
point out the controversial nature of the observation that adenovi-
ruses can infect human CD34" cells. Recently, the observation that
adenoviruses are capable of infecting CD34" cells was confirmed
by Neering et al.? In addition, at the recent International Society of
Experimental Hematology meeting, this observation was aso con-
firmed by Spence et al® and Abraham et a.** We note that studies
by Seth et al® and Garcia-Sanchez et al” have not been able to
confirm this observation.

We based our finding that adenovirus vectors containing the -
galactosidase gene can infect CD34" cells on studies using the flow
cytometric detection and isolation of infected cells followed by the
analysis of functionality as compared with similarly sorted unin-
fected cells. In these studies, CD34" cells were isolated using mag-
netic beads to a purity of 70.2% to 81.7% that were then infected
with Ad/$-gal at a multiplicity of infection (MOI) of 50:1. The
infected cells were sorted for double-positive cells (CD34"FDG*
cells) by flow cytometry, achieving a double-positive cell purity of
88% to 96%. The assay used to show functionality was a CFU-GM
assay of 1,000 CD34" cells/plate. Assuming a cellular purity of 96%
CD34" cells, this would result in the plating of 40 FDG™ cells. In
these studies, we obtained 7.3 to 40.7 colonies, suggesting a nearly
100% plating efficiency. In the studies of CD34"FDG™ cells, which
were 95% to 98% pure, 10.6 to 44.4 colonies were obtained per
1,000 cells plated. Thus, the hypothesis proposed in Fu et al’s letter
that FDG™ cells form the colonies would require a 100% plating
efficiency, an unlikely occurrence and one not supported by the

observed 4% plating efficiency of the FDG™ cells. Furthermore, the
principle concern raised in the letter is based on the information
shown in Fig 2, which is not directly relevant to the observation
that adenovirus infects CD34" cells. Rather, this figure suggests that
adenoviruses are not only able to infect CD34" cells but also other
hematopoietic and lymphopoietic origin cells.

We do not believe that the hematopoietic cells infected by adeno-
virus vectors were dying due to a direct differentiation/induction
effect of the vector. The isolated cells that were FDG*CD34" were
fully functional after isolation by flow cytometric sorting. Further-
more, dead cells would not be found in the gate used in the analysis
of these cells, because they have a different forward by side scatter
profile.

The suggestion of using chloroguin to inhibit any putative endoge-
nous S-gal actosidase activity, although a good suggestion, is difficult
to apply because chloroquin is toxic for hematopoietic cells at -
galactosidase—inhibiting levels. The marginal and low intensity of
the fluorescein vector-positive CD34* cells is actually more than a
log higher than uninfected cells. However, this is less than other
investigators have observed using retroviral vectors for the infection
of CD34" cells. However, this is a similar increase in fluorescence
intensity as reported by other investigators using adenovirus vec-
tors.>® Furthermore, we suggest that a comparison of protein levels
by retrovirus verses adenovirus vectors, even with the same pro-
moter, may not be valid, because the presence of the Itr and chromo-
somal integretion can influence gene expression. Furthermore, the
range of variation in the uninfected CD34" cells for fluorescein
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positivity was subtracted in al studies; thus, any increase is not
seen in control stained cells. Furthermore, the functional analysis of
greater than 90% pure CD34" sorted cells would suggest that it is
unlikely that uninfected FDG™ cells contaminating the sorted cells
would be responsible for the colony outgrowth.

In other studies (not shown in this letter), we have infected bone
marrow cell populations with adenovirus vectors expressing p53 and
have shown by reverse transcription-polymerase chain reaction that
specific message occurs in the infected but not in control adenovirus
infected cells. This provides additional proof that the marrow popula-
tions can be infected by adenovirus vectors.

The principle question of this letter is directed to the observation
‘‘that exposure of the hematopoietic cells for 24 hours to the adeno-
vira vector appears to have resulted in a threefold increase in the
percentage of cells that are positive for one of the markers CD2,
CD13, or CD56, whereas exposure to the adenovirus vector for 24
hours does not increase the percentage of cells that are CD34*."”
As discussed in the original report, the studies that examined CD2,
CD13, and CD56 expression were undertaken on atotal bone marrow
cell population. In contrast, the studies on CD34* cells were under-
taken on isolated CD34" cell populations that were approximately
80% pure at the initiation of infection. Thus, there are significant
differences in the composition of these two populations, and it is
unlikely that such a purified population would vary in their pheno-
type frequency. Furthermore, because there is no decrease in the
frequency of CD34" cells, this would speak against differentiation
as a mechanism, because we would expect CD34 positivity to be
lost as progenitor cells differentiate. However, as Fu et al indicate,
their appears to be an induction of differentiation of lymphoid cells
or some other mechanism that resultsin an increase in positive cells.
We had not stressed this in the original manuscript because it was
not central to the origina hypothesis and would like to thank Fu et
al for identify this intriguing hypothesis. We agree that it warrants
further study.

As Fu et a are aware, it is very difficult to do four- or five-
color analysis in FACS. Studies using propidium iodide results in
fluorescence that can be observed in both the phycoerythrin and the
fluorescein channel due to the wide emission spectra of propidium
iodide. This would preclude the use of FDG fluorescein as an analy-
sis parameter. Although compensation protocols are available, com-
pensation may cause loss of data. Thus, we have not undertaken
propidium iodide studies; furthermore, we suggest that gating param-
eters would remove the mgjority of dead cells and believe that the
functional data shown in Table 2 successfully speak to this, where,
in seven studies, no decrease in functionality was seen in the sorted
cells.

Clearly, all studies can be improved upon and the use of a marker
construct such as p53 infection of enriched CD34" cells and the
demonstration of message and/or protein would be an excellent im-
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provement. Similarly, membrane expression of adenovirus proteins
on CD34" cells would be another way to further substantiate our
conclusion. Both of the studies mentioned above have been initiated
and will be published in due course. However, we believe that the
studies shown in Table 2 constitute a solid demonstration of adenovi-
rus infectivity of CD34" cells with the retention of hematopoietic
function. Furthermore, the studies of Neering et al,> Spence et al,?
and Abraham et al*® provide confirmation of these observations.

James E. Talmadge

Department of Pathology and Microbiology
University of Nebraska Medical Center
Omaha, NE
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2-Chlorodeoxyadenosine Treatment in the Sezary Syndrome

To the Editor:

We read with interest the report by Kuzel et al® describing the
results of 2-chlorodeoxyadenosine (2-CdA) therapy in patients with
mycosis fungoides (MF) and the Sezary syndrome (SS). We have
also treated four patients for SS. Three of them had advanced disease
and were resistant to prior treatments (PUVA, chlorambucil, anti-
lymphocyte globulin, and cyclosporin). One patient (no. 3) was en-
rolled to the study shortly after diagnosis. Two patients (nos. 2 and

3) had alarge-cell variant of SS. The patient characteristics, stage
of disease at treatment, and time from diagnosis to treatment are
detailed in Table 1. 2-CdA (cladribine; Biodribin; Foundation for
Development of Diagnostics and Therapy, Warsaw, Poland) was
administered by 2-hour intravenous infusion at a dose of 0.14 mg/
kg for 5 days. Courses were repeated at 28-day intervals. 2-CdA
treatment was terminated either if there was no response after 5
courses or once prohibitive toxicity occurred. Two patients (nos. 1
and 3) received 5 cycles of therapy and one (no. 2) received 4 cycles,
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