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Stem Cell Disorders

Prolonged response to cyclosporin-A in hypoplastic refractory anemia

and correlation with in vitro studies
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ABSTRACT

Background and Objectives. Lymphocyte abnormali-
ties in myelodysplastic syndromes (MDS) have been
widely described, but the role of the immune system
in the pathogenesis of these clonal disorders
remains controversial. An active role of lymphocytes
in suppressing normal hematopoiesis may be impli-
cated in MDS with hypoplastic marrow. We have
studied in vitro and in vivo activity of cyclosporin-A
(CSA) on hematopoiesis in patients affected by
hypoplastic MDS without blast excess.

Design and Methods. Nine consecutive patients with
hypoplastic refractory anemia (RA), followed up in
our out-patient unit, were treated with CSA at daily
doses of 1-3 mg/kg for at least three months. Low
dose steroids or danazol were transiently added in
7/9 patients. Differences between pre- and post-
treatment parameters were studied by the Student’s
t-test. In vitro effect of CSA on circulating hemato-
poietic progenitors was studied by the methylcellu-
lose colony assay.

Results. Before treatment, fewer circulating hemato-
poietic progenitors were found in all patients as com-
pared to normal subjects. The number of CD34+ cells
was about halved, while circulating erythroid and
myeloid colony-forming cells (CFC) were reduced to
one-fifth. After a mean period of 22 months of CSA
treatment (median: 14.5 months), hemoglobin was
significantly and persistently increased in two
patients, platelets in one, platelets and hemoglobin in
two. Two patients showed transient responses, one
patient did not tolerate the treatment and one patient
is close to a significant response. At in vitro CSA con-
centrations similar to those achieved in vivo after oral
administration the drug significantly increased cell
colony growth in hypoplastic RA. This test correctly
predicted a positive clinical response to CSA in 3/5
cases and treatment failure in 4/4 cases.

Interpretation and Conclusions. About one half of
hypoplastic RA patients benefited from CSA treat-
ment. A larger study could verify whether in vitro cul-
ture of hematopoietic progenitors in the presence of
CSA can predict the clinical response and whether
this treatment could prolong patients’ survival.
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sidered as indolent clonal expansion with a

high rate of ineffective hematopoiesis, which
is attributable to the coexistence of increased prolif-
eration and a tendency to apoptosis.t* The role of the
immune system in the pathogenesis of MDS is still
poorly defined; there is no clear evidence of clonal
involvement of B- or T-lymphocytes. It is possible that,
at least in some cases, dysregulation of the immune
system may favor a clonal substitution of the
hematopoietic tissue, as hypothesized for paroxysmal
nocturnal hemoglobinuria.’ Indeed, activated CD8 T-
cell clones spontaneously producing inhibitory
cytokines were reported to circulate in peripheral
blood and bone marrow of MDS patients,®® and over-
expression of interferon-y and tumor necrosis factor-
« Was proposed to be involved in the pathogenesis of
MDS.811 The apparent contradiction between clonal
expansion and marrow failure is more evident in a par-
ticular subset of MDS: that with hypoplastic marrow
from presentation. In this subgroup, accounting for
about 15% of all MDS,*213 there is a stronger suspicion
of an active role of the immune system in the patho-
genesis of marrow failure, as typically observed in
aplastic anemia (AA).2 The higher expression of Fas-
R on CD34+ cells of hypoplastic MDS patients may
mediate the invivo pressure exerted by the immune sys-
tem on both normal and clonal MDS hematopoiesis
and may account for the ineffective hematopoiesis and
exaggerated apoptosis frequently seen in this dis-
ease.11417 |n addition, Fas-L expression in marrow cells
of MDS patients was reported to correlate with ane-
mia.'8

After anecdotal clinical reports,'® successful im-
munosuppressive therapy in MDS patients has more
recently been attributed to in vivo reduction of cyto-
toxic T-lymphocytes, based on a significant sup-
pression of normal myeloid progenitor growth in vit-
ro.2° Although the deficiency of the stem cell com-
partment is less severe in MDS than in AA2! the
above reported clinical and laboratory findings sug-
gest that similar pathogenetic mechanisms may
operate in both diseases, leading to depletion of the
early hematopoietic progenitor cell pool.

Starting from these data, we tried to verify whether
non-intensive immunosuppression with cyclosporin-
A (CSA) could improve cytopenia in nine consecutive
patients affected by hypoplastic MDS without blast
excess, and whether there is a relationship between
the effect of CSA on circulating MDS progenitor
growth invitro and clinical response to CSA in vivo.

M yelodysplastic syndromes (MDS) can be con-
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Design and Methods

Patients

From September 1995 to March 1999 nine patients
(6 males, 3 females, median age 60 years, range 37-78)
were given a diagnosis of hypoplastic refractory anemia
(RA). They represented about 15% of all cases of MDS
diagnosed in the same period in our Division. Diag-
nostic criteria were based upon the FAB classification
and were supported by bone marrow histologic evalu-
ation in most cases. Marrow cellularity under 30% was
considered hypoplastic, while a reduction of a single
maturative lineage to 5%, or less, of bone marrow
nucleated cells allowed diagnosis of monolinear
hypoplasia. Table 1 shows diagnosis and main hema-
tologic data at presentation. Cases of MDS with blast
excess were excluded from this study, as were cases of
hypoplastic evolution of typical normo- or hypercellu-
lar MDS. After giving informed consent, hypoplastic
MDS patients received immunosuppression by CSA at
a daily oral dose of 1-3 mg/kg. Low dose prednisone
(maximum daily dose 25 mg) or danazol (50-400 mg
daily) were added if no beneficial effect was seen after
one month of treatment. The rationale of this treat-
ment plan was to maintain a prolonged immunosup-
pression using a non-myelotoxic immunosuppressant
and to try to synergize this treatment by the addition
of steroids or immunomodulating agents. Danazol was
employed particularly in thrombocytopenic patients,
with the aim of reducing peripheral mechanisms of
platelet clearance by interfering with macrophage Fc
receptors.?2 The treatment lasted for at least three
months. In cases of favorable effects, daily doses of
CSA were reduced, and withdrawal of prednisone or
danazol was attempted. Table 2 shows the treatment
received by each patient. Differences between means of
hematologic parameters before and after the treatment
were analyzed by the Student’s t-test, taking into con-
sideration the values recorded during the last three
months before treatment.

L. Catalano et al.

Specimen collection

Peripheral blood (PB) samples were obtained after
informed consent from 37 normal donors and 10
hypoplastic MDS patients; nine of them were subse-
guently treated in vivo with CSA (Table 1, 2, 3and 5).
Patients #1 to #5 performed the in vitro study within
3 months of beginning CSA; none of these patients
had received CSA for at least one week before sam-
pling. The others had not received CSA before sam-
pling at all.

Cytogenetic study
Cytogenetic analysis was performed using the stan-
dard GTG-banding technique.

Flow cytometry analysis

Phycoerythrin (PE)-conjugated monoclonal anti-
bodies (moAb) to CD34 (clone HPCA-1; Becton
Dickinson, Mountain View, CA, USA) were used to
identify CD34+ cells. PB samples were stained with
the moAb for 20 minutes at 4°C. After staining, sam-
ples were subjected to red blood cell lysis with ammo-
nium chloride buffer (Ortho, Raritan, USA) and
washed with phosphate-buffered saline. Flow cytom-
etry was performed using a flow cytometer (FACS,
Becton-Dickinson). During acquisition, a threshold
was set on forward light scatter to exclude cell debris
from analysis. A region on sideward light scatter was
drawn to include all mononuclear cells (MNCs) for
determinations of CD34 expressing cells, and live gate
acquisition was performed on cellular events that fell
into that region. Ten thousand events were acquired
in the live gate, with a minimum of 6x10* events in the
entire population.

Hematopoietic colony assay

Circulating mononuclear cells were isolated by den-
sity gradient centrifugation using lymphocyte sepa-
ration medium (Organon, Durham, NC, USA). After
washing with Hanks’ balanced salt solution (HBSS),
cells were resuspended in Iscove’s modified Dulbec-

Table 1. Hypoplastic MDS patients: hematological data at diagnosis.

Case Gender Age Diagnosis Hb MCV  WBC  ANC PIt Bone marrow CytogeneticsTransfusions Previous therapy
(yrs) (g/dL) (L) (109/L) (109/L) (10°/L)
1 M 73 RA 114 106 35 21 185 Erythroblastopenia ND Yes Folic acid
2 44 RA 9.6 108 41 25 589 Erythroblastopenia 46XX No Danazol
3 F 43 RA 65 103 3.0 12 34 Hypoplasia 46XX t(1;3)  Yes Prednisone and
danazol
4 F 38 RA 12 107 49 25 227 Erythroblastopenia ND No Prednisone
5 M 78 RA 73 107 39 24 114 Erythroblastopenia 47XY +8 Yes Folic acid
6 M 37 RA 142 97 33 0.5 27 Amegakaryocytosis 46XY del(5g) No Folic acid
7 M 66 RA 75 109 3.0 15 227 Hypoplasia 46XY Yes Erythropoietin,
folic acid
8 M 69 RA 134 104 35 0.8 61 Amegakaryocytosis 46XY No Danazol
9 M 60 RA 109 122 7.6 5.8 40 Hypoplasia ND No None
10 F 74 RA 81 115 26 13 95 Hypoplasia ND Yes None

RA: refractory anemia; ND: not done; Hb: hemoglobin; MCV: mean cell volume; WBC: white blood cells; ANC: absolute neutrophils; Plt: platelets.
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Table 2. In vivo treatment of hypoplastic MDS patients.

Case CS-Aduration Associated drugs Side effects
(months)

1 311 Prednisone Paresthesias

2 10.2 Prednisone and danazol ~ None

3 +32.2 Prednisone Gingival hypertrophy,
tremor

4 +25.7 None Paresthesias

5 3.9* Prednisone Nephrotoxicity and
gastric intolerance

6 +36.4 Danazol Gingival hypertrophy

7 +14.5 Prednisone and danazol ~ None

8 +11.7 Prednisone and danazol ~ None

9 +10 None None

+Still under treatment; *drug withdrawn because of toxicity.

co’s Medium (IMDM) supplemented with 5% fetal
calf serum (FCS). HBSS, IMDM and FCS were pur-
chased from Life Technologies, Gaithersburg, MD,
USA. Isolated MNC cells were plated in methylcellu-
lose (Stem Cell Technologies, Vancouver, Canada)
at a concentration of 5x10° cells/mL of medium (35
mm dishes; 1 mL of medium/dish), in basal condi-
tion and after 2-hour incubation with 500 ng/mL of
CSA (Sandoz, Basel, Switzerland). The growth factor
cocktail consisted of 10 ng/mL IL-3, 50 ng/mL G-
CSF, 50 ng/mL GM-CSF, 20 ng/mL stem cell factor
(SCF) and 2 U/mL erythropoietin (EPO) (Amgen,
Thousand Oaks, CA, USA). Groups of more than 50
cells at day 14 of incubation at 37°C in 5% CO. were
counted as colonies derived from a single granulo-
cyte-macrophage (CFU-GM) or erythroid (BFU-E)
progenitor. The number of CFC was obtained by
adding together CFU-GM and BFU-E. All cultures
were performed in quadruplicate. Values were
expressed as mean value + standard error of mean
(SEM). All the experimental procedures were carried
out in endotoxin-free plastic ware. For estimation of
circulating CD34+ and CFC per milliliter, the follow-
ing equations were used: CD34*/mL= CD34+/105 x
WBC/pL divided by 10?; CFC/mL = CFC/10° MNC x
WBC/uL x % MNC divided by 10%.

Statistical analysis

Student’s t-test was employed for the analysis and
p values < 0.05 were considered as statistically signif-
icant.

Results

In vivo effect of CSA

Hb level and platelet number significantly increased
during the treatment (mean pre-treatment Hb 10
g/L, mean post-treatment Hb 11.1 g/L, p=0.007;
mean pre-treatment PIt 176x10%/L, mean post-treat-
ment PIt 203x10%/L, p=0.01). CSA treatment pro-
duced a persistent significant improvement of abnor-
mal parameters in five patients: Hb in two cases,
platelets in one case, platelets and hemoglobin in
two cases; these patients are still under treatment

Table 3. Treatment results.

Mean
Case Hb WBC Plts EE LSE
(g/dL) (109/1) (109/1) (mos)

Pre* Post Pre* Post Pre*  Post

8.7 9.5 3.8 34 163 125 Transient 2.1
8.4 8.8 5.6 6.0 647 702 Transient 4.2
102 123 6.1 55 23 95 Yes 04
10 115 47 6.6 247 258 Yes 8
8.1 8.6 4.3 70 114 128 No

142 149 31 34 25 76 Yes 35
79 101 33 54 280 330 Yes 2.4
123 115 41 3.8 38 53 No

109 121 64 4.3 48 68 Yes 1.2
102 11 4.6 50 176 204

0.007 0.2 0.01

<O ~NOUO~WNPE

=]

EE: efficacy evaluation; LSE: latency to significant effect.
*Average over three months prior to treatment.

after a mean period of 22 months (range 4-36+).
Two anemic patients experienced a moderate tran-
sient benefit (for ten and thirty months of treatment).
In one case CSA was withdrawn because of renal tox-
icity; in one patient a trend toward a favorable effect
has been observed over twelve months of treatment.
These results are summarized in Table 3. The
response to treatment occurred after a mean of 3.5
months (range 0.6-8; median 2.4); in the two cases
in which CSA was not combined with steroids, the
response was observed after 3.5 and 8 months. Only
one of the five responsive patients (#6) is still taking
danazol (50 mg every other day); the others are on
CSA alone. The response was never complete: blood
counts did not return to normal values, nor did signs
of dysplasia disappear. The treatment was generally
well tolerated: only one patient discontinued CSA,
because of serum creatinine increase (2 mg/dL) and
gastrointestinal side effects. In some cases, modest
gingival hypertrophy, weight gain and paresthesias
were observed, but these did not lead to treatment
interruption. CSA was administered without negative
consequences even to an HBsAg-positive patient.
Plasma levels of polyclonal CSA were measured every
two weeks, and toxicity ranges were not reached in
any case (mean: 277 ng/mL, range 30-1100, n=9).

Circulating CD34+and CFC in hypoplastic MDS
patients

Quantitative assessment of bone marrow CD34+*
and CFC may be affected by a variable degree of con-
tamination with peripheral blood and different dis-
tributions of cellularity within the aspirated bone mar-
row area. Thus, we analyzed circulating CD34+ and
CFC from MDS patients in comparison with those of
normal subjects. Circulating total nucleated cells
(TNC) were used for flow cytometry evaluation of
CD34+ cells, while mononuclear cells were assayed for
the measurement of CFC. We also evaluated the
absolute number of CD34+ and CFC per milliliter of
blood, by adjusting the measured numbers of CD34*
and CFC for white blood cell count and the propor-
tion of blood mononuclear cells at the time of testing,
as described in the Design and Methods section. The
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Table 4. CD34+* cells and hematopoietic progenitors in peripheral blood of hypoplastic MDS patients.

CD34* CFC
n x10% TNC xmL n 5x105 MNC xmL
Normal subjects 23 97.9+8 56561474 20 64+4.7 277427
Hypoplastic MDS 10 64+18 293041007 10 13.6+3 52+13
p* 0.05 0.009 <0.001 <0.001

*Student's t test.

Table 5. In vitro effect of CSA on circulating hematopoietic
progenitors.

Case BFU-E CFU-GM
5x105 mononuclear 5x10° mononuclear
cells plated cells plated

without CSA with CSA without CSA  with CSA
1 2.0+1.0 4.0+2.0 6.0£0.5 9.0£1.0
2 7.0£1.0 20.5£7.0 8.0x0.5 12.0+4.0
3 2.0+4.0 4.0+1.5 3.0£1.0 19.0+6.0
4 7.0£1.5 95425 9.5+2.5 22.5+3.5
5 1.5+0.5 1.5+0.5 1.5+0.5 1.5+0.5
6 17.0£2.5 235425 14.5+2.5 28.5+8.5
7 2515 15+1.0 2.0+2.0 25425
8 0.5£0.5 0.5+0.5 1.0+0.5 1.0£0.5
9 17.0+4.0 26.5+3.5 15.5+3.5 30.0£1.5
10 10.0£1.0 14.0+2.5 8.0£1.0 19.0+4.0
X 6.6+1.9 11.1+3.2 6.911.6 13.0£3.2

number of circulating CD34+ cells was significantly
lower in hypoplastic MDS patients as compared in
normal donors (x = SEM: 64+18/10° total nucleated
cells vs 97.9+8.4; p=0.05); the reduction was even
more pronounced when CD34* cell number was
expressed per unit volume of blood (2930+100/mL of
blood vs 5,656+ 474; p=0.009) (Table 4). Hemato-
poietic progenitor cells of MDS patients may show
an abnormal pattern of growth in methylcellulose cul-
ture, i.e. a high cluster/colony ratio. As described in
the Design and Methods section, in order to assess the
number of CFC in MDS patients we counted only
morphologically normal colonies. Compared to nor-
mal controls, circulating CFC were significantly
decreased in hypoplastic MDS (13.6+ 3/5x10°MNC
cells plated vs 64+4.7; p <0.001; 52 +13/mL of blood
vs 277+27; p=0.001) (Table 4). The number of CD34*
cells and of CFC did not predict the clinical response
to CSA.

In vitro sensitivity of circulating progenitors to
CSA and clinical correlations

At concentrations comparable to those reached
after in vivo administration, CSA significantly poten-
tiated circulating CFC colony growth of MDS
patients. CFC colony number increased from a mean
value + SEM of 13.6+3 to 25.5+6 without and with
CSA, respectively (p=0.036). When CFC were sub-
grouped into BFU-E and CFU-GM, the enhancing
effect of CSA was observed for both types of colonies
(BFU-E: 6.6+1.9 vs 11.1+3.2, p=0.01; CFU-GM:
6.9+1.6 vs 13.0£3.2, p=0.007) (Table 5). By analyz-
ing the patients one by one, it appeared that in vitro
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CSA addition significantly increased (at least 50%
increase) the number of erythroid colonies in 4/10
and that of myeloid colonies in 7/10 (Figure 1).
When we tried to correlate in vitro and in vivo CSA
effects, we found that the in vitro test correctly pre-
dicted the response in 6/9 patients when CFU-GM
were considered, and in 4/9 patients when BFU-E
were considered (Table 6).

Discussion

At variance with acute myeloid leukemia, MDS are
generally characterized by poor response to intensive
chemotherapy and a clinical course sufficiently pro-
longed to allow the effect of non-intensive treatment
approaches to be studied.2324 In the present study we
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Figure 1. Effect of in vitro CSA pretreatment (500 ng/mL)
on circulating hematopoietic progenitors of hypoplastic
refractory anemia patients. Horizontal bars are mean values
and vertical bars are standard errors of mean. p: Studen-
t's T test. Numbers within circles: patient number as in
tables. Dotted line: patients who responded to CSA treat-
ment. Continuous line: non-responder patients. Double line:
untreated patient.
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Table 6. Correlation between in vitro and in vivo CSA effect.

In vitro BFU-E In vitro CFU-GM
Effective  Ineffective Effective  Ineffective
Effective 2 3 4 1
In vivo
Ineffective 2 2 2 2
p* 0.5 0.002

Statistical analysis: Chi-square test.

aimed to verify a possible improvement of hemato-
logic status in hypoplastic MDS without directly tar-
geting the dysplastic clone. Although in principle
hypoplastic MDS could be considered as a transitional
stage towards normocellular or hypercellular MDS,
clinical and laboratory findings suggest that this form
is a distinct variety of MDS.1415 |t has been hypothe-
sized that the immunologic abnormalities found in
MDS% may represent a misdirected response of the
immune system toward the normal hemopoietic tis-
sued11.20 glicited by the abnormal clone itself or by
another unknown trigger.26 Immune-mediated dam-
age to normal hematopoiesis sparing the abnormal
clone may give a relative growth advantage to the lat-
ter, leading to a monoclonal hypo-, normo- or hyper-
cellular marrow, causing a variable degree of periph-
eral cytopenia.s Although it has not been established
whether the hypothetical immune aggression occurs
mainly via cytotoxic or cytokine-mediated mecha-
nisms, immunosuppressive treatments such as corti-
costeroids, CSA and antithymocyte globulin (ATG)
have occasionally been used with success in patients
with MDS.27-29 A hematologic response to ATG in
patients with refractory anemia was recently found to
be associated with disappearance of T-cell mediated
suppression of in vitro myeloid progenitor growth.20 In
this preliminary study, we decided not to use intensive
immunosuppression with ATG or high dose corticos-
teroids in order to avoid the risk of severe infections,
and preferred to use low-dose CSA associated with
potentially synergistic drugs, such as low-dose steroids
and danazol. In a previous study, we did not detect
any stimulatory effect of danazol either in vitro on the
growth of all committed hematopoietic progenitors
or invivo in a cohort of MDS patients.3® With the pre-
sent schedule only one patient, elderly and in poor
cardiovascular condition, dropped out of the study
because of renal and gastrointestinal side effects. As
compared to other reports,22°in our patients treat-
ment duration was longer, which allowed us to detect
even delayed responses and to verify response dura-
tion. Consistent with their hypoplastic bone marrow,
all our patients showed significantly decreased num-
bers of circulating CD34+ cells and CFC compared to
those in normal controls. The decrease of circulating
CFC was consistently more pronounced than that of
the CD34+ cell compartment, suggesting the existence
of damaging mechanisms selectively affecting the
committed progenitors. An alternative hypothesis is
impairment of proliferation and differentiation of
CD34* MDS cells.3* Since in our culture studies we
counted only well formed colonies and neglected MDS
cell clusters, it is likely that in our patients the number

of CFC mainly reflects residual normal hematopoiesis.
Indeed, circulating CD34+ cells and CFC in hypoplas-
tic MDS were significantly higher than those observed
in patients with severe aplastic anemia.’23 In our
small series, neither CD34+ cell nor CFC number cor-
related with the clinical response to CSA. We found
that in vitro pre-treatment of circulating mononuclear
cells with CSA significantly enhanced hematopoietic
progenitor growth in several cases, and this prompt-
ed us to look for a correlation between in vitro effect of
CSA on hematopoietic progenitor growth and clinical
response to CSA. Such a correlation could be docu-
mented only in some patients; the discrepancies can
be attributed to the complexity of in vivo MDS hema-
topoiesis as compared to the simplification of the in
vitro culture system.

In conclusion, our study suggests that a trial with
immunosuppressive drugs is indicated for unilinear or
multilinear hypoplastic MDS. The study of a larger
number of patients is needed to ascertain whether in
vitro tests in the presence of CSA are able to predict the
response to immunosuppression. A prospective ran-
domized study could evaluate treatment influence on
patients’ survival.
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Potential implications for clinical practice

+ Colony formation from peripheral blood of
hypoplastic MDS patients was improved upon in
vitro addition of CSA, paralleling the clinical
results.

< Atrial with immunosuppression is recommend-
ed in patients with hypoplastic MDS.
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