
[CANCER RESEARCH 53. 410M-4115. September 1, 1993]

Meeting Report

Differentiation Therapy of Cancer: Laboratory and Clinical Investigations1

The fifth conference on "Differentiation Therapy" continued the

tradition set forth by its predecessors by combining contributions
ranging from basic laboratory research, which highlighted the rich
tapestry of molecular threads that comprise the basis for applied
growth and differentiation-based methodology, to clinical trials, which

translate the preclinical observations into therapeutic strategies. Over
all, the conference provided new insights into the fundamental mech
anisms of differentiation and into the mechanisms underlying the
modulation of malignancies by differentiation-inducing agents.

The first session focused on regulation of differentiation by expres
sion of the c-myc protooncogene, which is thought to play a key role

in the control of cell proliferation. New developments regarding genes
that regulate myc, genes that are regulated by myc, and the effects of
myc-mediated pathway on differentiation and the cell cycle were
presented for three different systems controlling c-myc expression.
Regulation of myc gene by a FUSE2 (1) was assessed by D. Levens

(NCI, Bethesda, MD). He proposed that expression of this regulatory
element is involved in the shut-off of myc. The FBP augments myc

expression in undifferentiated cells and decreases in parallel with the
shut-off of the initiation of myc transcription. Recombinant FBP pos

sesses high specificity for binding to the myc FUSE site in vitro and
the expression of FBP is highly regulated at the RNA level changing
in parallel with transcriptional initiation of myc in T-cells and myeloid
cell lines. The regulation by c-myc of the differentiation process was

discussed by F. Tato (University of Rome, Rome, Italy). He reported
that whereas overexpression of myc gene did not affect the initial
stages of induced differentiation, it inhibited fusion into myotubes, a
later stage of differentiation. Interestingly, cocultivation of the myc-

transformed cells with the myogenic rat cell line L8 or with the mouse
fibroblast cell line C3H10TÃŒ/2resulted in the formation of multinu-

cleated myotubes, indicating that the fusion inhibitory activity of myc
could be overcome by interaction with surrounding normal cells. It
therefore appears that phenotypic reversion of this nature may be
induced by surrounding normal cells (2). The regulation by c-myc of
the expression of other genes was the subject of A. Skoultchi's (Albert
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Einstein College of Medicine, Bronx, NY) presentation. Using MEL
cells, which can be reverted to a normal phenotype by various agents
(e.g., DMSO, HMBA) he demonstrated that the constitutive expres
sion of either c-myc or c-myb blocks commitment and terminal dif

ferentiation. Skoultchi reported that the expression of two histone HI
genes (HlÂ°and Hlc) increases in MEL cells during the precommit-

ment period and this increase is negatively regulated by c-myc. He

also identified several other genes with altered expression during the
precommitment period. This investigation is paving the way toward
the identification of the multiple targets regulated by c-myc expression
(3). Additional insights into the role of c-myc in MEL cell differen

tiation were provided by M. Obinata (Tohoku University, Sendai,
Japan) who demonstrated the ability of human myc gene deletion
mutants to inhibit two distinct steps in differentiation, the irreversible
commitment step and the accumulation of hemoglobin. Different do
mains of c-myc are required for inhibiting the two steps, suggesting

that these domains interact with different regulatory proteins. Inter
estingly, certain mutants with deletion in one of the c-myc regions

required for dimerization enhanced rather than inhibited MEL cell
differentiation (4). These reports point to a sequential cascade of
changes in gene expression which are correlated with increase in
differentiation and in growth suppression, c-myc and c-myb are of
particular interest because their down-regulation is associated with the

increase in differentiation and growth suppression. Considering recent
evidence implicating c-myc in apoptosis, it is apparent that inappro

priate prevention of cell death may contribute to some malignancies as
much as aberrant stimulation of cell growth. The multiple factors
which control c-myc expression, including cytokines, interferons, pro

tein kinase activators, retinoids, and vitamin D, provide potential
therapeutic opportunities for enhancing growth suppression and cell
differentiation. Similar opportunities might be afforded by the sup
pression of bcl-2, a gene implicated in preventing programmed cell

death, as suggested for retinoic acid in APL cells (C. Chomienne,
Hospital St. Louis, Paris, France), bcl-2 may not be an entirely unique
gene; a related gene, mcl-l, has been found by R. W. Craig (Johns
Hopkins University, Baltimore, MD) to be up-regulated rapidly in
ML-1 leukemia cells upon differentiation induction. If mcl-l proves to
be functionally analogous to bcl-2, then the existence of multiple

pathways resisting programmed cell death may be inferred.
Exogenous and endogenous factors that regulate normal and abnor

mal epithelial cell differentiation in vivo and in vitro was the subject
of the second session. A. Dlugosz (NCI, Bethesda, MD) described the
ability of calcium to increase terminal differentiation and demon
strated that the activation of phospholipase C and PKC are necessary
for the expression of the late genes (filaggrin, loricrin, and epidermal
transglutaminase 1) and the formation of granular cells. He has further
shown that transformation of keratinocytes with the ras oncogene
resulted in aberrant differentiation. Interestingly, terminal differenti
ation could be induced even in the ras-transformed cells by agents that

modulate the phospholipase C/PKC signal transduction pathway. This
suggests that in vivo activation of the PKC pathway might eventually
be useful in restoring normal control of differentiation in malignant
cells (5, 6). The remainder of the session extended assessments of
epithelial differentiation to paracrine mechanisms. G. R. Cunha (Uni
versity of California, San Francisco, CA) reported that differentiation
of the seminal vesicle depends upon not only testosterone but also
KGF. Production of KGF by the mesenchymal cells when combined
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with testosterone resulted in branching morphogenesis. A neutralizing
antibody to KGF inhibited this effect. He proposed that androgen
stimulates mesenchyme to synthesize and release KGF and probably
other factors, which regulate epithelial growth and morphogenesis.
Consistent with this hypothesis are his observations that differentia
tion of prostatic epithelium can be stimulated by KGF, and this effect
can be down-regulated by TGF-ÃŸand also by 13-ci's-RA. That another

cytokinc. IFN-y, may be an important regulator of proliferation and

differentiation of normal human epidermal keratinocytes and might be
useful in treating SCC was suggested by A. M. Jetten (National
Institute of Environmental Health Sciences, Research Triangle Park,
NC). Treatment of normal human epidermal keratinocytes with IFN-7

results in an irreversible growth arrest followed by induction of a
squamous differentiated phenotype. In addition, IFN-y increased the

expression of interleukin IÃŸat both the protein and mRNA levels.
These effects did not occur with IFN-a and were blocked by TGF-ÃŸ,

again suggesting the complex paracrine pathways that may influence
cell differentiation (7). The use of a combination of 13-m-RA and
IFN-a in u clinical setting was reported by S. M. Lippman (University

of Texas M. D. Anderson Cancer Center, Houston, TX). This trial,
involving 32 patients with advanced untreated SCC of the cervix,
resulted in 50% of patients having long term complete response (8).
Extending the published data, the median follow-up at 15 months

exceeded a 50% response rate. This may be greater than the natural
history reported for this disease process for such advanced patients. Of
interest is the finding that 4 of the 32 patients exhibited a complete
response. Based upon these results, other SCCs have been treated with
this combination. However, neither head and neck SCC nor lung SCC
responded to this combination, suggesting that the effect may be
specific to cervical carcinoma. Preliminary results suggest that re
sponding cervical tumors exhibit a lower proliferative index and de
creased angiogenesis, but the relation of response to cell differentia
tion remains to be defined.

Other clinical trials suggested the potential importance of extracel
lular mediators. Y. Yoshida (Kyoto University, Kyoto, Japan) reported
on a controlled clinical trial of 1-a-hydroxyvitamin D3 (vitD,) (alfa-

calcidol) in 59 patients with MDS. Although treatment resulted in
WBC and platelet count improvement in 4 of 12 patients, the evolu
tion to leukemia was not slowed when compared to a control group
(9). Combinations of different agents may result in synergistic effects
on differentiation as observed by T. R. Breitman (NCI, Bethesda, MD)
in HL-60 cells treated with the combinations of vitD, and some of its

analogues with ATRA, sodium butyrate, or HMBA. HMBA was also
used at 1 mM plasma concentration in MDS patients in a Phase II trial
by J. Michaeli and colleagues (Memorial Sloan-Kettering Cancer

Center, New York, NY). Of 35 Ã©valuablepatients given HMBA as a
continuous infusion for 10 days, 4 achieved a complete response, and
6 achieved a partial response. A. Pinto (Centro di Riferimento Onco
logico, INRCC, Aviano, Italy) reported results of a Phase I/II study of
decitabine (5-aza-2'-deoxycytidine) involving 16 Ã©valuablepatients

with MDS. Six achieved complete normalization of bone marrow and
peripheral blood, while 3 had a >50% reduction in bone marrow
blasts and an increase of hemoglobin and of platelets. Morphological
alteration of blast cells after treatment suggested an effect on differ
entiation (10). Limitations of differentiation therapy for MDS patients
were discussed by G. E. Francis (Royal Free Hospital School of
Medicine, London, United Kingdom). Her mathematical models for
this condition have predicted that the most important component of
the clinical syndrome is an apoptotic cell death. Therefore, she pre
dicted that alleviation of cell death rather than enhancing differenti
ation would lead to clinical improvements in the overall status of such
patients (11). Yoshida pointed out that apoptotic cells are indeed
present in MDS bone marrow and discussed studies of a novel human

myeloid leukemic cell line, P39, derived from a MDS patient. These
cells exhibit pronounced sensitivity to undergo apoptosis when treated
with actinomycin D or A23187, and this process is enhanced by
differentiation-inducing agents (e.g., ATRA and vitD,). These results

suggest that apoptosis in P39 cells is linked to events related to
differentiation and should prove useful for further understanding of
apoptosis during myeloid cell differentiation. Other in vitro studies
described some new effectors of cell growth and differentiation in
cluding thioredoxin, a T-cell product, which was found to influence
B-cell differentiation and to enhance IL-2 receptor expression (A.

Rosen, Karolinska Institute, Stockholm, Sweden). This compound
was most effective when combined with IL-4. A. Ferrari (Brooklyn

V.A. Medical Center, Brooklyn, NY) discussed studies on pl8, a
cytosolic protein (also called pl9 or metablastin), which may be
involved in controlling cell proliferation and differentiation as indi
cated by its increased level following stimulation of proliferation of
normal lymphocytes and reduced expression upon induction of dif
ferentiation of several tumor cell lines. Consistent with such a role,
inhibition of pi8 synthesis by stable transfection of K562 and U937
leukemic cells and SK-N-SH neuroblastoma cells with a pl8 antisense
construct resulted in reduced growth rate due to a block in G2-M phase

and decreased clonogenicity. Interestingly, antisense inhibition of p 18
also resulted in morphological changes typical of differentiating cells.

The third session examined molecular mechanisms which may
contribute to development of neoplastic change including suppressor
genes and oncogenes. As these are probed and defined, an enhanced
understanding of mechanisms to modulate cell differentiation may
guide therapeutic intervention. C. C. Harris (NCI, Bethesda. MD)
summarized the current data on the contribution of p53 gene muta
tions to the development of the malignant phenotype (12). p53 protein
may play a role in: (a) control of cell proliferation; (/>) DNA repair;
(c) programmed cell death; or (J) responses to growth factors. p53
mutations are the most common genetic lesions known in human
cancer and alterations in p53 gene and its protein product occur early
in the pathogenesis of human lung, breast, and esophageal carcino
mas. More than a thousand mutations have now been described in
mutational hot spots occurring in highly conserved domains. The
differences in mutational spectrum among human cancer types may
reflect the etiological contributions of both exogenous and endoge
nous factors to human carcinogenesis and specific proliferative effects
conferred by different mutant p53 genes in different human cell types.
Harris showed that the overexpression of wild type versus mutant
forms of p53 in human bronchial epithelial cells exert differential
effects on the growth, differentiation, and neoplastic potential of the
cells. Transfected wild type p53 gene inhibits growth of neoplastic
human lung cells, whereas certain transfected mutant p53 genes cause
neoplastic transformation of SV40-T-"immortalized" human bron

chial epithelial cells. Wild type p53 and certain p53 mutants have an
opposite effect in these cells with respect to the proliferation potential
and responsiveness to TGF-ÃŸ-induced terminal squamous differenti

ation. These results indicate that certain mutations in the p53 gene
deregulate growth and differentiation preference in these cell types.
The ras oncogene is another gene which is mutated in most human
cancers. A. Wood (Hoffmann-La Roche, Nutley, NJ) discussed ap

proaches to target the RAS oncogene for therapy of cancer. The ras
gene product, p21, can alternate between the inactive. GDP-bound
state and the active, GTP-bound state. Mutant p21 cannot be down-
regulated to its GDP-bound form by either of the two known GTPase-

activating proteins. GAP120 and NF1. Uncontrolled cell proliferation
appears to be driven by the constitutive association of p21-GTP and

GAP 120 and/or NF1. Several strategies are being tried in an attempt
to inhibit the oncogenic activity of the mutant p21. These include
blocking the expression of the mutant p21 with an antisense oligonu-
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clcotidc; disruption of the posttranslational modification of p21 that
leads to plasma membrane localization; displacement of the GTP from
mutant p21 with a nonactivating guanine nucleotide analogue or mi
metic; restoration of the ability of the mutant protein to hydrolyze
GTP to GDP and thus down-regulate itself; or inhibition of the inter

action of the mutant protein with its effector molecule.
Since many oncogenes encode protein tyrosine kinascs, theoreti

cally PTP may function as tumor suppressor genes inasmuch as their
inuctivation may have the same effect as the activation of protein
tyrosine kinases. C. Croce (Jefferson Medical School, Philadelphia.
PA) discussed the identification of a novel PTP. which he postulated
might serve as a suppressor gene. This particular phosphatase. PTPy,
is located on chromosome 3p 14â€”21,a region where allelic deletions

and mutations were identified in lung and renal cell carcinomas. It
might mediate cellular proliferation by modulation of a signal trans-

duction pathway by phosphate cleavage. Obviously, the identification
and isolation of phosphatases is the first step toward the understanding
of how these enzymes may contribute to cell growth and differentia
tion. The role of PTPs in mediating cell differentiation has been
further extended in work done by M. Oishi and his colleagues (Uni
versity of Tokyo, Tokyo, Japan). Having found that agents which
inhibit protein tyrosine kinases can induce the differentiation of MEL
cells and embryonal carcinoma (F9) cells, these investigators sug
gested that protein dephosphorylation at tyrosine residues plays an
important role in cellular differentiation (13, 14). Indeed, analysis of
cells treated with DMSO, sodium butyrate, HMBA, and other differ
entiation inducers showed that a variety of tyrosine phosphoproteins
disappeared in the initial 3-8 h of treatment. Phosphatase inhibitors

prevented the disappearance of the phosphotyrosine and inhibited the
differentiation of the cells. It was further found that the endogenous
differentiation factors D1F1 and DIF2 are activated by dephosphory
lation at tyrosine residue and this is brought on by the elevated level
of several different PTPs induced in cells treated with differentiation-

inducing reagents such as DMSO.
The effects of ATRA on APL provide the first clear clinical example

of differentiation therapy being applied in human malignancy based
upon /'/(vitro observations. Clinical trials initiated by M. Huang et al.

(15) and confirmed by L. Degos et al. (16) have now been widely
extended. R. Warrell (Memorial Sloan-Kettering Cancer Center, New
York, NY) reported on the extension of the Sloan-Kettering studies in

52 patients where 77% achieved a complete response (17). Responses
were relatively rapid in onset and were associated with fewer com
plications and shorter hospitalizations than occurred with chemother
apy for the same disease. The initial clinical response is characterized
by leukocytosis over the first 4 weeks followed by a period of relative
leukopenia and the normalization of peripheral count after 6 to 7
weeks. The median duration of response with ATRA alone has been
relatively short, approximately 4 months. Thus, the Sloan-Kettering

group is now adding combination chemotherapy for maintenance of
complete response for sustained remission duration with median sur
vival of more than 12 months. An analysis of 32 patients comparing
ATRA with conventional cytotoxic drugs for APL found that ATRA
resulted in a reduced requirement for platelet transfusion, RBC, am-

photericin and antibiotics, and hospitalization. The treatment was
complicated in approximately 20% of patients by a syndrome which
has the clinical constellation of capillary leak and which can be
reversed by glucocorticoids (18). The cause of the short duration
response still remains undefined. However, studies of the pharmacol
ogy of ATRA demonstrated a marked decrease in the plasma level of
ATRA after a short treatment period. This decrease was apparently the
result of the acceleration by ATRA of its own catabolism by elevated
level of microsomal cytochrome P-450 (19, 20). Another possible

contribution to decreased responsiveness in vivo is the induction of

CRABP, which has been linked to increased catabolism of ATRA(21).
Chomienne showed that secondary resistance to ATRA therapy in APL
patients was correlated to low differentiation response in vitro to
ATRA and to detectable levels of CRABP in both leukemic and
normal hematopoictic cells (21). Thus, in addition to the pharmaco
logical basis of decreased responsiveness, there may be a cellular
basis, where APL cells from relapse patients exhibit resistance to
ATRA-induced differentiation also in vitro. An update on the French

studies (22) was reported by P. Fenaux (Centre Hospitalier Universi
taire, Lille. France). In a randomized trial following remission induc
tion with ATRA, patients received daunorubicin and 1-ÃŸ-n-arabino-
furanosyl cytosine. A 78% event-free survival with a median
follow-up of 18 months was observed. In contrast, patients random
ized to receive chemotherapy had only a 50% event-free survival. The

study, which has now enrolled 78 patients, will continue inasmuch as
the differences are not statistically significant and the remission rate to
both approaches remains high (> approximately 80% in both treat
ment groups).

These clinical results have triggered a number of studies to dissect
the mechanism of the ATRA effect in APL. This disease results from
a reciprocal 15;17 translocation with production of an abnormal fusion
protein. PML-RAR (23, 24). The chromosome 17 breakpoint in APL
has been mapped to the RAR-a gene, and the translocation fuses
RAR-a and a gene on chromosome 15 called PML, explained A.

Kakizuka (The Salk Institute, La Jolla, Ã‡A).PML, a protein of 560
amino acids, contains a cysteine-rich region (wittily dubbed the Cys-
teine Chapel motif) present in a new family of DNA-binding proteins.

Thus, PML may represent a novel transcription factor and, consider
ing the structural feature of PML-RAR, it is most likely that the
aberrant PML-RAR fusion protein interferes with either the PML or

RAR transcription pathway. Kakizuka proposed that the nonliganded
PML-RAR protein is a new class of oncogene product. Kakizuka

identified truncated structures in APL cells which stain both with
antibodies to PML and to the RAR-a receptor. He postulates that these

intranuclear structures may be specific to APL. H. de ThÃ©(Hospital
Saint Louis, Paris, France) and Kakizuka et al. co-transfected PML/
RAR-a genes and retinoic acid response element (RARE) reporter
genes into non-hematopoietic cells (COS, HeLa, or CV-1) and found
different iram-activation properties depending on the cell system and
the promoter used, suggesting a cell type-specific gene activation or
inactivation. F. Farzaneh (King's College, London, United Kingdom)

showed that when transfected into HL-60 cells, PML/RAR-a inhib
ited RA-mediated granulocytic differentiation. This was specific for
RA-induced granulocytic differentiation as the DMSO-induced dif

ferentiation was not inhibited.
The efficacy of ATRA in APL is still unclear. High levels of ATRA

were shown to abrogate the inhibitory effect of PML/RAR-a in trans
fected HL-60 cells. Chomienne discussed different parameters that

influence the efficacy of ATRA therapy in APL patients. These include
critical intranuclear concentrations of ATRA, up-regulation of the
normal remaining RAR-a alÃele,and maintenance of low levels of the

CRABP.
The use of reverse transcriptase polymerase chain reaction to assess

and predict response of APL to ATRA and detect minimal residual
disease has been developed by the Sloan-Kettering group (25). Twelve
patients who had a clinical diagnosis of APL with normal or nondi-

agnostic cytogenetics were evaluated by this assay. The 8 patients who
were positive for the PML-RAR-a gene fusion, responded to ATRA

therapy, while the 4 patients with the negative assay failed to respond.
This assay can detect even one APL cell diluted into 10,000 non-APL-

leukemic cells. This assay is currently being prospectively evaluated
for assessment of minimal disease and need for continuing therapy. At
present, however, there are no data to determine whether the long term
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response results from elimination of the malignant clone or a long
term effect on cellular differentiation. Sensitive methods to detect
residual cellular clones are also being developed by A. Zelent (Leu
kemia Research Fund Centre, London, United Kingdom) and his
colleagues utilizing a reverse transcriptase polymerase chain reaction
(26). These investigators have also identified an APL variant with a
chimeric gene resulting from the translocation of the RAR-o gene to

chromosome 11 in juxtaposition to a gene called PLZF which codes
for a DNA-binding protein containing 9 zinc finger-like motifs (27).

Use of ATRA clinically for treatment of malignancy remains rela
tively empirical. To place this on a more rational basis, trials of
various formulations and various doses and schedules are being as
sessed. For example, L. Bonhomme et al. (28) have developed a
topical formulation in almond oil which resulted in skin lesion reduc
tion in 7 of 8 patients with Kaposi's sarcoma in the setting of acquired

immunodeficiency syndrome. Since clinical improvement was noted
and no new lesions developed, such patients are now being treated
systemically. This effect may be mediated in part by cytokines as
evidence for cytokine modulation by ATRA has been derived from the
study of H. Ross et al. (University of California, Irvine, CA) (29) who
demonstrated that ATRA inhibited production of GM-CSF by a bron-
chogenic carcinoma. Conversely, IL-1 levels increased in the cells

treated with ATRA. To place use of ATRA on firmer footing, a
Phase I trial has been completed by B. Conley et al. (30) (University
of Maryland Cancer Center, Baltimore, MD). At doses of 45-172
mg/m2, they have not yet found a maximally tolerated dose. After the

initial p.o. administration, ATRA levels in sera reached approximately
1 /xg/ml. A single patient with a solid tumor treated with 45 mg/m2

showed no change in pharmacokinetics after 7 months of treatment.
Side effects included mucocutaneous dryness, headaches, mild eleva
tion of liver function tests, and increases in triglycÃ©rides;4 of 10
patients at various levels had dose reduction for toxicity. A patient
with a breast carcinoma with skin mÃ©tastaseshad a partial response.

Use of various antisense approaches to influence cell differentiation
in vitro and in vivo was explored in the next session. To assess
differentiation of MEL cells, an antisense was prepared to a newly
identified induced gene, MER5, by Obinata et al. (31). MER5 seems
to play a role in inhibiting the differentiation of MEL cells. Since
MER5 has sequence similarities to various oxidoredox genes in bac
teria, the product of MER5 may have a related function. A possible
role in differentiation was strongly indicated by the finding that ele
vated expression of the antisense MER5 complementary DNA inhib
ited the induction of differentiation. B. Calabretta et al. (32) (Thomas
Jefferson University, Philadelphia, PA) also use an antisense strategy
to examine the role of hematopoietic growth factors in normal he-
matopoiesis. An antisense to N-ras decreased numbers of CFU-GM
colonies induced by IL-3 or GM-CSF, and of CFU-macrophage col
onies induced by macrophage-CSF, but not of granulocytic colonies
induced by granulocyte-CSF or IL-3. However, the same treatment

significantly inhibited colony formation induced by each of these
factors in combination with IL-3. CFU-megalocyte formation in the
presence of IL-6, IL-3, and erythropoietin was also markedly de
creased after antisense treatment. Y. S. Cho-Chung et al. (33) (NCI,

Bethesda, MD) assessed inhibition of a regulatory subunit of cyclic
AMP-dependent protein kinase type 1 by antisense, not only in vitro,
but also in vivo. They demonstrated that an antisense oligodeoxynu-
cleotide targeted against the first 21 bases of this cyclic AMP-dcpen-

dent protein kinase induces growth arrest in human solid colon car
cinoma transplanted into uthymic nude mice. Neither anlisense nor
random oligodeoxynucleotide structures had any effect. In their stud
ies, a more pronounced effect was demonstrated utilizing the phos-
phorothioate analogue. The potential role of thioate-substituted oligo-

nucleotides was also examined by N. Brysch (Max Planck Institute,

Gottingen, Germany). Utilizing a 1 JLIMconcentration of an anti-
TGF-02 phosphorothioate, he demonstrated that TGF-ÃŸ2production
by gliomas was blocked, thus leading to normal T-cell responses in
such tumors which otherwise inhibit T-cell proliferation as a result of

production of this cytokine (34).
The balance between differentiation and proliferation was assessed

in the next session. B. Suh and A. Amsterdam (35) (The Weizmann
Institute, Rehovot, Israel) and colleagues introduced gonadotropin
receptor gene into immortalized granulosa cells derived from rats.
These cells could then produce normal cyclic AMP-dependent steroid

responses upon human chorionic gonadotropin treatment with a con
comitant down-regulation of thymidine uptake into cell DNA, sug

gesting that with restoration of differentiated features, proliferative
control was regained. Pharmacological modulation of differentiation
in these cells could be achieved by glucocorticoids alone or in com
bination with theophylline to increase cyclic AMP, thus suppressing
growth and inducing differentiation. Hematopoietic cell differentia
tion has been dissected by C. Peschle et al. (36) (University "La
Sapienza," Rome, Italy) who isolated early hematopoietic progenitors

(CD-34 positive, CD-45 and CD-33 negative), utilizing immunomag-

netic bead methodology. Permissive for proliferation in this system
are cycatligan, fibroblast growth factor ÃŸ,and IL-6. IL-3 and GM-

CSF had multilineage effects, while differentiating effects for specific
lineages are demonstrated by macrophage-CSF, EPO, granulocyte-
CSF, and IL-6. A cascade of activation events may occur in these early
hematopoietic precursor progenitors, with IL-6 resulting in the up-
regulation of IL-3 receptor. IL-3R successively results in up-regula-
tion of the CSF-GM receptor and subsequently in erythroid precursor
up-regulation of the EPO receptor. Thus, there may be a complex and

coordinate interaction between these hematopoietic cytokines and
their receptors whereby the action of each cytokine enhances the
effect of the distal cytokine by a multistep potentiation mechanism.

In clinical studies, the response to hematopoietic cytokines in vivo
rapidly ceases following discontinuation of the administered cytokine
(37). This has led H. Broxmeyer et al. (38) (Indiana University,
Indianapolis, IN) to postulate that various cytokines such as MlP-la

may be induced which suppress colony formation. Various intercrine
family members were assessed for their capacity to suppress colony
formation by low-density normal human bone marrow CFU-GM,
stimulated by GM-CSF, and blast-forming unit-erythrocyte and CFU-
granulocyte-erythrocyte-macrophage-monocyte stimulated by EPO
with or without the kit ligand. MlP-la, MIP-2Â«, IL-8, MCAF, and
PF-4 antagonized kit ligand-dependent CFU-GM colony formation
with GM-CSF or blast-forming unit-erythrocyte/CFU-granulocyte-
erythrocyte-macrophage-monocyte colonies with EPO. These sup-
pressive effects were also detected on human marrow CD34 * HLA-
DR+ cells, suggesting suppression directly on the progenitors. Some

cytokines without suppressive activity could nevertheless block the
effect of suppressive cytokines (39). The influence of growth factors
in the hematopoietic microenvironment of leukemic cells was empha
sized by A. Raza, H. Priesler, and colleagues (University of Cincin
nati, Cincinnati, OH), using sequential infusions of iododeoxyuridine
and bromodeoxyuridine before and after treatment of AML. Admin
istration of 13-ci.v-RAand IFN-or resulted in a marked increase in total
cell cycle time and the induction of TGF-ÃŸ.TGF-ÃŸproduction by the

bone marrow stroma was also identified after the administration of
rctinoids to a patient with APL. These finding have led to the hypoth
esis that the hematopoietic proliferation may be stimulated by cyto
kines in a specific localized microenvironmenl. In AML patients, the
level of myb protein is inversely correlated with the destruction of
leukemia cells; the level of myc protein does not similarly correlate.
Treatment with GM-CSF reduced myb expression, and subsequent

chemotherapy eliminated it altogether, but granulocytes increased. In
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their studies, these investigators have correlated the presence of the
myb protein with outcome to chemotherapy.

Elucidation of new interactions between signal transduction path
ways will point toward new approaches for intervention. Considerable
cross-coupling between RA and PKC pathways was reported by J.
Kurie (Memorial Sloan-Kettering Cancer Center, New York, NY). RA

stimulates cytoplasmic and nuclear components of the PKC signal
transduction pathway in a multipotential human teratocarcinoma cell
line which RA differentiates into a neuronal and other phenotypes.
TPA combined with RA accelerates the changes in differentiation seen
with RA alone, suggesting that PKC activates important features of
the RA pathway. TPA also transiently increases mRNA expression of
RAR-ÃŸafter 24 h of treatment. Transfection experiments show that
transient PKC-a expression in RA-treated cells, compared to RA-
treated control cells, increased transactivation of the RAR-ÃŸreporter,
implicating PKC in the observed effects of TPA (40, 41). That cross-
coupling of IGF-II responses and the RA pathway may play a role in
the development of RA-resistant cells was demonstrated by C. J.

Thiele (NCI, Bethesda. MD). A resistant cell line (AS) constitutively
expressed IGF-II. Phosphorylated N-myc and RB proteins are unper
turbed in RA-treated AS cells, which fail to arrest in G, or to differ
entiate. However, in RA-sensitive cell lines, these proteins are mark

edly reduced; the cells arrest in G, unphosphorylated and differentiate
after 8 days. In the resistant cells, RA induces IGF-II protein, the cells

continue to proliferate in culture, but their tumorigenic phenotype is
suppressed. Treatment of RA-sensitive cells with high levels of IGF-II

delays but does not block the effects of RA. This work points to ways
in which to overcome RA resistance (42, 43).

Abnormal expression of retinoic acid receptors in SCC cell lines is
being probed by L. Gudas et al. (44, 45) (Cornell University Medical
College, New York, NY). An abnormally low expression of RAR-ÃŸis
postulated to contribute to neoplastic progression in stratified squa-
mous epithelia. Correlation between RAR-ÃŸgene expression and

keratin K19 gene expression, which has been observed in various
normal keratinocyte subtypes of the oral cavity, is not present in
transformed keratinocytes, SCC cells. The lack of apparent RA reg
ulation of the K19 gene expression in these cells may be associated
with other aberrations in differentiation.

Three new potential classes of differentiation-inducing agents were
discussed. R. Emmons (Hoffmann-La Roche, Basel, Switzerland) de

scribed a new arotinoid with a morpholine structure in the polar end
group (Ro 40-8757), which is currently in Phase I trials, in vitro
studies indicate that Ro 40-8757 does not bind to RAR-a, -ÃŸ,or -y
and is inactive in cellular transactivation assays with RAR-a and
RAR-ÃŸ.These results raise questions about the involvement of RARs

in the action of this retinoid. Proliferation of several human breast
cancer cell lines was significantly inhibited in vitro at concentrations
below 1 JAMafter 7-10 days of incubation. Furthermore, p.o. admin
istration of Ro 40-8757 to rats bearing mammary cancer causes tumor
regression. The combination of Ro 40-8757 in moderate dose with a
low dose of IL-2 exhibited synergistic antitumor activity in rats with
mammary tumors. IFN-a also enhanced the antitumor activity of Ro
40-8757 when given to nude mice bearing a human lung SCC xe-
nograft. The compound appears to be synergistic also with doxorubi-
cin, 5-fluorouracil, and cyclophosphamide, even when it is adminis

tered in subtherapeutic doses. A series of conformationally restricted
retinoids were synthesized and tested by M.I. Dawson (SRI Interna
tional, Menlo Park, CA) for activity in the JB6 mouse epidermal cell
line, which is a useful predictor in vitro of the response of epithelial
cells to tumor promoters and inhibitors of promotion in vivo. TPA-

induced colony formation is completely inhibited by a some retinoids
at concentrations ranging from 10~6 to IO"8 M with the most active

being 4,5,6,7,8-tetrahydro-5,5,8,8-tetramethylanthracen-2-ylbenzoic

acid. Inhibition correlated with the ability of these retinoids to activate
RAR-mediated transcription in transfection assays (46).

Tiazofurin, an inhibitor of inosine monophosphate dehydrogenase,
decreases GTP accumulation and down-regulates c-myc and ras. Its
effects are potentiated by RA and ribavarin in HL-60 cells (47). That

inosine monophosphate dehydrogenase may be useful in inducing
differentiation in chronic myeloid leukemia patients in blast crisis
was reported by G. Weber (Indiana University, Indianapolis, IN).
Seventy to 80% of such patients have responded (48). Yet another
candidate for inducing tumor cell maturation is phenylacetate (49,
50). The effects of this plant hormone and component of human
blood were described by D. Samid (NCI, Bethesda, MD). This sim
ple and inexpensive compound has no known toxicities, even at high
doses, and induces differentiation in a number of systems: erythroid
differentiation in leukemic K562 cells; granulocytic differentiation in
HL-60 cells; and terminal adipocytic conversion of immortalized

mesenchymal C3H10TW cells. In addition, prevention of neoplastic
transformation of premalignant cells and loss of malignant properties
in adenocarcinoma of the prostate and lung, melanoma, and glial
brain tumors have been observed. Phenylacetate was effective in
vitro at concentrations that have been achieved in humans with no
significant adverse effects. The use of the prodrug phenylbutyrate for
p.o. administration may be preferable because it does not share the
unpleasant smell of phenylacetate and is quickly converted to the ac
tive agent (50).

The effectiveness of retinoids in treating overt APL and in prevent
ing evolution to malignancy of oral leukoplakia and the development
of second primary tumors in head and neck cancer patients within the
past few years has clearly demonstrated that differentiating agents can
be effective for both prevention and treatment of malignancy. These
and other trials are summarized in Table 1. Trials of ATRA sponsored
by the United States. NCI were described by D. Parkinson (NCI,
Bethesda, MD). These trials prospectively randomize patients to che
motherapy or ATRA, following which all patients receive consolida-

Tahle 1 Clinical trials of differentiation therapv

Premalignancy
ormalignancyChemoprevention

Esophageal dysplasia
Oral leukoplakia
Head/necktumors(2nd

primary)
Cervical dysplasiaDifferentiation

inducerRetinamide

(China)
13-cu-RA
13-cis-RA13-cij-RA/lFN-aResponse

rate(%)>50>KU80

Therapy of hematological malignancies
APL ATRA, chemotherapy 90
AML HMBA, granulocyte- 30->80

CSFâ€”>chemotherapy

Dexter bone marrow cultures,
SCl-cAMP"

CML Interferons 30 CR
CML-hlast crisis ATRA PR. case reports

Tiazofurin 80
MDS ara-C ATRA Â±granulocyte- 30-60 PR

CSF, vitD, CR
HMBA, 5-aza-2'-deoxycytidine

Therapy of solid malignancies
Kaposi'ssarcomaCervical

carcinomaSquamous
carcinomaskinMelanomaLung

carcinomaBreastNeuroblastomaPediatrie

tumorsPhase
I (various tumors)ATRA

(topical),skinATRA
(systemic),visceral13-cis-Ra/IFN-a13-cii

RA/IFN-aATRA
+IFN-aHMBA,

retinoidsArotinoidATRAATRAATRACR

(>80)PR
(>50)50

(CR +PR)>50CREarly10-15,

earlyEarlyEarlyEarlyPR

breastPR
hepatoma

"SCl-cAMP, 8-chloro-cyclic AMP; CML, chronic myeloid leukemia; ara-C, 1-/3-D-

arabinofuranosylcytosine; CR, complete response; PR, partial response.
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tion chemotherapy. The second randomization then allocates patients
to maintenance therapy, observation maintenance therapy with ATRA,
or observation alone (51). Phase II trials have either now been com
pleted or are being conducted in germ cell tumors; neuroblastoma;
glioma and melanoma; breast, prostate, and lung adenocarcinomas;
and squamous cell malignancies arising in head and neck, esophagus,
lung, and skin. Hematological malignant or premalignant conditions
under study include myelodysplastic syndrome, non-M-3 AML, T-cell

lymphomas, and multiple myeloma. ATRA is also being studied in
combination with HMBA, IFN-a, and chemotherapeutic agents such

as etoposide, particularly in MDS and AML.
The cellular and molecular mechanisms underlying these clinical

effects are still not well understood. Conferences such as this are
essential to link the preclinical studies of cell and gene modulation
with clinical findings. The cascade of molecular changes which in
fluence cell differentiation and convert cells from a proliferating to
differentiated compartment requires continued probing. Accounting
for differences in clinical response, these events may well prove to be
quite different in cells derived from different tissues. The complexity
of growth and differentiation regulation is a blessing and a curse; on
the one hand the intricacy may allow the design of highly tumor
specific strategies for therapy while minimizing side effects, yet at the
same time, the apparent absence of a single, master growth-regulatory

pathway prevents the generation of a single successful strategy and
necessitates the elucidation of many molecular switches. Numerous
interconnections between diverse regulatory pathways seem to com
prise important control points and potential targets for therapeutic
intervention. Ultimately, differentiation agents will be most effec
tively utilized in combination with other modalities of therapy. The
basic principles underlying cellular mechanisms modulated by these
combination approaches are becoming more clear and ongoing labo
ratory and clinical observations will direct an expansion of this emerg
ing novel approach to biological response modification, chemopre-

vention, and chemotherapy.
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