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Abstract - Rapamycin (sirolirnus) is a macrolide related to cyclosporine with immuno-
suppressive properties and antiproliferative activity in various human tumor cell lines and
tumor xerograph models. The cytosolic kinase mTOR which controls the initiation of the
translation of messenger RNA is the main known target of Rapamycin. During clinical
studies, Rapamycin given by oral route as immunosuppressant did not show dose-limited
toxicity and only asymptomatic thrombopenia and hyperlipemia were observed. In
murine models, best antitumoral activity was observed using parental routes. CCI-779,
an analog formulated for intravenous use has antitumor activity without significant
immunosuppressive property in mice and is currently in Phase | trials in man. A
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and tumor xenograft models. The cytosolic kinase mTOR which controks the initiation
of the transtation of messenger RNA is the main known target of rapamycin. During cli-
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Rapamycin (Figure 1) or Sirolimus is a macrolide
produced by Streptomyces hygroscopicus, similar to
cyclosporine and FK506 (tacrolimus). It was initially
identified as an antifungal agent thirty years ago. [1]
Secondarily, it has mainly been developed as an
immunosuppressant agent (Rapamune®, Wyeth-
Léderlé). Several clinical trials have shown its value in
the treatment of organ graft rejection [2]. Its anti-tumor
properties in different cell models have also been known
for several years, but have never been the subject of
publications on human clinical trials [3]. The originality
of rapamycin is its mechanism of action. It specifically
inhibits a cytoplasmic protein kinase, mTOR (for
mammalian Target Of Rapamycin) that is involved in a
path of mitogenic signaling which regulates translation
initiation [4].

Interest in rapamycin was recently revived with the
development of analogs, such as CCI-779 (Figure 1),
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showing, in preclinical models, an antiproliferative
act|V|ty and a weak i |mmunosuppresswe effect [5].

Rapamvcin CCI 779

Figure 1. Rapamycm and CCI-779
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Rapamycin
Antitumoral activity

In vitro, rapamycin inhibits the growth of several human tumor
cell lines, especially osteosarcoma [6], Rhl and Rh30
rhabdomyosarcoma [7], of H69, H345 and H510 small cell
lung cancers [8], of H4 hepatoma [9] and of hormone-
dependent MCF7 breast cancer [10]. The range of effective
concentrations is from 0.3 to 50 nM. In many of these lines, it
has been shown that rapamycin blocks the cells in the G1 phase
of the cell cycle. This cytostatic effect was confirmed in vivo
in human tumor xenograft models in nude mice. [3] A
proapoptotic effect was also observed on rhabdomyosarcoma
lines grown without growth factor [11] and in combination
with cisplatin on an ovarian carcinoma cell line [12].

Mechanisms of molecular action

Rapamycin can be considered a "prodrug” insofar as its
intracellular action requires attachment to an immunophilin
called FKBP12 (FK506 binding protein because it also
attaches FK506) [13]. The complex thus formed is very stable
(duration of half-dissociation is 17.5 h) and allows a prolonged
biological effect of rapamycin (7 days after one hour of
exposure in vitro) [11], suggesting that the latter may be
administered intermittently.

The only currently known target of the rapamycin/FKBP12
complex is mTOR. It is a serine/threonine kinase of the
phosphatidylinositol kinases family [4]. It is activated by a
large number of growth factors, in particular interleukins 2, 4
and 6, insulin, and insulin-like growth factor 1. In response to
these mitogenic stimuli, mTOR activates the initiation of the
translation of many mRNAs by two parallel pathways [4, 14]
(Figure 2):

- Initiation factor 4E of the translation (elF4E) is in the basal
state sequestered and inhibited by the 4E-BP1 protein. mTOR,
by phosphorylating the latter, will allow the release of elFAE
and the initiation of the translation. The thus synthesized
proteins are assumed to induce, directly or indirectly, the G1/S
transition;

- mTOR activates the p70/S6 kinase which itself then activates
the ribosomal protein S6. In its phosphorylated form, the latter
selectively controls the translation of mRNAs having a
pyrimidine-rich domain at their 5' end. These mMRNAs encode
ribosomal proteins and elongation factors.

Protein activated factors upstream of mTOR after binding of
the growth factor to its receptor are less known. An isoform of
p85/PI kinase may, particularly, be involved [15].

The inhibition of the biological function of mTOR by
rapamycin appears to play a key role in its cytostatic action.
However, there is still much to learn on, firstly, the exact
mechanisms by which mTOR controls the G1/S transition and,
secondly, on any other cellular targets of rapamycin. Thus, it
has recently been shown in 3T3 mouse fibroblasts stimulated
with serum that rapamycin decreased the cyclin DI rate.
However, unlike what one might believe, this was not due to a
defective synthesis but to an accelerated degradation of the
protein [16]. On other models, rapamycin induces
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Initiation of the translation

Figure 2.  Transduction pathway involving mTOR. Fc:
growth factor; PI, Kase: phosphatidylinositol 3 kinase; mTOR:
mammalian target of rapamycin; rapa: rapamycin; FKBP:
FK506 binding protein; p70/S6Kase: ribosomal protein S6
kinase; elFAE: eukaryotic initiation factor 4E; 4E-BPI: elF4E
binding protein.

accumulation of the cyclin inhibitor p27'% [17]. The
proapoptotic action of rapamycin is also unclear. It seems
dependent on mTOR inhibition, but not p53 [11], or bcl-2 [18].
A better understanding of the mechanisms of action of
rapamycin at the molecular level would ideally predict tumor
sensitivity to this molecule as a function of the expression or
non-expression of a particular gene. It has already been shown
that tumors overexpressing c-myc were resistant to rapamycin
[19], as well as those from patients with ataxia telangiectasia
[20]. Interestingly, the ATM gene, deficient in the ataxia
telangiectasia, encodes a phosphatidylinositol kinase close to
mTOR.

Clinical experience

It concerns mainly the use of rapamycin as immunosuppressant
agent, alone or in combination with ciclosporin. Rapamycin is
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administered orally and is metabolized by cytochrome P450
3A in several inactive metabolites [21]

At the recommended dose for Phase Il of 7 mg/m?/day, toxicity
mainly involves biological parameters [2]. There is a dose-
dependent haematological toxicity predominant on platelets,
and usually asymptomatic and not requiring transfusion. This
haematotoxicity is of central origin and may be related to
inhibition by rapamycin of mitogenic signals from the
cytokines. Rapamycin increases the levels of triglycerides and
cholesterol sometimes considerably. This hyperlipemia could
be especially problematic when administered long-term due to
the increased cardiovascular risk. No acute pancreatitis or other
clinical manifestation associated with hypertriglyceridemia
was ever observed. Among those already severely
immunocompromised patients, rapamycin does not appear to
increase the risk of infections, except perhaps those related to
herpes simplex virus. This finding should be linked to the fact
that rapamycin increases the translation of mRNAs of certain
viruses [22].

A new analog of rapamycin: CCI-779

In several mouse models, the antitumor action of rapamycin is
most important when parenteral administration is used.
However, it is difficult to achieve in routine clinical practice
due to a low solubility of the molecule [5]. Thus analogues of
rapamycin have been developed whose physicochemical
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properties allow for easy intravenous administration.

CCI-779 is one of these analogs. It has a cytostatic activity on
several xenograft models of human tumors in nude mice,
particularly in glioblastoma, prostate, pancreatic and breast
carcinoma [23] and medulloblastoma [24].

Like rapamycin, attaching the CCI-779 to the FKBP12 is an
essential step in its action [23]. It remains to determine whether
it is possible to completely superimpose CCI-779's mechanism
of action on that of rapamycin.

Interestingly, the antitumor activity described in nude mice is
kept for 14 days after a daily administration over 5 days while
the immunosuppressive effect disappears after 24 h [23].
Phase | clinical trials are underway in France and the United
States.

Conclusion
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action and a favorable toxicity profile. Preclinical studies
suggest that those molecules have an essentially cytostatic
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analogs could guide the achievement of future Phase I1 clinical
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