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Rapamycins: Antifungal, Antitumor,Antiproliferative, an
Immunosuppressive Macrolides
Randall Ellis Morris

What weknow iva dap. What we don’t know is anacean.
oo : Lsiae Newton

pees in rapamycin (RPM) research has beenrapid and is poised to accelerate even more
dramatically. An Investigational New Drug applica-
tion (IND) for phase I trials of RPM as a treatment
for prospective graft recipients was approved less
than 2 years after the first published reports'* and
public disclosure’ of the ability of RPM to prolong
graft survival in experimental animals, RPMis a
macrolide fermentation product that has antifungal
and antitumor activity. However, its effects on the
immune system have generated the most interest
because RPMis structurally similar to another new
immunosuppressive macrolide, FK506. RPMis par-
ticularly intriguing because it inhibits the activation
of immunecells by unique, relatively selective, and
extremely potent and highly effective mechanisms.
For example, one half microgram of RPM adminis: :
tered daily to mouse recipients of completely mis-
matched heart allografts prolongs graft survival.
When these mice are treated for only 2 weeks with
higher doses ofRPM,or whena single dose ofRPMis
administered to rat heart allograft recipients, strain-
specific unresponsivenessis induced, and grafts sur-
vive indefinitely in both species.

The research on RPM is representative of a ©
significant shift in emphasis in transplantation. from
the macrocosmic world in which innovative surgical
techniques predominated from the 1950s through
the 1970s to our current focus on the microcosm of

cellular and molecular immunopharmacology.A rev-
olution inthe discovery, development, and clinical
use ofnew strategies.to control the immuneresponse
is clearly upon us: it took more than 35 years to

° From the Laboratoryjor Transplantation Imnuiialogy, Department of
Cardiothoracic Surgery, Stanfard Universily Schoal ofMedicine, Stanford,
CA.
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accrue the four imperfect mainstays of immunosup-
pression for transplantation—steroids, azathioprine,
anti~T-cell antibodies, and Cyclosporin.A (CsA), In
1992,six new xenobiotic immunosuppressantswill be
in clinicaltrials (Fig 1).

This newcra in imititinosuppression can be traced
to the convergence of several lines of research: (1)
the discovery and suctéssful clinical use of CsA; (2)
an increased understanding of the fundamental biol-
ogy of immune cells that enables the actions of
different immunosuppressants to be better under-
stoodand thus lay the foundation fot more rational
means to discover, develop, and use improved drugs;
and (3) organized preclinical research programs
designed to identify potentiallyvaluable immunosup-
pressants andto generate the knowledge needed for
these agents to be. used intelligently in the clinic,
Figure 2 shows the research program used for several
yearsin the Laboratory for Transplantation Immunol-
ogyat Stanford University that enabled usto identify
RPM™*" and the morpholinomethy! esterofmycophe-
nolic acid (MPA)'"5. as immunosuppressants for
graft rejection. The mechanisms ofaction and immu-
nopharmacology of these two compounds,as well as
F506,"deoxyspergualin (DSG),™! and brequinar
sodium (BOR)” have also been studied and com-
pared with one another in ourlaboratory.

Our spectrum of experimental systems begins
with in vivo mouse models that are so rapid, quantita-
tive, and inexpensive that we have been able to
evaluate hundreds of molecules for suppression of
alloimmunity. The vast majority of these drug candi-
dates fail during testing in rodents because they lack
efficacy or safety, and they are discarded quickly so
that our resources can be concentrated on com-

pounds with the greatest potential. Compounds that
showpromise are evaluated further in rodent models
to identify those with the following ideal characteris-
tics; (1) unique mode of action; (2) high efficacy for
the prevention or treatment of acute, accelerated, or

. chronic rejection; and (3) low toxicity. This Darwin-
ian selection process accomplishes two tasks:first,it
insures that only the agents with the greatest poten-

Transplantation Reviews, Vol 6,No I (January), 1992; pp 39-87 39
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Figure 1. Historyof the use ofdrugs used to control graft rejection.All of the following xenobiotics recentlydiscoveredto
suppress graft rejection in prechinical moclels have advanced to clinical trials: the antimetabolites such as mizortbine
(MZB), MPA inits prodrug form of RS-61443,and BOR; the eyelosporine-like drug FIK506, and drugs that define two new
classes of immunosuppressants, DSG and RPM.

tial are advanced to the expensive nonhuman pri-
mate transplant model; and second, it prepares us to
be able to use these compounds intelligently in
nonhumanprimates, The nonhumanprimate model
is important because it is highly predictive of the
safety and efficacyofa test drug in humans. The sum
of all knowledge produced from well-plannedpreclin-

ical stuclies is the essential foundation from which

successful clinical trials are designed and executed.
Newdrug developmentis a highly complex, multidis-
ciplinary task, and our contribution to the develop-
ment andclinical use of new immunosuppressants
depends on very close collaboration with scientists
and clinicians in the pharmaceutical industry.

FUNDAMENTAL
IMMUNOLOGY

 
TRANSPLANTATION AUTOIMMUNE
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Figure 2, Schematic representation of the program usedat the Laboratory ofTransplantation Immunologyat Stanford
Universityto identify compounds with immunosuppressive activities for transplantation and (o develop these compounds
forclinical use for the prevention andtreatment of rejection. Fundamental knowledge ofthe immune system coupled with
an appreciation of the characteristics of the drug candidateis used to design‘experiments to profile the activity ofthe
compoundand define its mechanismsofaction. Heterotopic transplantation of neonatal mouse heart allugrafts into the ear
pinnae of mouse recipients andalloantigenic and mitogenic stimuli ofpopliteal lymph node hyperplasia are used as rapid
and quantitative bioassays before proceeding to the more laborious techniques of primarily vascularized heterotopic
(abdominal) and secondarily vascularized heterotopic (subrenal capsule) heart allograft and xenograft transplantionin the
rat, Assessmentof the efficacy and the safety of the compoundin cynomolgus monkey recipients of heterotopic allografts
precedes phase I clinical trials in transplant patients andpatients with auloimmunediseases.

West-Ward Pharm.
Exhibit 1022

Page 004

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


West-Ward Pharm. 
Exhibit 1022 

Page 005

Rapamycins Al 

Ga®*.DEPENDENT Ca?+-INDEPENDENT
LIGANDS LIGAND+ +

TCR-CD3 CH4cDs \

| D2 LFA4 ot] FULLY
DIFFER.@SouLane =e ENTIATEDCYTOKINES ~2 - CELLS

CsA MZR .
FK506 MPA :BOR BDSG

(CEL)«=(BCELL)«=(B CELL)

Go—+ Gy SeGoeM
 

Figure 3. Schematic representation ofthe possible sites ofaction ofthe follawing ithmunosuppressants un activated T
cells: GsA and FIK306 prevent the transcription ofearly phase cytokine genes; RPMinhibits the signal transduction ofIL-2
bound toits receptor and mayhaveother antiproliferative effects unrelatedto lymphokinesignals; MZR, MPA, and BOR
all inhibit purine (MZR, MPA) or pyrimidine (BQR) nucleotide synthesis; DSG seems to inhibit late stages of T-cell
maturation. RPM, MZR, MPA, BOR,and DSGalso act‘on activated B cells at the sites shown

Even more important than the relatively large
number of newimmunosuppressants that have been

discovered is theit variety. Each of these new mole-
cules ‘suppresses the immune system by blocking
distinctlydifferent biochemicalreactionsthatinitiate
the activation of immunecells that cause the many
forms of graft rejection (Fig 3): Briefly, CsA and
FK506 act soon after Ca**sdependent ‘T-cell activa-

tion to prevent the synthesis ofcytokines iimportant
for the perpetuation and amplification of the im-
mune response." RPM actslater to block multiple
effects ofcytokines on immune cells including the
inhibition of interleukin-2—(IL-2~)triggered T-cell pro-
liferation,””' but its antiproliferative effects are not
restricted solely to Tand B eclls.RPMalsa selectively
inhibits, the proliferation ofgrowth factor-dependent
and growth factor-independent: nonimmune cells.
Mizoribine.(MZR),” MPA," and BOR™are antime-
tabolites that inhibit DNA synthesis primarily in
lymphocytes. These new antimetabolites are more
selective than azathioprine because these com-
pounds block the activity of enzymesrestricted only
to the de novo purine or pyrimidine biosynthetic
pathways. Lymphocytes are more dependenton these
pathwaysfor nucleotide synthesis than othercells.

Recentreviews” discuss these and other immu-
nosuppressants, RPMhas recently been the subject
of four brief reviews," a long review,” and ‘has
been included in reviews that have primarilyfocused
on FK506."" This review provides a complete profile
of RPMfrom work published through the end of
August 1991, Despite the progress made in under-
standing RPM since the first publication on this
compound in 1975," the description ofits ability to
suppress graft rejection has stimulated renewed

interest by a wide varictyof investigators whose work
has not yet been published. As a result, research on
macrolide immunosuppressants has become fluid
and extremelyfast-paced. Because unpublished data
generally-are not available*for evaltiation, I have uot
referred to unpublished work or personal comimuni-
cations. Hawever, I have relied on many studics of
RPMfrom the Laboratory ofTransplantation Immu-
nology at Stanford University that have yet to be
published in full. In miost of these: cases,, I have
supplied the data from which conclusionsinthe text
are drawn.

Because this review is being written -relatively
early in the research life of RPM, and because the
majofity of the work on this coniplex molecule has
yet to be published, the material subsequently. pre-
sented shouldbe regarded:more as a preview rather
than as a review. At the very least, this articlewill
provide a logical framework that otheriinvestigators
cari use to organize and to evaluate newinformation
on RPMasit is published, For manyinvestigators
with highly specialized interests, only selected sec-
tions will be of use. For others, it is essential to
understand all that is known about a new and unique
molecule such as RPM. Without an understanding of
RPMthatis both deep and broad,itwill be difficult to
meet the challenging tasks of usitig RPM as4 tool to
learn more about the immune system, maximizing
its therapeutic potential, and discovering new and
improved membersofthis class of immunosuppres-
sant. If we strive to understarid thoroughlythelittle
that is now known about RPM,we will make more

efficient and rapid progress toward out goal of
understanding all of the important biological effects
of this molecule.
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