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RE‘CE‘IDT Number SGANNED 7

e

IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF MICHIGAN
SOUTLHERN DIVISION

DUSA PHARMACEUTICALS, INC., a
New Jerscy corporation; and :
QUEEN’S UNIVERSITY AT : Case: 2:08-cv-10273

KINGSTON, a Canadian academic : Assigned To : Duggan, Patrick J
Organization : Referral Judge: Majzoub, Mona K
: Assign. Date : 01/20/2006 @ 11:45 a.m.
Plaintilfs, : Description: CMP DUSA
. PHARMACEUTICALS, ET AL
v : V. AMIRA EL-ALAYLO SOHEIM, M.D. (TAM)

AMIRA EL-ALAYLI SOHEIM, M.D.,

Individually, and d/b/a/

HARPER LASER CLINIC,
Delendants,

COMPLAINT

Plamtiffs DUSA Pharmaceuticals, Inc.” ('“DUSA@”) and Queen’s University at
Kingston (“Queen’s University™) (collectively “Plaintiffs’), through their counsel, COX,
HODGMAN & GIARMARCO, P.C., hereby allcge the lollowing for their Complaint
against Amira El-Alayli Sohcim, M.D. ("Dr. Soheim") and Harper Laser Clinic

(collectively “Defendants™):

JURISDICTION AND PARTIES

1. This is a civil action for patent inftingement of United States Patent Nos.

6,710,066 ("the '066 patent") and 5,955,490 (“thc *490 patent™) under 35 U.S.C. § 271(a).
2. This Court has jurisdiction under 28 U.S.C. § 1331 and § [338(x).
3. Venue 15 proper in this Judicial District under 28 U.8.C. §§ 1391(b) and §1400(b).

4. DUSA® is a corporation organized under the Jaws of the State of New Jersey

having its principal place of business at 25 Upton Drive, Wilmington, MA (01887.
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5. Queen’s Unmiversity is a public university registered in the provinee ol Ontario and

located in Kingston, Ontario, Canada.

0. Plaintiffs are informed and believe that Dr. Soheim 1s a citizen of Michigan, 1s the
owner of, and does business as (“d/b/a”) Harper Lascr Clime, located at 20340 Harper

Avenuc, Harper Woods, Michigan, 48225,

7. Plaintiffs are informed and believe that Dr. Soheim practices medicine in concert

with Harper Laser Clinic at 20340 Harper Avenue, Harper Woods, Michigan, 48225,

5. Plaintiffs are informed and believe that Dr. Soheim, in concert with Harper Laser
Chimc, commits acls of nfringement of the ‘066 patent and the ‘490 patent within this
State and Judieial District. A substantial part of the events giving rise to the claim

oceurred in this Judicial District and Division,

COUNT 1
INFRINGEMENT
OF UNITED STATES PATENT NO. 6,710,066

9, Plainti(Ts repeat and re-allcge each and every allegation in the foregoing

paragraphs as though fully set forth herein.

10, The *066 patent, entitled "Photochecmotherapeutic Method Using 5-
Aminolevulmic Acid and Other Precursors of Endogenous Porphyrins,” was duly and
lawfully granted on March 23, 2004, by the United States Patent and Trademark Office.
The 066 patent is owned by Queen’s University and is cxclusively licensed to DUSA®.

See Exhibit A (a true and comrect copy of United States Patent No. 6,710,066),

11, DUSA®, under its License from Queen’s Umiversity, manufacturcs, offers for sale,
and sclls pharmaceutical compositions contaimng aminolevulime acid under the

1 ' . ' .
trademark, LEVULAN®, for use in the treatment of actinic keratosis, a nonmalignant

hyperproliferative skin lesions, as covered by the '066 patent.
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12. Upon information and belict, Dr. Soheim, in concert with Itarper Laser Clinic,
uses aminolevulinic acid containing drug products to trcat paticnts for actinic keratosis,
and thereby mfringes the ‘066 patent under 35 U.S.C, § 271(a). See Exhibit B (a truc and

corrcet copy of relevant pages of Defendants’ website).

I3, Defendants’ mfringement of the *066 patent 1s knowing, willful and wanton under

35 U.5.C. § 284 and make this an exceptional case under 35 U.S.C. § 285.

COUNT II
INFRINGEMENT
OF UNITED STATES PATENT NO. 5,955,490

14, Plaintiffs repeat and re-allege each and every allegation in the foregoing

paragraphs as though fully sct {orth herein,

15. The “490 patent, cntitled "Pholochemotherapentic Method Using 5-
Aminolevulinic Acid and Other Precursors of Endogenous Porphyrins,” was duly and
lawfully granted on September 21, 1999, by the United States Patent and Trademark
Office. The '490 patent is owned by Qucen’s University and is cxclusively licensed to

DUSA®. See Exhibit C (a true and correct copy of United States Patent No. 5,955,490).

16, DUSA®, under its license [rom Queen’s University, manufactures, offers for sale,
and sells pharmaceutical compositions containing aminolevulinic acid under the

B - . . ) ;
trademark, LEVULAN, [or use in the treatment of acne in human palients, as covered

by the '490 patent.

17. Upon information and belicf, Dr. Soheim, in concert with Harper Laser Clinic,
uses aminolevulinic acid containing drug products for the treatment of acne, and uses
those anunelevulinic acid containing drug produets to trcat paticnts for acne, and thercby

mlringes the ‘490 patent under 35 U.S.C. § 271(a). See Exhibit B.
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18,  Defendants’ infringement of the ‘490 patent 1s knowing, willful and wanton under

35 U.S.C. § 284 and make this an exceplional case under 35 U.S.C. § 285,

COUNT 111
FALSE ADVERTISING UNDER § 43(A) OF THE LANHAM ACT

19.  Plaintiffs repeat and re-allege each and cvery allegation in the foregoing

paragraphs as though fully sct forth herein.

20, DUSA®, under its licensc from Queen’s University, manufactures, offers lor salc,
and sells pharmaceutical compositions contaimng aminolevulinic acid under the

registered trademark, LEVU LAN®, for usc in the treatment of actinic keratosis.

21.  Ncither Dr. Soheim nor Harper Laser Clinic have any rights to use DUSA®’s

registered trademark, LEVULAN®,

22, Upon information and belief, Dr. Sohcim and Harper Laser Clinic sell
aminolevulinic acid for the treatment of actinic keratosis, and advertise aminolevulinic

acid for the treatment of actinic keratosis.

23.  On their website, Dr. Soheim and Harper Laser Chnic use DUSA®'s registered

trademark, LEVULAN®. See Exhibit B.

24, Dr. Soheim and Harper Laser Clinic have madc misleading designations of
origins of the aminolevulinic acid, false and misleading descriptions of fact and false and
misleading representations of fact. This is likely to cause confusion, mustake or

deception as to the source of the aminolevulinic acid. See Exhibit B.

25.  Dr. Soheim’s and Harper Laser Clinic’s aclions are intentionally designed to
likely deceive and confuse consumers n violation of § 1125 of the I'rademark Acl

(843(a) of the Lanham Act).
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COUNT 1V
TRADEMARK INFRINGEMENT UNDER § 32 OF THE LANHAM ACT

26. Plaintiffs repeat and re-allege cach and every allegation in the foregoing,

paragraphs as though fully set forth herein.

. i3 - N . . ~
27. DUSA”, under its license from Queen’s University, manufactures, offers for sale,
and sclls pharmaceutical compositions containing aminolevulinic acid under the

registered trademark, LEVULAN®, for use in the treatment of acne in hyman patients.

28.  Neither Dr. Soheim nor Harper Laser Clinic have any rights to usc DUSA™s

registered trademark, LEVULAN®,

29, Dr. Soheim and Harper Lascr Clinie sell aminolevulinic acid, and advertise

aminolevulinic acid for the treatment of acne in human patients. See Exhibit C.
I

30, On their website, [larper Laser Clinic and Dr. Soheim use DUSA®'s registcred

trademark, LEVULAN®. See BExhibit B.

Ea
)

31.  Upon information and belief, Dr. Sohcim and Harper Laser Clinic use DUSA
registered trademark, LEVULAN®, in connection with the sale, offering for sale,
distribution and advertising of the poods in a mammer which is likcly to cause confusion,

to cause mistake and to deceive.

32.  Dr. Soheim’s and [larpcr Laser Clinic’s actions arc intentionally designed to
likely deceive and confuse consumers in violation of § 1114 of the Trademark Act (§32

of the Lanham Act).

COUNT Y
VIOLATION OF THE MICHTIGAN CONSUMER PROTECTION ACT OF 1976,
MCI. § 445,901, ET SEQ.

33, Plaintiffs repeat and re-allege cach and every allegation in the foregoing

paragraphs as though fully set forth herein.
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34, DUSA®, under iis license from Queen’s Umversily, manulactures, offcrs for sale,
and sells pharmaceutical compositions contaiming anunolevulinic acid under the

registered trademark, LEVULAN@, for use 1n the treatment of actinic keralosis and acnc,

35, DUSA®, under its license from Queen’s University, uses its federally registered

trademark, LEVU LANGD? on its drug, aminolevulinic acid.

36. Dr. Soheim and Harper Laser Chnic sell aminolevulinic acid, and advertise

aminolevulinic acid.

37.  Neither Dr. Soheim nor Ilarper Laser Clinic have any rights to use DUSA®’s

registered trademark, LEVULAN®,

38. On their website, Ilarper Laser Clinic and Dr. Soheim use DUSA™s rcgistered

trademark, LEVULAN®. See Exhibit B.

39.  Dr. Soheim and Harper Laser Clinic use unfair, unconscionable or deceptive

methods in falsely passing off aminolevulinic acid as DUSA®™s LEVULAN.

40.  Dr. Soheim and Harper Laser Clinic have knowingly misrcpresented by
advertisement the manufacturc or origin or commercial sponsorship of the aminolevulinic

acid drug sold, offered, or exposed for sale,

41.  Dr. Sohcim’s and Harper Laser Clinic’s actions are intentionally or negligently
designed to deccive or confusc purchasers in violation of the Michigan Consumer
Protection Act of 1976, specifically, but not limited to MCL §§ 445.901(1)(a), (1Xc),

{(Dye), (1D, (1){g), (1)s), and (1)(bb), among others.
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COUNT VI
MICIIIGAN COMMON LAW TRADEMARK INFRINGEMENT

42, Plamntiffs repeat and re-allege each and cvery allegation in the foregoing

paragraphs as though fully set forth herein.

43.  DUSA® under its license from Queen’s University, manufacturcs, offers for sale,
and sclls pharmaceulical compositions containing aminolevulinic acid under the federally
registered, distinctive trademark, LEVULANY, for usc in the treatment of actinic

keratosis and acne.

44, Neither Dr. 8ohcim nor Harper Taser Clinic have any rights to use DUSA™s

trademark, LEVULAN®,

45.  Dr. Soheim and Harper Laser Clinic sell aminolevulinic acid and advertisc

aminolevulinic acid.

46, On their website, Harper Laser Clinie and Dr. Soheim use DUSA®’s trademark,

LEVULAN®, See Exhibit B.

47 Dr. Soheim and Harper Lascr Clinic use DUSA™s trademark, LEVULAN®, in
connection with the sale, olfering for sale, distinbution, and advertising of aminolevulinic

acid m a manner which is likely to causc confusion, to cause mistake and 10 deceive.

48, Dr. Soheim’s and Harper Lascr Clinic’s actions are intentionally designed to
likely deceive and confuse consumers in violation of Michigan’s common law trademark

infringement,
WHEREFORE, Plaintiffs pray that:

a. Defendants be preliminarnly and permanently cnjoined from infringing

Umiled States Patent No. 6,710,066
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b. Defendants be preliminanly and permanently enjoined from infringing

United States Patent No. 5,955,490,

c. Defendants be ordered to pay compensatory damages as a result of his
infringement of United States Patent No. 6,710,066, including all damages suffered by

Plaintiffs as a resull of the infringement, increased by three times for willful behavior;

d. Defendants be ordered to pay compensatory damages as a result of s
infringement of United States Patent No. 5,955,490, including all damages suffered by

Plaintiffs as a result of the infringement, increased by three times (or willful behavior;

e, Delcndants be preliminarily and permanently enjoined from promoting and
advertising aminolevulinic acid in a conlusingly similar manner to DUSA®'s

LEVULAN®,

. Defendants be ordered (o pay compensatory damages as a result of bis
false and misleading advertising, including all damages suffered by DU SA" as a result of

the false and misleading adverlising, incrcascd by three times for willful behavior,

2. Defendants be preliminarily and permancntly cnjoined from promoling and
- . - - P _ .. iy
advertising aminolevulimc acid in a confusingly similar manner to DUSA™'s

LEVULAN®,

h. Delendants be ordered to pay compensatory damages as a result of his
trademark infringement o [DUSAs registered trademark, ILEVULAN®, including ail
damages suffered by DUSA® as a resull of the infringement, increased by three times [or

willful behavior;

i. Defendants be ordered to pay actual damages as 4 resull of his unfair and

deceptive acts, including all damages suffered by DUSA™ as a result of the unfair and
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deceptive acts, increased by three times for willlul behavior pursuant to MCL §§

445 901(1)(a), (1)(c), (1)(c), (IO, (1)g), (1)Xs), and (1)(bb), among others; and

J Plaintifis be awarded such other further relict as the Court shall deem

appropriate.

Dated: January 20, 2006

Respectfully submitted,

Tomiel . Kelly (P41315)

Stephen 1. Hitcheock (P150035)
Altorneys for Plaintiffs

Cox, Hodgman & Giarmarco, P.C.
Tenth Floor Columbia Center

101 West Big Beaver Road

Troy, M 48084-5280
248.457.7000

William J. McNichol, Jr.
Marvyellen I'echery
Valerie Brand Pipano
Reed Smith LLP

2500 One Liberty Place
1650 Market Strect
Philadelphia, PA 19103
215.851.8100
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Exhibit A

DUSA Pharmaceuticals, Inc. v. Soheim, et al.
Complaint
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PHOTOCHEMOTHEBAPEUTIC METHOTY
USING S-AMINOLEVULINLC ACID AND
OTHER PRECURSORS OF ENDOGENOLS
PORPHYRINS

CROSS REFLERENCE 17 RELAIELD
APPLICATIONS
This application is a continuation of U8, application Ser.
No. 09/293,835, liled Apc. 19, 1999, whicl n wn 15 a

gomtinuation-in-pact of U5, application Ser. No. 08/082, 113,

liled Jun. 28, 1993, (now U.S. Pal. No. 5,422 093 ks
Tun. 6, 19%3), which is » conlinuation-in-part in U8, appli-
calion Ser. Noo 07/865,157, filed Apr. 8, 1992, (now U5,
Pat, Mo, 5,231,910, issued Ang. 10, 1993), which s a
continuation-in-part. af 15, application Ser. No. O7/783,
750, filed Oet. 28, 1991 (now 1135 Pat. Noo 5,211,538,
issned May 18, 19493), which is a continuation of UL5. palent
application Ser. No. 07/386,414, {iled Jul. 28, 1989 (now
US. Fat. Mo, 5,079,262, ssoed Jau. 7, 1992), The disclo-
sures of all these applications are incorporated herein by
reference,

FIEIT? OF INVENTION

‘This invention relates 1o the deteetion and 1reatment, by
induced luorescence and pholochemotherapy, respoctively,
of cerrain lssue abnormalitics (both canccrovs and nod-
malignant of endogenous and exopenous oripin), hyperpro-
liferative cells, and normal cells, ‘1The invention also relates
1o the detcetion and tecatment of abnormalitics in body Huids
ar suspensions of tissues containing abnormal cells by
indueed Huoreseenes and photochematherapy.

BACKGROUND OF INVENTION

Tissue aboormalities ovolving the skin usvally ac
detected and wssessed by o combination of visual inspection
and palpation. Lo certain elinical situations the sensitivity of
the visual inspection can be enhanced by the use of non-
while light (either ullraviolel or & oarmow band i the
vigible), or by the prior application ol a contrast-enbancing
agenl such as dilue acetic acid or certain stains. ‘lissucs
ahnormalitics that involve surfaces thal cannot be palpated
(such as the hronchi or the uinary bladder) may e visaal-
iz via an appropriate scope, Some spocialized seopes can
detect induced fluorescence. If the abuormality in question
iz associatcd with a difference in either the extent or the
pattern ot tizsue vageularization, such a scope may be used
1y delermine Lhe limits of the area involved by the
shnormality, by visualizing an injecied bolus of fluoresccin
ar other fluoreseen! malerial as it passes through the vascu-
luture of halh the lesion and the adjacent necmal tissae.

In addition, Muorescence-delecting scopes are being used
expenimentally to jdentily sress of tissue thal show strong
porphyrin Tuorescence following the intravenous injection
of cxogencus porphynins such as hematopherphyrin X
{I1pLX), hematoporphyrin derivative (HplY), or “dihemaln-
porphyrin ether™. Such porphyring fead to accumulale semi-
prefercntially in malignast tissues, hut they also accumulate
in tisgucs that are regenerating tollowing an injury ar in the
rapidly growing tissues of an cmbryo or folus. Normal liver,
splecn, and kidney alsa tend o accumulate these porphyrins.
Using such compounds and fluorescence-detsoling scopes,
arous of malignant lissue oo small W be ideotified by
standard forms of visual inspection have been identified io
the bronchi and in the arioary biadder

Unlortunately, a clinically significant (pholosensilizing)
amount of parphyrin may persist in the skin Lor al least two
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weeks, (occasionally for more than two months) following
the intravenaous injection ol FpIX, TplD, or a semi-puridied
preparation of [pD, such as Photofrin U, (Fhotophrin 1s
egislered trademark of Quadra Logies, Joe. Vancouver,
British Columbia, Canada) This means thal patieats must
avoid cxposure 1o sunlight (either direct, or through window
glags) for an incoaveniontly long perincd of time post-
njection. Understandably, paticnt eompliance ofien is poor,
and accidentyl pholotoxic “sunburn™ s 4 common aecue-
renee in the weeks following a diagnostic or therapeulic
injection wf porphyrin, Persistent photosensitivity is Lthe
major hazard associated wilh this teehnigue, and i3 the main
reasen why it is notl wsed more widely,

The standard tecatments for cancer comprise surgery,
radiotherapy and chemotherapy. However, other [orms of
wreatmaent are also known, including, pholochemotherapy or
phiolodynamie therapy (LYY, bascd on the discovery made
nver 90 vears ago that unicellular organisms, Le., certain
rapid ly growing cells (such as cells of the Lower Kingdom,
nuw pelerred 1o as Protista), treated with gertaio chemicals
will die when exposed to lipht, Thus, syathetic porphyrins
have becn shown in vitto 1o protect cells rom infeclivos
such as parasites, ¢.g., tycomastigotes and sphasromastig-
les of Terepgatosema oruzi, J, Parasitol, T5(6) 1989, p.
970976, and pram positive bacleria, mycoplasma and
yuasls, Malil vl al. J, Photochemistry and Photobialogy, T
Biology 3 281 -293 (1990), F aene is known (o, in vilro,
produce utragellular protoporphydn in the presence of
cxopcnovs ALA. Kjeldstad, Conference un Photwsensitica-
tion and Photochemotherapy of Cancer, Del Norske
Videnskaps-Adademi, Mar 16-17, 1993, Oslo, Norway.

PP i currently being used, on an experimental basis, to
treat several differcnt types of cancer as well as certuin
non-malignant lesions such as psoriasis. The patient iz given
a photo-activalable drug thal has sume degree of specificity
for the 1issue being lrealed. A tissue volume that includes the
target Lissue is then exposcd to photoactivating Lizht so as 1o
destroy 1he target Ussue while causing only mild and revers-
ible damage w the other lissues in the samc ircatmont
volume,

There are two main types of photochemelherapeutic
apents in clinical usc st present. The ficst type,
methoxypaoralens, arc given sysemically, Uliraviolet lipht
1% essentiol o activale them. ocalized exposure of psoralen-
containing Ussues 10 ulraviolet light induces a localized
photochemical reuction thal causes the drug to bind
covalently 1o the DNA of living cells, thus destroying their
wroliterative potential, The second iype, porphyrins and
related photosensitizers, are also given syslemically (by
intravenons injection), although occasionally they ure yiven
cither topically or Liy intralesional injection. They can be
activatcd by visible (red) tight. The localived exposure of
purphyrin-containing tissues 1o such lght ordinarily does
not nduee a chemical reaction hetween cell components and
the porphyrin molecules. Insicad, the porphyring act as
calalysts by trapping the encrpy of the photoactivating light
and then passing it on L molecales of oxypen, which in tirm
are raised 1o an excited statc that is eapable of oxidizing
adjucent molecules or structurcs. Cell death is pol caused
primarily by damage tu the DINA, bt by damage 10 essentil
membrine structures, 'The poal of pholochemotherapy is
sumetimes vure (mainly for basal cell carcinomas), but
usnally the goal i3 palliation through local control when
none of the standard torms of therapy are considered likely
to otfer a significan! degree ol benefil o the palisot.

Meuthaxypsoralen (PFUVA)Y therapy is used mainly for the
ucatment of psorias(s, but sametimes it is also used Lo reat
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very superficial cancers that involve the skiu (mainly myeo-
sis fungoides). However, there are two serious problems
with such treatments. First, the procedure has been demon-
strated in humans 10 he carcinagenic. Second, the depth st
which malignant tissue can be killed is limited to a fow
millimeters below the illuminaled surface. 'These prollems
severely lindl the useluluess of the methoxypsoralens tor
photochemotherapy.

F-Amivu-4-oxopeutancic acid, also kKnown as
S-aminolevulinic acid and as *-awinolevolinic agid
(“ALA"Y has Leen describod o the cross cefereneed patents
and pauteul applications st set Doel in (this spocilication tor
detecting and treating rapidly growing cells. AILA has also
been oported Bor vse o atteouating the growtlh and killing
plants and jnseats when applied cirecily Lo such organisms
fallnwed by exposure to light, based on work of Rebeir et
al.

Synthetic porphyrins have also been used ax photochemo-
therapeutic apents in treating rapidly growing, e.g. rapidly
dividing or rapidly melabolizing infectious cells, sucl us
infectinus pathogens, including, protosoal parasites, such as
Plasmadium faiciparim (which causes malaria in bumans),
various other species ol Plasmodia, Leistinania, and
amaoebae, pathogenic fungi, and microplasma, including e

various parasitic forms, all such cells and organisms being 2

reforred 10 herein as Protista. The lerm Protista as used here
and in the literature rebers o the lowest orders of the animal
and vegelable kingdoms, siogle celled or collections of
single celled organisms including: the eukaryotes, ineluding
protoroa, fungi and algac, and the prokaryotes, which are
bacleria and hlue-green algae.

Al present, the porphyrins most commenly veod for
pholochemutherapy are Hematoporphyrin 1X (HplX),
Hematoporphyrin derivative (I1pD) and various semi-

pusiticd preparations of HpD such as enmmercially availuble s

Photofring® II, a semi-purified form of Hpl). When porphy-
rins are vsed as photosensitizers, cell death resulls (rom
damape 10 cell membranes, Consequently, malignan! rans-
[ormation & not 4 serious problem. Moreover, since e
visible {red) Lipht that is used 1o pboloaclivate potphyrins
penetrates tissue nomeh mare deeply than does the ultraviolet
light that must be used to photoaclivale methoxypsoralens,
the depth at which porphyrin-treated tissue ean be Killed is
substantially greater. Also, sinee cerlain types ol porphyrins
show a sipniticant tendency ta accumulaie proferentially in
malignant tissues, it is sometimes possible w desiroy malig-
nant tissue withoul cuusing clinically signilicant dawmagpe to
adjucent normal Ussues.

The main problem with the systemic use of HplX, Hpld
and Pholofrin 1T is that photosensitizing concentrations
persist in the skin [or severa] weeks fo several months
lollowing their adriinistration, Conscquently, severe acci-
dentul phololyxic skin reaclious may oecnr naless the paticot
avoids exposure ko sunlight (cither direet, or filtered through
window glass) until the coneenlration of the phovsensitizer
in the skin has heen reduced o a harmless level At prescnt,
the problem of photosensitivily fullowing (e adminisération
al parphyring ts handled by advising the paticnt to avoid any
form of cxposure to sunlight {or o very hrght ariificial
Lights) for & period of at least two weselks post-injection, and
10 iniLiale subsequent exposure to sunlipht very cantionsly.
Nul all patients comply with these instrugtions, sinee it often
1% quile inconvenicnt to do so. ln addition, the use of a
sunscresn with a hiph blocking factor is recommended with
warning, thut this will only reduce (e hazard somewhat, not
eliminate it completcly. In o few cases, patients whose
Photasensilization persisted for wore (than a month posi-
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treatment have becin given large daily doses ol bela-carotenc
over a perfod of severa]l months in an attempt to provent
accidental pholotoxic damage. Tiually, attempts have heen
made 10 reduce pholotoxicily by applying the photosensi-
Liver wpically G a lirmited arca.

However, another type of prolilem is cncovntered i€ HpIX
or HpN s applied lopically in DMSO (dimsthy lsu) foxide),
Azome, or some other vehicle intended to enhanee their
diffusion throngh tissue. The porphyring tend o bocome
immaobilized wherever they bappened to be when the DMS0
or Avong becomes diluted by normal tissue fluids to such an
extent that the porphyrins ¢an oo longer diffuse throwgh the
Lissue (or even remain in solution), Consequently, the apical
application of porphyrios ollen is associated with 5 lass af
spucilicily for malipnant tissues, and normal tissues near the
site of applicationl may develop persistent pholosensitization
from the localized concentration of pormphyrin.

QBIECT OF INVENTION

Il is an object of the present inveation to provide a methaod
for the detection of cerlain (vpes of malipnant and ooon-
malignant cells focluding a collection of ¢ells, and isue
abnormalities by induced Huoresecnce,

Ti is yst another object of this inveation to provide a
pholodynamic (photosynthesizing) treatment method using
an agent which can 1 administered cither systemically or
wpically which is not in itself & photosensitizer but which
induces the syonthesis or accumulation or both of protopor-
phyrio IX (PpIX} and other cndogenous potphyrins, their
precursers and thelr photoproducts, in rapidly growing cells,
mcluding abrouormal cells in otberwise normal tssues, in vive
o in viten,

The terms porphyrin(s) and their precursors cefer to
campounds produced in vive io the syothesis of heoie and
other endogencusly preduced photoactivatable compounds
meleding their photoproducts,

SUMMARY OF TNVENTION

This invention is bascd on the finding that exegenously
administered ALA and other precursors of JpEX are metabo-
lized in pativats 0 PplX and that PplX prefercmislly sceu-
mulales in mapidly growing cells, as contrasted with less
rapidly growing cells. The rapid growth is eorrelated with
the metsholic activily, so that the dittereatial aceummlatian
is allocted by the relative metabolic activily between diller-
vt eclls,

This invention provides s method for detecting o a
palient, a malignanl or non-malignant lesion o ahpormality
which is sensitive 1o PplX, namely those which preferen-
tially aceurnulate PplX, comprising administering 1o said
patient an eflective amount of a precursor of HplX in Lhe
hiosynthelic pathway for heme so as o induee sn accumu-
lalion of PpIX in said lesions, and exposing smid lesious o
tighl having & wavelength within the absocption spectrum ol
suid PplX, thereby 1o induce fluerescence in said lesions.

Anather aspect of this invention is ¢ weibhod for treating
malignant and non-malignant byperproliferative lesions of
the skin, mucosa, endometrivm angd urothelium which are
sensilive to PpIX in o paticot, compriging administering o
said parien an effective amount ol a precussor of PplX in the
hinsynihetic pathway for hewe so as W induee syothesis or
accumulalion or both of PplX or other endagencous
porphyring, their precursons ad their photoproduets in said
lesiang, and exposing said lesivos o light haviag & wave-
length wiihin the photactivating action spectiam of sadd
PP to therehy induce photactivation in said lesions.
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‘Thus, the rapidly growing cells involved can be cither
malignant or non-malignant bypeeproliferative cells, The
hypatproliferative cells cap e nomial, rapidly growing colls
ot abmormal cells in otherwise normual Lissue. The abionmal
cells in an otherwise normal tissue can include abnormal
rapidly growing cells endogenoms to the patient or abnormat,
rapidly growing cells which are exogenous to the patient.
These rapidly growing cells thar are ¢xogenous to the palien
shall, for convenience, be referred to hercby, depending on
the degree of peuneralily, ss rapidly growing exagenous cells,
rapidly growing Protista cells and rapidly growing parasite
ol ls.

Ome gspect of this invention s indugtion i Vivo or in vilro
of the biesyothesis and selective acoumulation of lunreseing
ur photosensitizing concentrations of protoporphyrin TX or
other endogenons porphyring such as caproporphyrin 1,
coproporphyrin T, woporphyrin [, woparphyrin 11, or
fiuargscent metalloporphring such as xine protoporphyrio [X
in Protista and parasites of bumans or other animals, by
exposing said Protisla and endogenous cells under appro-
priate condilioms in viva ot in vitro to an effective eomesn-
tration of F-aminolevulinie aeld or other precumsor of said
porplyyin(s) in the binsynthotic pathway for heme.

Still ancther aspact of this inveution is the detoction or
cnymeration of Proiista and pacasites of humans or ather
animals, by indocing in vive or in vitro {(ex vive) the
biogyathesis and selective accumulation of Huorescing con-
ceatrations of protoparphyein [X or other endogenous por-
phyrin in the parasiles as described previously, and then
using such fluorescencs w delect, enumerate, or atherwise
quantily said Pratista and parasites.

Yet another aspuct of this invention s the selective killing
of Pratista and parasites of humans or other animals in viva
or in vitre, by inducing the bicsyathesis and selective
accumulation of pholosensitizing conecatrativns of prolo-
porphyrin TX or olher codogenous porphyrin in the Eootista
or endogenous cells as deseribed above, and then exposing
the pholosensilized parasites to an eflective dose of lipht of
wavelengths lying within the photoactivation spectrum of
said porphyrins) or of photosensitizing photoproduels of
said porphyrin(s) that may be produced during said cxpo-
SN,

By another aspect of Lthis invention there i2 provided use
of a composilion comprising a precursor of protoperphyrin
1X in the biosynthetic pathway for heme for the manufacture
of a medivament foc treating malipoant and non-malignant
tissue abaermalities and lesions,

In preterred aspects ol this invenorion the preferred pre-
cursar ol protsporphyrin X I8 5-amino-4-oxo-pentanoic
agid, otherwise known as S-aminclevulinic weid, and a
preterred wavelengih of the photoaciivating light Is in the
range of 625 1o 670 nm, more preforably a red Light of 625
1o 640 nm.

Other objucts, (eatwres and advantapes of the present
invention will become apparent lrom the following detailed
description. 11 should be undemsiood, however, that the
detailed description and specifie examples, while indicating
preterred embodiments of the invention, are given by way af
llusteation only, since various changes and modilieations
within the spirit and scope of the invention will become
apparent 1o those skilled in the ant from this detailed deserip-
1iem.

DETAILED DESCRIPTION OF TTE DRAWING

FIG. 1 1llustrates the durativn of survival of individuoal
mice Jollowing the injection ol spleen cells infected with 2
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yerelid, Crremip (L) mice were given spleen cells that had been
exposed 10 ALA In vivo by theo kepl in the dark. The
average survival of the recipients of these cells was 15 days,
Group (2) mice were given the same number of ¢ells from
the swne cell suspension after it had Dbeen exposed o
photoactivating light. All of these wice remained in gond
health for 90 days, a1 which time the experimenl was
terminated.

DETATLED |3ESCRIPITON OT PREFERRED
EMBOBIMENT

Protoporphyrin [X (PplX), a naturally cceurring
photozcnsitizer, is the immediale procursor of heme in the
heme biosynthetic puthway. All nuclesied eells bave at least
a minimal capacily Lo synthesive PplX, since beme is
necessary for the gyoibesis of various essential heme-
comtaining ensymes, Cerfain types of cells and lissues can
symihesize relatively large guantiiies ol PpI. Under normal
conditions, the synthesis of PpIX in sweh tssues is under
such tight teed-back conirol that the ¢clls produce it al a rale
Just sufficicnt (o match their need for heme. [Towever, the
usval cate-limiting slep in the proccss, the syothesis of
F-mminolevulinic acid, can be hypassed by e provision of
cxopcnous ALA, porphobilinogen, or other precursor of
HpIX, Colain tissues and argans will then accuwulate such
a large excess of PpIX thyl they beeome both ucrescent und
photosensilive. At least in the case of the skin, the PplX
appeass to be syothesized in sitn, ALA, which s commer-
cially available [rom Sigma Chemical Company and other
sources and whivh is waler soluble, can be sdminisiered
orally, topically o1 by injection. The uvral and parenieral
ronles [ead (o the induction of clinically vselu] concentra-
lHons of PplX in certain benign and malipoant lissues
throughout the body. Only certain types of tissue synthesive
and accwnelate clinically useful amounts of PplX when
provided with an excess of ALA. By the expression “rapidly
arowinp cell” s meant kerpin any lesion, abaozmal cell or
aormal cell that cxhibits ecll growth substantially greater
ran that of the surrounding tissues and that preferentially
weowmnulates protoporplhyrin 1X from exogenous AlLA. Thus,
the cells include rapidly geowing cells thal are endogenaus
to the palient and rapidly growing ¢xogenous cells such as
Peotista and parasite cells. The term “rapidly prowing cells”
is also used here to inelude liviag, metabolically active cells
a5 vonlrasled wilth metabolically inactive {dead or dormant)
cells such as found in the malacial applications of (his
invention.

Al the present time, treatment ol basal cell, basa-
squamous and squamms cell carcinomas and other lesions
of the skin, mucosa (resphalory, digestive, and vaginal),
antdometrinm and vrotlwdive s contemplned. Sies, wlich
conld inelude lesions or cellular abnormalities, generally are
those of epithelial v endothelial origin including, but oot
Timited to those invalving {i} skiu, circulatory syslem and
cunjunctiva, (i) the lining of the wouth, pharynx,
wsophapgus, stomach, inestines and intestingl appendapes,
rectuny, aad anal canal; (iii} the lining of the oagal passapes,
nasal simuses, nasopharyox, trachea, branchi, aad broochi-
vles; (iv) the lining of the wrelers, urinary bladder, and
urethra; (v) the lining of the vagiua, ulering cervix, and
wierus; (vi) the parieral and viseceal ploura; (vii) the lining of
the perikineal and pelvie cavitics, und the surface of the
crpads conlained within thoss cavitics, (viii) the dura mater
and meninges; {ix) any tissuws or suspensions of body finids
containing abnormal cells, including hload, that can be made
accessible to photoactivatiog Lipht either in vitrn, at time of
suryery, in vivo through the skin via surface irradiation or
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via an uptical fibre inseried throegh a needle; (x) all exnerine
glands and associaled docts, including: mammary glands,
sehaceows glands, ceruminous glands, sweal glands, and
lacrimal glands; mucus-secreting plands of the digestive,
uropenital, and respiralory systeins; salivary clals; liver,
bile ducts, and pall bladder; pancreas (exocrine compuonent);
aastric and intestinal glands, prostate; Cowper™s, Bartholin's
and similar plands. U is also contemplated that cell abnor-
malitics in the ponads (testes and ovarics), thymus, splecn,
lymph nodes, bone marcow, 1ymph and Blood would also b
treated according to the mvention. Tumors of e nervous
SYRICM N7 gonnective fisstes (sarcomas) would also be
treated according to this invention,

Treatment of non-malignant lesions such as genita | wars
am psoriasis aud of endomerrial Ussoes lor indications such
its contraceplion, vaginal bleeding and sudometriosis is also
contemplated,

As used herein the lerm "skin” includes:

(A} the covering of the external surface of most ol the

body, commualy termed the skin.

(13 the coveeing of the cxternal penitalia:

labia majora, labia minora, cliloris, and
glans penis, prepucs, and associated
(C) the coverng of the zone of transition between skin
and the mucosa of the digestive sysiem:
anul verge
vermillion border of the Lips

(1) the lining of the cxternal auditory meats, and the
covering of the external surface of the tympanic mem-
I>ranc

(E) all ¢xocrine glands and associated ducts that are
Incated at least partially within an opidermal surface
deseribed above, ar within the vodetlying dermis, such
as the piloscbaccous voits of the skin,

The term “mweosa”™ includes:

(A) the [ining of the whole of 1he respiratory tract:
nasal passages and nasal sinuses
nasal pharynx and associaled struclores
latynx, vocrl cords, and associated structures
trachea, broochi, and bronchioles

(13) the lining of the whols ol 1he digestive tras

oral cavily and longue
oral phurynx and taryngeal pharynx
esophagus
stamach
small intestine
larpe intestine, caccunt, and appendix
sigmoid eolon and rectum
anal canal
(C) the lining ol the whole of the uropenital act:
" wrathra, bladder, and uretors
renal pelvis and renal calyees
vaging, ulerine cervix, ulerus, and Fallopiay
vis delerens, seminal vesicles, cjaculalory
(1) the copjunetiva and the lining of the tear
(F) all exocrine glands and associated ducts that are
located al least partially within one of lhe mucosal
surfaces desoribad above, or within the underlying
submucosa.

This invention is especially useful for the reatrment of

dikenses of Protisla and parasitic origin, as defined above,
particularly acne, malaria and other parasites or lesions
resulting from parasitcs,

The ierm “parasite’ includes parasites of humans and
uther animals, including parasitic protozoa (both intracellu-
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lar and extraccllular), parasitic worms (nematodes,
trematodes, and cestodes) and parasitic scloparasiles
{insects and miles).

The parasitic Protseoa include:

nialarial parasites of humans or olher animals

malarial parasites of humans
Plasmuditon falciparam
Flasmodivem ovale
Flasmodium malaria
Flasmedinn vivax

leishimunial parasites of humans and or other animals

leistnnanial parasites ol humans
Leishrrniu tropica
Letsinranid mafor
Letsiurdnia aethiopicd
Letshmania brasilicnsis
Leisiunanin guyvancehsis
(N ARaRT PUrumEs
Leishmania peruviana
{.eivhrtania mexicong
Lefshania Omazonensis
Leishmania pifono
leishmania gurahami
.eixhmanic domovant
Feishenanio tnfantn
feishmanio chagest

trypanusorn] parasiles ol humans aod/or other aonimals

typanosomil parasitcs of humans
Trypanoson CrIx
Irypanosoma brucel gambicnse
Trvpanasoma brueel riodesiernse

amocbic parasites ol humans and/or other animals

amochic parasites nf humans
Entamoeha histalytica
MNawglaria speoiss
Acanthamocha specics
Dientamoeba fragilic

miscellaneous prolozoan parasiles of homaos or other

animals

miscellanegous protovoan parasites of Lumaos
Toxoplusma gondii
Proumacystis carin
flabasia microf
isnspara belli
Cryplesporidinm
Cyelospora specivs
Clardia kamblia
Halontidium roli
Ilastocystis hominis
Micrnsporidia species
Barcocystis species

Some of these miscellaneous protozos cuuse sell-liniting
tlisease in normal people, but serivus problems o IV
palienls,

. bl g L i
parasitic nematodes in humans and/for other animals

parisilic nematodes in bumans
filurial nemalodes

Wuchereria bancrofte
Brugio mulayt
Rrugia timaori
Cachocerca volvalus
Lot le
Teirapeialonema perstans
Torrapetalomemy sirepocerca
Mansorella ozzandi
Dircfilaria imniitis
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TNrofilaria tenuis
Dirofilaria repeny

intestinal nemsiodes
Ascaris onhricoidas (rouncdwarm)
Necator anericanus (hookworn)
Ancylestoma duodenale (hookworn)
Strongyloides stercoralis (Threadworm)
Erderobiuy vermicitluris (pinworm)
Triciuris trichinra (whipworm)
Irichostrongy¥lus specics
Capilfaria philippinensis

tigsue nomatodes
Trivhinglla spirelis
Anasakis species
Pseudoterranova species
Dracunculuy medinenss

parasitic remalodes in humans and/or other animals

parasilic rematodes in bumans
SeRISIOSE MRoRE
Sehistosama hagmuatohium
Sehistosoma Juponicum
Clonorehis singnsis
Paragonimus species
Opisthorehis specics
Fasciels hepatica
Metagonimeys yokogawl
Heterophyes heterophyes
Fasciolopis buski

parasitic cestudes in hwoans and/or other animals

parasitic cestodes in humans
Tueriu yuginali
Tuerde soltum
[lymenolepis spocics
Diphyllobothriamn specics
Spieomelrd specics
Echinococous species

The methnd of this inveotion compeises the administa-
tion ol ALA, other precwrsors of PplX and ather cndogenous
porphyring, 1o the paticnd, The admioisteation can also be in
vitro as applied to tissnes of the patfent, i.e., ex viva, In ex
vivo methods, Hesue containing the rapidly growing cells are
removed [rom the patient, an effective mnownt of ATA or
endogenous porphyrin s added thereto, theo the proparation
i subjecied lo photoactivaling lipht, belore being readmin-
istered to the patient. The amoonts of ALA coustituting an
eifective dose can be delenmined by one skilled in e art by
analogy with the doses used for syothstic porphyring, hased
nnmilligrams per kilogram body weight for in vivo systemic
application and the 1ypical concentrations [or lopical or ex
vivo applicatinns. The compound can be conveniently used
nrally orintravenomsly at a dosage of aboot 10w 100 img/le
per single dose, prelercdly ws a dosape of A0-50 mg/da;
however split dosages of L0 mg/kp four times per day may
also be given. The compound can be used lopically al a dose
of betwasn 29 10 100%., with 100% beinyg dry pewder. s
vivo concentrations of the compownd are used on cell
suspensions in a range ol 1-5 mM, with o preferced range of
1-2 mM; however, i serum is preseol, a bigher dose of
aboeut 15 mM should be used. IF ox viva use on whole I\lood,
the compound is wsed al aboul 15 mb; bhowewer, if an iron
kelator, such as Desleral™ or des lerroxamiue, a lower
concentration may he ussd.

Thus, one applicatien for the method ol this mvention is
the detsction and quantitation ol parasites by ALA-ndueed
Nuorescenve. The furepoing includes Huoresccoce fiow
cytometry of suspensinns af cells or parasiles ex vivo,
flunrescence microsrenpy of cells, including but ot oiied
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to lissues, ady fluids, fecal material in vivo or ex vive, and
quantative speciropholofluorimetry of cells, including but
ot limited to tssues, body Muids, urine, or fecal material in
vive or ex vivo.

Another application for the method of this livention is the
killing of parasiles prelerentially photosensitized by expo-
sure o ATA or an endogenous poephyein cither in vivn ot ex
vive, The conjuncliva, whicl can be treated clither topieally
or systemically with ALA, followed by, after an appropriale
period ol lime, exposure of the skin or eonjuctiva ta pha-
toaclivating lighl. The parasites can also bo present in the
peripheral bloud, in which ¢ase the AlA can he administerad
systendcally, follewed by, after an appropriate time, which
can he casily exporimentally dewermined, expuosing the
defined arca of the skin or the hlood passing through a lange
vein 10 pholoactivaling light via an optical puide within a
transparent catheter that has been Dnserted into the vein,
Parasites located within one cm. ol the surface of hollow
argans 1hat are accessible o liberscopic eXamination
(respiratory fract, digestive tract, urogenital tract, abdominal
cavity, pelvic cavily, thoracic cavily) can be diagnossd ar
treated by syslemic administration of the ALA, followed by,
aller the apprapriate period of time, exposure of the surface
of the 1arge! tissue via an appropriale Tight guide. Marasites
Incated at sites that are nol readily accessible (o [berscopic
examinalion can be trcaled with the photaactivating light via
a light guide that bas been surgically intraduced into the
target arca through a needle or following surgery.

Additional applications of the method of this invention
arc 1o detect very low levels of metabolically active malarial
parasites in peripheral blood or marrow cell suspensions,
Huch detection ¢an he used 10 sereen banked blood or as a
rereening procodure for patients suspected 1o have viable
malarial parasites. The sereening method using AlLA would
ho acenmplished by flow cytometry.

Still anather application for the method of this invention
would be 1o distinpuish betweon metlsbolically aclive
(“viahle™) and inactive (“non-viable™) malarial parasitcs
ovalaare the response 10 therapy in palisols infected with
drug-resistant malariz o quiclkly than is pow possible.
Present methods for guantitatiog the level of parasitemia do
not distinguish botween wiable and non-viable parasites.
Thus, parasites that have heen kitled as a resull of reeent
therapy may not be distippuishable from viable parasiles. If
the parasites are in fact tesistant 1o the specific drug(s) that
wre boing used for therapy, resistance to these drugs (as
shown by failure o reduce the level of parasiternia) may oot
became obvious for same time afier the initalion of therapy.

In some cascs it might be life-saving o recognize more
yuickly that a particular drog is not effective. Hince AlA
induces Luorcsecnce oaly in plasmadia that are metaboli-
cally active, it is possible to dislinguish between “vialle”
and morphalagically similar “oon-viable” malarial parasites
i the peripheral blood, [hugs that fail to produce 4 decrease
in the proporticen of the coythrocytes that accumulaw PpIX
tlnorescence when exposed o ATLA in vitro could e idens
tificd guickly and replaced by other drugs that possibly
might be more cffcetive. The technology would not neces-
sanly require flaw cylomenry, since relalively simple and
much less expensive finommeters could be used il the level
of parasitemia is sufficiently high.

Iu cuses of pantially dig-resistant malaria in which there
is & slow rosponse 10 the drugs, iL may be dillicult to know
whon it {5 safe to discontinue therapy. Since ALA-indoced
PpIX flunrescence can detect viable plasmwadia at vecy Tow
levels of parasitomia, the technique might be used w verily
that the paragitemia bas been recuced 1o undetectalile levels
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hefare maiotenanee therapy is disenntinned. However, flow
eviomelry would be required for such low-level measure-
ments.

The foregoing could alsn he used 10 sereen in vitro for
seusilivily/resislance of the plasmodia [tom a piven palient
lo selected anti-malarial drugs, since ATLA induces (Tuores-
conege only in plasmodia that are metabolically active,

Yot another application of this invention is the selectivel]
photosensitization and killing of malarial parasites o vivo or
in vitro by exposing them to photoactivating light. The light
would be transmitled w he malaria parasites in the circo-
Iating DLlood wsither through the skin, via an indwelliog
intravenous or intra-arterial catheter or by extracorporcal
photodyoamic therapy of blood, especially for paticnts whao
have failed to reapond to other theripics, paticularly {hose
who might be considered candidates for a therapeutic
cxchange transfusion.

This invention is also particularly applicable to the treat-
ment of Fingal infectinns. Fungal infectinng are heenming of
increasing importance in the past ten decades due 1o the
increasing numher of immunncompromised patients, both
by chemmbherapy and diseases such as ATDS. Tmmunosup-
pression results inoan increased incidence ol Tungal infec-
tions. Fungal infections can be divided inlo three calegories:
cutaneous, suboulanenus, and sysiemic. Cutansous infec-
tions are by far the most prevalent. Fuopgal infections pre-
dispose their hosts 1o bacterial superinfections.

The method of the instant invention s carcicd out in the
samne mauner as lhal (or syothetic porphynios previooasly
repocted, More specifically, the method of this ovention is
wsed 0 deteet or treat rapidly prowing cells eXagenous to the
Lody, wciuding Protista cells and parasites.

The waveleaptly of the photoactivating light is of some
importance, as i has been shown that between 1 oand 10

percent of ineident red light (600700 nm) can pass theough

a slab ol human tssue 1 cm thick, whereas only 0.001
pervent or less of blue Liphl (aboul 200 nro) can pass throvgls
the same thigkness of human tissye. The photoscositizer
will, therefiore, be mone successtful if it ahsorhs red light.
PpIX does strongly absarb red light. The present approach
has several advaolages over the prior arl. Fimst endogenous
PpIX has a much shorter half-life in oormal tissues (huwan
and mouse, at least) than does TTpIX, HpD or Photelrin T
This greatly reduoes the danger ol accidental phototoxic skin
reactions i the days following treatinent. Sueond, the ALA
van be applied wpically to cerain types ol lesions. This
improves the specificity of the treatinent, reduces the danger
ol acoidental phoioloxic reactions e a very low level, and
preatly reduces the amaunt of both ATA and PpIX wy which

the entire hody would be exposed il an equally effective duse s

of ALA were 1o be piven sysiemically.

KEnth ALA and PpIX are normal peoduets of metabolism,
and are handled quite readily by the hinchemical machinery
uf the body. However, since very large doses of ATA (like
lurpe doses ol TIpIX or HpD) are associaled with o transieut
decrease m motor nerve conduction velocity, it is desirable
lu reduce the dose of ALA to (he winiwum that is sl
effective. Topical application requires much less ALA than
systemic administration. Thicd, PpIX is capidly inactivated
by the pholoaclivaling light. Fellowing exposure of tissues
containing PpTX Lo a therapentic dose of photoactivating
light, there is 8 subslantial decrease (o pholosensitization of
e tissues withio the ticatment volume, Consequently, if
PplX is induced by the topical application of ALA ta spocific
lesions, the patieot can be exposad o sunlight immediately
posi-ireatment without danger of serious  phototoxicity.
Also, the dosimelry of the photoactivating light s preat
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simplificd, Fourth, ALA s an effactive inducer of PplX
when given by mouth, by topical applicaticn, or by injection.
In conirast, HptX, Hpl and Photolrin TT are eleclive o most
situations only when given by injection. The versatility of
AlA snhances 15 acceplability for routine use by the
medical profession, since the oral and lepical roules of
administration are much more convenicnt than the
parenteral. Filth, the nomial and abnormal tissues that ¢an
[ photoscnsitized by the adninistration of ALA are some-
what diftcrent from those that can be photasensitizod by rhe
administration of TTpIX, TTpD or Photefrio L Consequently,
AlAwould e usctul in elinieal situations in which the nther
photoscnsilizers are not,

Thus the prescnt rechnigque is not menely anolther way o
do what can be done already but is, in fact, a significant
advanoce in therapeutic capability.

Without further elaboration, it is believed thal one skilled
in the ast can, using the preceding description, ulilize the
present invention 1o its fullest extent. In carrying out the
method af this invention, the quantities of matenals utilized
are nol i themselves critical and can be varied withia the
senpe and spril nf the invention. The following examples
are merely illustralive of preferred embodiments and aot
intended to he Bmitative of the remainder of the disclosuree
in any way whatsoever.

CXAMPLE 1
Tong Term Pholodynamic Endometrial Ablation

Wals were divided inlo 2 groups (6 and 7 rals/fgroup) and
iheir utering horns were injecled with 4 or 8 mp ALA
Example 1, of U4, application Ser. Mo, 08/082,113, liled
Jun. 23, 1993 (US. Pal. No. 5,422083), was repealed with
ihe exoepiion that all rals were exposed o lipht and the time
from AlLA adminisiration (o bresding was exlended from
10-20 days to 060-70 cays. All other procedures werg
identical 10 Example 1.

Breeding 60-70 days atter photodynamic treaiment wilh
4 mg AlLA resuticd in no impluntations in the wleriog horns
treated with ALA (n=6) whereas [eluses were found in all
control utering horns treated with saling (n=6), 'These results
cunlirmed the long lenn endomerrial ablative effcet of PDYL
In the groups of rals (n=7) treated with 8 mpg ALA 2 of 7
becarne pregnant in ALA freated uwrine horas compared
wilth 7 of 7 pregnancies in the saling treated horos.

Histologzy

In order 10 ghow aormal vterine histology of & nonpreg-
nant wtering oen contralateral to & pregnant vierine hom one
utering horn was ligated at its distal end prior o breeding. Al
gestalion of 10-15 davs nonpregnunl ulerine horns wer
harvested and histolopically processed, 'The nterine mueonsa
wis lined with columaar cpithelivm and there was hyper-
trophic infolding of sndometrial tissue with loriuous glands.
In contrast, priot photodynamic tremiment with ATA con-
sistenily resulied in an atrophie endomelrium despile the
hormonsl stimulus ol the contralateral pregnancy.

LXAMPIL 2

The procedures of Example 1 (U5, Pat. No. 5422,093)
were repeated with 1, 2, 3, 4 a0d 5 hour inqubation periods
vaing & loval of 1 mM of AlLA. No significant luorescence
was nhserved in the myometrial samples or in the eodome-
triat samples incubated for 2 hours. Maximum fleoresceoce
wits observed i the endemetris]l samples ineubated for 4
hours,
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EXAMPLE 3

Endometrial Fluoreseenes in vive Pallowing
Topicul Application af ALA in the Non-Human
Primale

50 mg ol ALA was injecied into the werine lumen of an
adull, healthy, ([emale rhesus monkey [ollowing exposure of
the ulerus al laparolomy. A hystereclomy was performed 3
hours fater and cross sectional slices ncorporating codoimw-
trial and myomcteial tissus were taken from the aterine
specimen. These slices were subjected to examination hy
fluorescence microscapy as in Example 2 and 3 above,
Fluorescence was observed throughout the endometrivm of
all slices. Na fluorescence was ohaerved in the myomctriun,

The above examples clearly illustrae that endometrial
ablation in u range al animal species, including humans, by
photodynamic therapy using AT.A can be achieved with litle
ur no damage Lo the underlying myometrial Lissoes.

EXAMPLL 4
Betection or Treatment of Yeast and TFungi

A, Tn Vitro Studjes

Clinical isolates of Cardide albicany, Cundida glubrata,
and Cryprococeay neoformany and environmenial isplates of
Penicillium species, Aspergilluy miger, Aspergillus
Sundpaies, and Allernaria species and Saccharomyess cerivi-
afwe (brewer’s yeasl)y oblained from the clinical microbiol-
ugy laborawries of Kingston General Hospital, Kingsion,
Otario, Canada were used, The organisms were plated, and
during rapid growlh were treated with various coneentra-
tions of ALAvarying from 1 mM 1o L0 mM by floading or
by using diffusion wells in the apar, while the solates of
Penicillivm and Aspergillus were treated with 40% or BO%,
solutions of ATA in waler and the Penieillium specics,
Allernaria species, Aspergilles niger and Aspergillics fioni-
gatus were treated with 20% ALA in water via diffusion
wells. Trealmenl of the variouns fungi resulted in Quores-
cenee emnission peaks that showed the characteristios of
PplX. Positive PpIX accumulation occurred in both molds
and yeasis.

T In Vivo Studhies

The procedure of Giper el al, Infection and Immunity 19
(2) 199-509 {February 1978) was vacd with the following
modiliesions, A clinienl specimen of 0 wlbicans was
replated in blood agar so it was actively growing and left at
rovin lermperalure for 72 hours. The sample was suspended
in TSD to McFarlapd 0.5 wrbidity aflter which a 1.0 ml
sumple was inoculated into an aerobic cultiee bottle and Lokt
shuking tor 24 hours on a 37° C. rolor shaker, A 10 wl
sample wis withdrawn and ceninfoged ot 70,000 rpm Tor 10
minutes 1o separate the cells Tom the nusdia, The supernale
was discarded apd the pellct resuspended in 10 ml of THH.
Serial dilusions (1077 1o 107 were mudke in and wplicated
twive vn agar aod lell Lo incubate Tor iwe days at 37° €. The
MeFarlind 1O sample was centriluped and the pelict rosis -
peicded in 10 ml bofler [or mnjeetion,

Oin day 7ern an intradermal injection of the C. albicans
suspension {about 7x10% urganisms/ml saline) was mace
it the right Maok of 5 adult hairless wice, The anounl was
just enough o make a small vesicle under the skin, Lesions
form by day 2. Lator, soune mice were given a sccond
injection on the opposite side.

Three hours prior 1o their sacrifice, the mice were given
240 mpdeg AT A (10 mg/ml} by intraperiloneal injeclion,
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wilh the exceplion of mouse #3 which was used as a conatrol.
Fluorescence emission spectra on the live mice were taken
every 15 minules (mouse #1 readings every 200 minutes) for
3 hours alter injection on each lesion, and al various coatrod
arcas of the mice—ueck skin ap and lateral side opposite
the fesion on mouse 3. Three hours after the injection of
ALA the mice were sacrificed and the lesions wore exeised.
The lesions in mice 1, 2, 3, and 4 were frogen in
Z-methylbutane cooled to the temperature of liquid nitrogen.
The frozen loslons were seationed and slides were prepared
for spectral analysis or fluprescence microscopy, H and E
stuiming for histology, and Grocotl silver stains For Tunpi
idantification.

Primary and secomdary lesions showed increased PplX
accumulation relative o Lhe conlrol mice.

EXAMPLE 5
{L) Belective Induction of the Syothesis and Accumulation
of Protoporphyrin IX and/or Other Endopenous Porplyrins
Within Parasites in vivo or o vitro.
In vive If the parasitcs in question involve the skin,
conjunctiva, orat mucnsy, nasal mueosy, anal mucosa, or
urothalium, Al.A muy be applied direatly 1o the surface of
the alfectoed tissue. If the parasites sre focaled al siles that are
not suitable tor topical application, an effective amounat of
AT A 15 wdministered systemically, cither by mouth, by
subculangous injection, or by intravenous injection.
[n vitro—The materia] suspected ol conlaining parasites is
incuhaled under appropriate conditions in the presence of an
eflective concentration (generally around 5 mM) of ALA.

LXAMPILE 6

o vivo Studics

The injoction of an effective dose of F-aminolevulinic
acid {(ALLAY into mice infoctod with A yoefi eads to the
accumulation of [Moorescing and photosensilizing concen-
tralivns ol protoporphyrin within metabolically solive para-
siles. There s oo such accurmulation ol proloperphyrin
within non-viable parasiles, or within normal erythrocytes or
leukocyles. In parasitized erythocytes, the protopeiphyrin
accomitlution is localized to the parasite (tself,
Metalolically active (viable) malarial parasites can be

distinguished readily from parasites that are inactive (dead),
stnoe only parasiles thatl are metabolically active can syn-
thesize protoporphyrin. In addition, metabolically active
(viabled malarial patasiles can be killed seloctively Dy
cxposing infected Blood or coll suspensions to photoactivar-
ing wavclenpths of light, This procedurc causes no signifi-
cant damage 1o the secompanying normal erylhrocyles and
leukovyles, since they do not accumulate enoogh pratopuor-
pliyrin o become photosensitized.

EXAMPLE 7

Demonstration, Quanmificanon, and Analysis ol ATA-
Inchuged Flinreseenes Within Erythrneyies Parasitized by B
yoalii

Mormal wuce were given intraperitoneal injecHons of
Bload or spleen cells olMalned from mice jofected with M
yrelif. When the malatia was well ertablished, some of the
infacted mice woere given 8 single intraperitoneal injection of
250 mg ol ATA per kg of body weight. Coutrolz included
ifecicd mice that werg oot given ALA, and noi-infectad
mica that were given/mot given Al A

At varions intervgls thareafrer, suspensions of blood and/

i ar splecn cells were examined by the following fechnigues.

Fluorescence Microscopy: Red uorescence developed
within purasitized erythrocyies ol mice given ALA, but not
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within any of the controls. This Hunrcscence was localized
1o the plasmodia.

Fluorescence Flow Cylometry: Latge uwinbers af eryth-
rocvies in suspensions of cells from the peripheral Blood and
spleen ol heavily purasitized mice given Al A developed red
fluorescence. Cells {rom the control mice were uniformly
negative. ‘Uhis technigue permilled the rapid detection and
cnumeration of erythrocyles that contained metabolically-
active parasiles, and produced relative values for the inten-
sty of AT.A-induoced flugrescence in such crythrocytes.

Spectraphotoflunrometry: Rlood and spleen vells from
heavily parasilized mice given ALA wore washed and pel-
Ieted by eentrifugation. Proloporphyrin was the only flun-
rophare that was identified by spectrophoto-flucrometry. As
cxpected, coll pellets fram the conwrol animals confained
only traces of prolnporphyring
Iemeonstration and Quantitation of AT A-Tnduced Photoscn-
sitization of the Intra-Erythrocylic Stage of 72 paedin.

Normal mice were given traperitongal injections of
blood or spleen cells oblained from mice infeeted with B
yoelis, When the malaria was well established, saome of the
infected mice were given a single intraperitoneal injection ol
250 mg of ALLA per kg of body weighl. Controls included
infected mice that were not given ALA, and nen-infouted
mice that were given/not given ALA.

Atvarious intervals thereafler, suspensions al blood and/
wr spleen cells wore exposcd 1o graded doses of pholoacti-
vating light. Light-indueed loss of viahility of the I? yoelii
was demuonostrated by (@) Toss of infeativity, or (b} loss of
ability to accumulate the flunrescem cleavape product of
caleein-AM.

(A) Infoctivity Assay: Mice infected with P yeelll were
given & standard dose of AT.A by intraperitoncal injection,
Peripheral hlood and/or spleen cells were colleeted atter a

standard interval, expuscd 1o standacd doses of phateacti- - 3

vating light {including a no-light control) and then injected
into nommal mice. I the conteol {oo-light) nvee develnped
malaria a0d dicd while the mice given cells that had been
expused Lo a given dose of lipht remained free of malaria and
lived indelinitely, this was considered tn be evidence 1hat the
light treated cell suspensions did uel contain eneugh viahle
plasmadia L cause an infection.

For example, a Bally/c mouse with advanced malaria (P
vl was given un Inhaperitoneal jection of 250 mg, of
ALAper kg of body weight. Four hours later, is spleen cells
were suspended in isatenic saline. Hall of the spleen oell
suspension was placed on dce and ekxposcd to photoacti-
vating light (wavehand 600-700 nm, intessity 100 o0W/en?,
ttal dose 540 Tiem™), while the other half was kept on ice

in the dark. Balb/c mice wore injoeted intraperitoneally with

either the lipht trealed o untecated sample, Suevival of the
mice was followed for 90 days, FiGi. 1 illusirates the
duralion of survival ol individual wice followinp, the injee-
tion of spleen cells infecled with # yoefil

(R) Phowsensilization studies (Ex viva shdics, direct
photoradiation): A grovp af 4 hairless Temale mice were
used. Two mice were infucted with £ yoefil and 2 other mice
weae nog-infected, Mice [ofected with malario were usoally
in the #th day following inoculation with plasimodia. Mice
wirs divided in twao groups: one group was leeated with
AlLA, the control group was oot teated with ALA.

Both groups were then kept in the dark tor a period of 3
hours. Mice were then sacrificed (nverdoses of chloroforni)
anel inlecied blood cells wers abtained from homogenized
spleen. Spleens were homogeniaed in 3 oc of isotapic saline
solution. From this homogenization | ce was lnken and
diluted in 24 co ol botonie saline solution, then from this

h]

0

al

40

55

Gl

15

16

dilutiom 1 ce was taken and placed in test ubes (a 1olal of §
hes). Four lubes wore kept in dark and four (ubes were
phototrradisted.

The snurce of light was o lunpsten lamp with a filter for
recd light (600-700 nnid. The beamn was 10 cm in dismeter
and the Muence abaut 70 mW/aem® The samples were placed
in iee on a tentable (33 rpm) o assore a uniform distribution
af the light in the tanzel cslls.

T delermine the viability of the plasmodium after heing
irradinted, the contents of each tube wers inoculated inin
haiefeas mice, and then the mice were Tollowed for survival,

Control groups for light aloue lut not AlLA, and ALA bt

et fight, were also used to make sue that photsensitization
was due (0 ALA plus light.
() Spectrnphotofluarimeiric studies: A group of 8 halrless
| female mice were used. Four mice were in the #th day pos)
inceulation with Flasmodivm yoelii with 35% parasitemia
and 4 normal mice were normal {oou-infeeted), The miee
were divided nto 4 groups of two mice in each.

i) 2 infected mice were piven an 11 injection of 250 mg/ky
of ALA n PIS,

i 2 mormal (non-infected) mice were also injected H?
with 2500 mg/kg of AT.A in PR

ifi) 2 refecence enntrols were included: 2 infected mice
with malaria and 2 non-infected mice, none received ALA,
All A groups were kepl al normal oom temnperatiee, o the
darlz, for 4 henrs and then sacrificed. Mice were anesthictized
with ehloroform and them hlomd was collected by cardiac
punclure (heparinized syringe with 20 G 1" needle).
Approximately 1.9 ee blood was collecied and transferred t
4 5 ce test tube, kept an ice and in the dark. Test tubes wers
then centrituged for 10 minmes. Using a spectiophototiuo.
rometer sel for excilation al 410 um and flnorescence
emissinn at 6335 nm., Muorescence McAsUremcnts wors raken
of the supsmant and the pellet,

Hemalysis with 1% saponin was ¢arricd out in samples alter
the first luorescence mcagieements, and the free Plasmodia
are centrifuped to form a patlet. Then fluorescence measnre-
menls were lalien from the pellet and the supernzot. Proto-
porphyrin uoscence was dotected only in Plasmodial
pellet derived rom infected mice given ALA.

(1) Flow eylnmeter studics (Pharmacokinelic sludies): A
sroup vl 4 hailess female mice wers used. Two mice were
infected with P yoelii and 2 other mice were ool infected,
Mice infeeted with malaria were usually o the Sth day post
inoculation with the infected plasmodia. ALA was alven
directly 10 the mice (250 wmg/kp intraperitoneal), then 2
drops of whale blood were willidrawn at regukar intervals of
time (rom the ail of cach mense and placed in 5 oo ow
cylomeler sl ubes containing 0.5 e of RPMI 1640 and
then analyzed by the low cytometer to fallow acourmulation
ul PpIX. Only infected mice given AT A developed fluores-
cence in their erythrocyles.

Tor the in vitro studics, oo AlA was given Lo the dooor
mice. Twa drops of whole blood were withdrawn from the
tail of cach mouse and placed in g 35 mm petrd dish
comtaining 3 oo of RPMI 1640 withoul phenol red.

1) a petel dish coptained infecied whole blond with 5 oM
AlLA N RIPMIL

iy & secone peiri dish contained nfected whole bload plus
KRPMT bul not ATA.

iii} a third petri dish coutained normal whole lood cells
with & mM ALA (0 RIPMI.

) a fourtl petii dish coatained normal whole blood cells
with RPMT bul nut ALA.

All peti disles wers inenbated a1 37 Celsius amd room air
envirommenl, Sunples (0.5 oo) were taken al regular iuter-
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vals froma these incubated petei dishes o be analyzed i the
How evtometer to follow accumlation of PplX. Only eells
trom infected mice developod PplX Aunrcscence when
incubated with Al.A.
Application of ALA-Toduced PpIlX PDT w the Treatioeut uf
Malaria.

Malaria is caused by infection of the host with vmcellular
parasites koown as plasmodia, At ooc stage o their life
cycle, the plasmodia infeet and develop within erythrocytes
of the peripheral blood, spleen, and/or marrow. They may
infect the liver and cenain other organs also.

OF the numerous species of plasmodia thal have beca
identified, only a few can infect humans. Plasmodia that
cause malaria in mice but not humans provide a sale 2od
convenient model for laboratory studies of malaria.

Thess examples involve the muring malanal pagasitcs
Plasmnditen yookii (lethal strain) and Plasmodium chahaudi
{non-lethal strain) as madels for human malaria.

1n vivo Photoscnsitization

When mice infected with the murine malarial parasiles 7t
yoefii or B chabaudi were given an adequates dose of
J-Aminnlevulinie Acid (AT A) by inlraperiioneal injection,

whal appearedd spectroscopically 1o be pratoporphyrin
(I'pEX) accumulated (nmany of 1he plasmadia within
urythroeytes of the periphera] bland, splesn, and mar-
row, However, significant coneentrations ol Ppl did
noL accumulate within the non-infected ecythrocytes or
within the greal majorily of the leukocyles in the
infecled mice.

u fluorescent material that may bave been s complex of
protoporphyrin with u light meal (perhaps cioc
proloporphyan) somelimes accumulated in associalion
with the PplX.

fallowing cxposure to an adequale dose ol Hght of wave-
lenpgths within the photoactivation spectrum of P'plX,
the plasmodia that had been exposed to ALA lost their
normal ability to aceumulate caleein when exposed to
calecin-AM, and alse lost their ability to cause malara
when imjected into recipicnt mice. However, the aon-
infected erythrocyics and the leukacyics in the same
cell suspensions showed no morphalogiesl evidence of
damape following exposurc to the pholoactivating
Hght.

In vitro Photosensitization

When peripheral blond, spleen, or bone marrow cells
from mice infected with the murine malarial parasites £
yoelii or I chabaudi were incubated under suilable condi-
Llions in the presence of an effective concentration of ALA,
whal appeared spectroscopically 10 be proloporphyrin
(PpIX) accumulated within many of the plasmodia in ecyth-
recyles uf the peripheral bleod, splecn, er marrow, Hlowever,
significant concentrations of 'plX did not accumulate within
the non-infected crythrocytes of within 1he great majority nf
the leukocytes in the infected mice,

‘The exposure of metaholically active P yeelii or I
chabaudi 10 an effective concentration of ALA under suit-
able conditions in vivo or in vitro leads Lo the prelerental
dcenmulation of Muorescing and pholosensilizing concen-
trations of PpIX in thuse plasmoedia, bul oot in non-infected
erythrocyles or in the preat mgority of the lewlooytes in
peripheral blood, splecn, or bone maraw ¢oll suspensiens,

Plasmodis-specific ALA-induced Quorescence can be
used o detect and quantitate metabolically active malarial

5

1]

15

)

a5

40

45

a0

)

(1]

18
parasites in suspensions of cells fram peripheral blood,
splecn, or marrow,

Plusmuodis-specilic ALA-induecd plntoscositization can
L sl o dustooy walocdad parasites selectjvely, by exposing,
them in vitro or inoviva 1o an adeguate dose of photoacti-
wvating light.

EXAMPLE 8
Acne

Acne is an inflammatory Tollicular papular and postula
eruption involving the skia, The freatment of acne using, the
mathnd of the instant nvention would be considered 1o e
the treatment of ¢ither {a) endngennus lesions of the seba-
cenus apparatus of the skin doe w intralollicalar by perkera-
sis or (k) exogenous bacteria cells present o 1he acnd
lesions, particulacly Propiouibactcring (Corynebacieringm)
A

Cvaluation of PpIX hduced Muoreseence in 8 subjogts
with mild w moderate truncal acne wis porformed, Baclerial
infvetions aw Loguently sssociated wilh lesions of acne,
e, P oo, Following vwaluation of baseline aene lesion
Huurescenee, ALA solution 10 and 2046 was applicd 1o 105
rn® siles on he chest or back of voluntecrs and evaluated al
limes 0, 3, & and 24 hours allen ALA application, One site
ol euch concentralion was also uecluded with opague film
lor 3 hours and evalugted at similar e poims [ur com-
parisun wilh wooccluded sites, Fluoreseenes of both aenei-
form lesions as well as surrouoding oormal skin was
wwsessed visvally usiog o 4 point grading system (Omnane,
dmpxipemily severns) and documented pholographically.

Tu all subjects, unoccluded siles had a gradual increase in
I'plX Huorcscence that was dose dependent, maximum ul §
Lours, speeific for acne lesions and spared normal surround-
inp skin, These sites had weak or no {luorescenes by 24
hours. Little differcnee in fluoresconce intensity was noted
by lesion lype (corncdones ve papules vs pustules) in the
sarne subject, bowever, time to maximal fluorescence and
maximal Auorescence intensity was variable from subject 1n
subject. Lesions with surreunding erythema (targer prpules
and pusiules) developed Hnoreseenee extending to the elini-
cul limit of crythema, Vehicle control sites remained al
bascline, In contrast, ocgluded siles developed PpIX Quo-
reseencs in both acne lesions snd normal surrounding skio
that persisted longer than unoccluded sites und remained
present al 24 hours.

EXAMBLL 0

Cutancous Fungal Infegtions

Historically, lungal fnlections lave oot attracted as mueh
allentivn as bacterial intections. This foeus of research has
been due o a nuwber of factors, most antably, the high
incidency, the Jegiee, and the offsar of hacterial infections in
huvmans, However, this trend has changed in the past coupls
af deeades, With the increasing nmimber ol immunocompro-
mised paticnts, both by istrmgenic (chemotherapy) aud dis-
cuse (ALDS) causcs, the incidence of fungal inlections hs
increased. This has coincided with an focrease mthe moes
hidity and mortality rales due to fungal inleclivos in the last
doaade,

Fungal infections can be divided into three eategaries:
culaneous, subculaneous aud systemic. While the systemic
infections (blaslomycosis, caudidiasis, cte) have mare seri-
aus seguelac, the cutaneaus infections are much more preva-
lent, Borween L1971 and 1974, fungal infeclions had a
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reparted rate of oo persons in the ULS, with the noo-
invasive cutaneous infections responsible for 90¢% of the
cases. {This is the pumber of reported cases. Recamse of the
non-life threatening scauelae of entanens infoctions, the
actual incident rate s likely much higher) They were also
ciled as the mast common skin inlection.

Cutancous infections can be further divided into thve
sub-eategorios: superficial, dermatophytoses and dermato-
myecoses, Superficial infections do uot peneteste the outer
layer of the skin and do pot involve aither the bair or nails.
Tinca nipra, black piedra and white podea are cxamples of
superficial funpal fections. Dermatophytoses are infoe-
tious of the skin, bair, aud nails, aud include all layers of the
stratum coruewin, These inlections are caused by
duecoatophytes, fungl which rarely canse disscminated nfos-
tions. These organlsms celease keratinases, which Likcly
explains Lhetr localization within the keratinized tissues.
These lungl cause litlle mortality, ul are o major cawse ol
morbidity worldwide, and 1o Nostlh Americs o wajor expeu-
diture of tine amd money. These inlections predispose their
bty lo bacterial superinfections. Decmalomyouses are cula-
neous nfections caused by noo-dermatophytes and have a
prealer chanve of invasion and dissemioation (@i, superli-
cial candidiasis, myceloma, sporotrichosis), cepecially in an
immunocompromised hosl. However, as staled belore, the
grealer majority ol [oupal infectivos are caused by the
noo-invasive dermatophytes.

Dermalopliy les

Dermatophytes include Trichaphyton spp., Microspomum
spp. and Epidermophylon spp. genera. Boologically, these
fungi are anthrophilic (human w heman ransmission), woo-
philic (arimal (o buman traosmission) and geophilic (soil to
biuman ransmission, possibly via an aniual intermediary).
Typically the anthrophilic funpi cause litfle intammation
{increasing Lhe likelihood of chronic infection) and the
zoophilic fungi cause a fumneular reactinn.

Dermatophytoses are named “tinea™ followed by the body
location (&4, tinea capilis is an infection of the head), Table
1 lists the dermalophyloses and their causuiive denmatopliyle
as found in a survey of deomatalogical visits by U8, Army
personncl. ‘Ihis data has been supponed by data eollected
from surveys of swdents, inmates, and other anned loroes
personnel in the US. The most coinmon dennatopliyvle
wotldwide is 1 subrum (sucvey of major dermatolopic
COIECS),

TABLL 1

Tncidence ol Dermatophvioscy
nnd the Cnnsative Darmntophytes

Inci

I‘.lm‘mnmphyms:s dange Most comimnn I]ermn:nphytes finl.to K)

tinea prdis da% T mentegrophytes, T. rubenm

e ieipninm 16¢% 11 rheam, T menegroplietes, Ko foconsen
finew oruriy 15% T rubiren, T mendugrophyies, E. foceosie:
Hnea corpey 13% T Rubrum

ez harban 4% T mentagrophvies, T verricasum

e Copidiy Ak I fersareres, M. cunds

Clinieal Presentation

Ihese infoctions are ot life threarening but they ocan
comse o significant amowot of disenmfort. Typleally they
cause scaling, fissuring, peeling, tching, burning erythema,
and o some circumslaonces, maceration, Tined copiiis usu-
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ally causcs reversible Daic loss, T mertagrophiyies and L
verrgersun can produce a violent inflammatory reaction, As
well, these infeciions are not prelty and can have seriows
aesthetic conscquences. “The omtenme ol these infections s
cither a spontancous eure, a cure by medicaiion, a treatable
chronic condition, or 4 persistent infection despite medica-
Lion. Both the pressntation and outcome 15 o lunctiou of the
dermalophyte virulence and the host's delense capabilities.
Immunocompromizscd individuals Livariably fare worse than
their immunvoompelenl counlerpards.

Treatment

Drmataphytoses con be treated topically or arally. The
advantage of realing topically is thal more appressive
(toeic) tharapy can be employed, whereas orally, less toxic
drugs wre reguired, However, topical drugs can cause
itehing, burniog, redness, and scositization of the infocted
area. Oral therapy bas the advantape of paioing access w
Lissue sites normally woatlainable (o topical therapy (Le. the
nail becs). ) gain access 1o the site of action, balh roules
must overcome the body's natural defenses to fareign mol-
covles since nonc of the drugs vsed are endogenous mol-
coules, The imidazoles and triazoles are vsed topically and
ketoconazole and ariscofulvin orally. Towever, ketocona-
zole has o lampe oumber of side cffects, especially if used [or
& long period of time, and 17 subrim and T tonsurans have
shown resistance 1o therapy, Both oral regitaens rogquirs
carcful monitoring and some patients may not be treated
becavse of comtraindications,

Antifungal therapy depends on the thickosss of the site
infected, Tines cruris and coTpis require s shorler reatment
time than tinca magum and tinea pedis because the skin is
thinner in the groin and on the body as compared o the
hunds and feet. Infections localized Lo the bair follicle roots
raguire 4 Lo 6 weeks of realment (roote3—4 mm wnder the
skin surface, at 1 mmfweel: prowtl). The fingernails require
4-9 months of treatment, and the wenails, which grow even
slower, require 9-18 maonths of reatment. Doe (o wearing
shoes, the fect and 1oenails are also subjected to an envi-
onment which 15 conductive 0 fungal prowth (wirm,
moisl), muking it more difficull o eliminate the infection.

Tinea vuguinm o onyehomyensis has heen partieularly
iroublesome to treat. Treatment regrimens can last as long as
18 months, with considerable time and money invested
the cure. Mail avulsion (removal} is ofen ncluded in the
regimen but may cause considerable prstnperative disenm-
tiart, Even sa, noly a 75-8046 cure rare can be nlnained with
lingernail infections. The resulis are more bleak [or toenail
infactions (25% cure raie). [F more than one nail is involved,
a permanent cure i unlikely. Tt has besn estimated that at
least 153200 of the U5, populatinn betwesn the ages of
40 00 have onychomycosis.

Clinical Applicatinn of Al A-Twluced Photosensitization o
Chronie Toonail Infection with Dermatophyle
{Trichaphylon Species)

An wilult male presented with o choonie dennatophytic
infection involving the oail of the areat toc, The nail itself
was badly delonned as a esult of the nfection. The sur-
rounding lissues showed cvidence of clrnnic low-grade
inflammiation.

A0 (wiw) solution of S-aminolevulinic acid (ALA) n
an ail-in-waler emulsion (Glaxal Tase) was applied to the
tocoatl and sucmounding, tissues, and then covered with a
witer-resistant plastic dressing (Tegaderm). Four hours later,
the Tegaderm and residual cream were removed and the
whale arca exposed to photactivating, (red) light.

The patienl experivoced 2 typical subjoective rosponsc
while the we was being exposed to the Lght—itehing,
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stinging, and a sensativn of mild burning. Upoa conspletion
of treatment, the to¢ was erythemalous and somewhal
edematous. This gradually decreased over the next fow days.

Chver the next fow months, all clinical evidenes of the
fungal infection vanished. The loeoail s now growing
withnul deforminy.,

EXAMPLE 10

The fullowing arganisms accumulate flunrescing and/for
pholosensilizing, concentralions of PplX when exposed to
eROZENONE ALA

{13 Protowea

(u) Lewshmania—I.. donavan
[ALA-induced Nuorescence]
(1) Malaria—Plusnwodiim yooki
[ALA-induced Quorescuenes]
[AT A-induced photosensitization |
Pluasmodiwn chaubadi
[ATA-induced fluarescence)
[ALA-nducsd pholosensitization]
(2) Warms
(u) Nemudodes ~Liembricws terresirls {dewworm)
[ALA-induced fuorescence]
[ALA-Induced photosensilization]
frterobing venricrdariy (pinwosm)
[ALA-induesd fivoreseence |
[ALA-indueed pholosensitization]
Musmodinm yaelii s o malarial paragite thal cun infes

and) grovw progressively o produce a lethal oem of walaria s

in suseeplible strains of mice and rats ‘The imventors have
found that, when normal mice are injected with standard
numbers of blood er spleen cells oblained from donors
infeeted with £ yoefil, they dic of malaria 10 1o 20 days after

such injection. 'Fhis movse mode!l 15 applicable to the study

of malarul infections in humans, including [ weax, B
Salciparam, Pomalariae, and P ovale,

What is claimed is:

1. A method lor treating inoa Lwmal patienl & noo-
malignant hyperproliferatdve skin lesion that prelerentially
aceumulales u photoactivatable porphyrin, eomprising
administering to said buman patient in aeed thereol an
elfective amount of a precursur of protaparphyrin [X
ther¢by aceumulating (herapeutic levels of said protopors
pliyrin [X, and therealler exposing said skin tesion tu light
cupable of photoactivating said proteporphyrin 1X.

2. ‘The method of clum 1 wherein said precwsor of
protoperphyrin 1X s administered tapieally.

3, A method for detecting in o humao patieat a non-
malignant, hyperproliferative skin lesion that profercntially
sccurnulates a photoaetivatable porplyrin, comprising
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adminisiering 10 52 human palien! 0 need theteal an
cifeetive amount ol & preewrsar of protoporphyrin 1X
therehy acenmwlating delectable levels of said protoporphy-
rin IX, and therealter exposing said skin lesion to light
capable of phuteactivating said protoporphyrin 1X.

4. The method of <laim A wherin sald procursor of
pretoporphyrin X 15 adininistered topically,

& The method of claim 1 wherein said precursor is
S-aminalevulinie acid.

6. The method of claim 3 wherein said preciiesnr s
S-mninelevulinic acid.

7. A melhud of weatiog a non-maligsaut, hyperprolifera-
tHve skin lesion g Imman patient in which protoporphyein
IX iy produced from S-sminojevuolinie acid, comprising
expusing said skin lesion io said human palisnl o o wave-
length of light within the phutoactivating spectrumn of pro-
toparphyrin TX.

8, A method ol treating a oan-malignant, hyperpralifers-
tive skin lesion in a human patient tn which protoporphyrin
IX is produced from S-aminolevalini weid, comprising
exposing sald skin lesion in said human palient o a wive-
lenpth of hght withio (he photoactivating spectrum of pra-
wporphyrin 1X, wherejn said light s geoeraled using an
arificial lighl source.

Y. A method accordiug to ¢laim 7, wherein said light is
anly within the absorption speatrum of pratoporphyrin 1X.

10. A method sceording, 1o claim 7, whegein said wave-
lengih of light s limited 10 the group ol wavelenglhs
ennsisting of 350 to TN nanomelers,

11. A method according Lo claim 7, wherein the pholoasc-
lvating light is limiled to the red and blue regionss of the
spesliiim,

12. A wethod of lrealing a nop-malignant, hyperpeolil-
erulive skia lesion, eomprisiung

(a) administering to o human paticnt 5 compound thit
induces accummulatjon of pl’()lupul.'pllyl.'il.] 1X in waid skin
lesion and then
(b) exposing said skin lesion lo a wavelength of light
within [he pholvactivating speetrum of protoparphyrin
IX.
13 A method according to claim 12, whercin said wave-
Ilength of light is generated using an urtificial light source.

14. A method according to claim 12, wherein said wave-
length of light is limied o the provp of wavelengths
cansisting of 350 to 70 nanomuslers.

15 A method aceording Lo claan 12, wherein Lhe phote-

activating light is limited w the red and blue regions of the
spectnun.
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Harper Laser Clinic specializes in Non-Invasive to Minimally
Invasive Cosmetic Medicine., We are dedicated to providing our patients
with the latest advances in cosmetic procedures, utilizing cutting edge
technology,

Qur Specialties include:

P Laser Hait Removal P BOTOX®
b- Laser Vein Removal b Collagen & Hylaform®
. . BLU-U® Blue Light Acne
P Laser Skin Rejuvenation > Therapy
> Chemical Peels / Designer ’ Photo Therapy with
Peals Levulan®

> Sun / Age Spot Removal P Skin Care Products

« We provide Fast, Safe, Permanent halr reduction utilizing the
latest laser technology.

s We can safely treat ALL skin types and tanned skin.

= We are not part of a big chaln of hair remaval centers, We are a
privately awned medical facility. Patients can expect personalized,
professicnal service which Is customized to their needs,

» All our procedures are performed only by a physician. (No
technicians?) Every detail is centered arcund safety and quality
care for each patient.

« Not all lasers for hair and vein removal are the same. We use a real
lagser (as opposed to other “laser centers" that use non-laser, light
based devises). We offer what we believe is the best laser
technology for removal of unwanted hair and unsightly veins. Qur
laser received many awards including: Most diverse aesthetic laser
on the market, Best hair removal laser for dark skin types, Best
laser for leg veins.

» Patiant satisfaction Is our #1 priority.

» Wa don't make unrealistic promises. Every procedure is clearly

hitp://www harperlaserclinic.com/ 01/10/2006
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explained in detail to our patients prior to any commitments.

=« We are open on Saturdays and some evenings te accommodate your
schedule.

Arnouncements;

We have joined the Magic Family. Listen to Jim Paolucci
[ his procedure on WMGC Detroit Magic 105.1
{FM, weekdays 3:00 pm - 8:00 pm

Jim recently had his first treatment for laser e Fits &
air removal on his back. Click here to see yamrd,,’@ Fowariles
{ photos.

Tune Up Man" from JAMZ 105.9 FM iz also a patient of ours
He's getting hair removal for the front of his neck te get ri
f those annoying razor bumps! Listen to him talk about his @
rocedure weekdays from 10:00 am - 2;00 pm. i

Click here for an overview of our services

Call Now to Schedule a FREE Consultation
(3213) 884-0800

= Home = Contact Uiz =

Acne « BLU-Ul « BUTOXE « Brown Spoks = Chemical Pexls » Callagen + Hair Remeval
Hylaform® » Loger Facial « Levulandd « Photodynarnic Theraoy « Skin Care Products
in Reinvenation « Vein Bamayal

Copyright © 2004 Rarper Laser Clinlc®. All rights reserved. Disclaimer » Privacy Policy
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Photodynamic Therapy with BLU-U or XEO:
A Blue Light and/ar IPL Treatment with Levulan®

INTRODUCTION
PDT is a light treatment performed with a topical photosensitizing agent
called Levulan (aminolevulinic acid or ALA}. When Levulan Is applied it is
praferentially absorbed by abnormal cells, pores, and ofl glands. This
makes these areas more susceptible to the lght. This technology has
allowed us to use If to treat pre-cancerous lesions called actinic keratosas,
sun damage, sun freckles or pigmentation from sun damage, and fine
lines. Tt can also be used to reduce oil glands and minimize the
appearance of pores, We are also Investigating PDT to treat keratoses
pllatis and other skin conditions.

Levulan® Kerastick’

Appication of soiion andabsorption  Bloe: it IRminetion z desnetion
to ook ol Mwmm

1hml

WHAT ARE THE BENEFITS OF PHOTODYNAMIC THERAPY?
Photodynamlc therapy is an effective treatment for actinic keratoses,
® which can eventually turn into skin cancer. Cryotherapy is not effective

http://www harperlaserclinic.com/pdt him 01/10/2006
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g when the actinic keratoses are diffuse over a large area. Topical
| chemotherapy can be used in such cases, but resulis in months of
i unsightly crusting. Photodynamic therapy allows effective treatment of
| actinic keratoses over large areas in one treatment with very little side
ffects. Photorejuveration alone has already been effective in the
reatment of rosacea, but by adding Levulan we are able to treat it more
ffectively and usually in fewer treatments. Studies for using
{ photodynamic therapy for acne have yielded good results as well.

1 HOW MANY TREATMENTS DO I NEED?

§ Photodynamic therapy is an effective treatment for a wide variety of
b conditions. It usually can treat these conditions In a series of two or three
j freatments is performed 2-3 weeks apart with little or no downtime and
) very little side effects.

WHO IS5 A GOOD CANDIDATE FOR PDT WITH BLUE LIGHT?
atients with actinic keratoses or sun damaged skin and patient’s looking
o Improve their overall texture and tone and reduce oiliness are good
candidates for photodynarmlc therapy. Patients with moderate to sevare
tosacea and/or ache are also good candidates for Photodynamic therapy,

WHO IS NOT A GOOD CANDIDATE FOR PDT with Blue Light?
b If you are pregnant, have been on Accutane within 3 months, or have an
active cold sore you should not have this pracedure, If you are taking
| aspirin or blood thinners, you may experience some brujsing that can take
J up to 2 weeks to resolve, If you are tanned or have recently been exposed
to the sun in the area you are having treated, you may be maore
usceptible to potential side effects such as blisters or crusts and/or your
! treatment may need to be reduced in intensity or postponed untll the tan
i fades. In additlon, patients with pacemakers or internal defibrillators
hould not have this procedure. You should advise us of all ora! and topical
s medications that you are currently using prior to treatment as some
| medications are photosensitizing and PDT should not be perfarmed while
| yau are on them,

{ IS THERE ANY DISCOMFORT DURING THE PROCEDURE?
During a PDT with BLU-U™ procedure you will experience little to no
 discomfort. A slight warmth may be felt in the area being treated.,

WHAT ARE THE POSSIBLE SIDE EFFECTS?

1 Some patients may experience mild redness and/or peeling after a BLU-
U™ with Levulan treatment. This usually lasts for a few days. After
Levulan is applied, the area will be sensitive to sunlight or other intense
light sources for 4B hours. Therefore, it is important that following a
freatment a sunscreen with zihc oxide and SPF# 30 or higher is used
| regularly for the 48 hours following. Failure to do this can result in
extreme redness and peeling that may last 10 days. Swelling can also
occur and althaugh rather uncommeon, could last for a few days to a week.

Advantages of PDT: For Diffuse AK (Actinic Keratosis):

« It is easier for patlents than liquid nitrogen, 5-FU, or Aldara because
it Is virtually painless, the side effects are minimal, there is a quick
recovery time, and few treatments are necessary.

http://www.harperlaserclinic.com/pdt.htm 01/10/2006
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= There is reduced scaring and improved cosmetic outcome compared
with other treatment modalities,

« It treats the whale area rather than just spot treating lesions,
resulting in clearance of subclinical lesions and prolonged remission,

= [t has both medical and cosmetic benefits.

For Acne:
» It i5 painless - taenagers love that

+ It improves compliance - teenagers often don't use thelr creams or
take their pills

+ No oral medications, such as antibiotics or isotretinoin (Accutane®),
are necessary

+ It kills the acne bacteria as well as reducing sebaceous glands - the
two things that cause acne.

o It restores the skin integrity to a large degree, resulting in
sometimes amazing improvement of not only acne but alse acne
scarring

« [t can cause long-lasting remissions.

For Photorejuvenation:
» [t can shorten the number of treatments from 5 to 3.

* You can take away precancerous cells, something that you cannot do
wlth traditional photorejuvenation.

s You can reduce the oiliness of sebaceous skin, or reduce sebaceous
gland hyperplasia.

Call Now to Schedule a FREE Consultation
(313) 884-0800

+ Hpme ¢ Contack Us =

Acne = BLU-UG « BOTOXE
- Hyfaform® « Lase

+ Brown Spots « Chemical Peals « Collagsn « Halr Remoyal
+ Levuland = Phatodyr erepy + Skin Care Producis
Skin fejy e * Vein Remaval

Copyright @ 2004 Harper Laser Clinle®. All rights reserved, Disclaimer » Privacy Policy
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ACNE

Acne is not a just a problern teenagers have. Many young adults, people In
| their 20's and 30's, have trouble with acne that is hard to control. The
BLU-U treatment - using lght without drugs or antibiotics - may be
something for you to try.

What is acne, and why is it so hard to control?

There are many types of acne. The most common is called acne vulgaris.
Almost everyone goes through a period of acne at one time or another.
Just beneath the surface of the skin lie hundreds of tiny glande called
sebacecous glands. Their function is to collect and excrete the oily
substance called sebum, to keep the skin healthy. However, the tiny
pathway for the sebum to escape often becomes clogged, and a bacterium
called p. acnes grows inside. In a short time, the area swells up, and
forms a pimple on the skin. At certain times of life, this process becomes
very active, troublesome and hard to control,

BLU-U THERAPY P ACNES AASERT

Is there a new way to control moderate acne?
Thers are many treatments for moderate ache - creams, washes,
medications - mild ones and very strong ones. However, your doctor may
decide that certain medications, such as antibiotics, aren't right for you.
Your case of moderate acne may not be responding to medications or
other conventional treatments, It may he hard for you to keep up with
complicated routines of skin care. Maybe it's time to consider something
new.

What's the Biue Light Treatment? How does it work?
There Is now new treatment available that doesn't depend
on medication. It's called the BLU-U Blue Light
Photadynamlc Therapy Hluminator. The BLU-U is a very
spacial blue light that can kill the p.acnes bacteria in your

http://www.harperlaserclinic.com/acne.hitm 01/10/2006
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skin. Treatments are simple - you simply sit with your face close to the
light for a short time at a schedule we can set up, usually a 15-minute
session about once or twice per week, The treatments may go on for five
weeks or 50, It's very safe, it's not hot, it's not painful at all, After some
weeks, the blue light can control your acne, or clear it up far a very long
period, Tha BLU-U was cleared by the FDA in 2003 for the treatment of
moderate inflammatory acne vulgaris.

What Is Photodynamic Therapy (PDT) with Levulan® and BLU-U?
PDT is & light treatment performed with a topical photosensitizing agent
called Levulan (aminolevulinic acid or ALA). When Levulan is applied it iz
preferentially absorbed by abnormal cells, pores, and oll glands. This
makes these areas more susceptible to the light. This technolegy has
allowed us t0 use it to treat pre-cancerous lesions called actinic keratoses,
sun damage, sun freckles or pigmentation from sun damage, and fine
lines. It can also be used to reduce oil glands and minimize the
appearance of pores. We are alsc investigating PDT to treat keratoses
pilaris and other skin conditions. Patients with moderate to severe rosacea
and/or acne are also good candidates for Photodynamic therapy.

What are the Benefits of PDT with Levulan®?

» It is painless - teenagers love that

« It improves compliance - teenagers often don't use their creams or
take their pills

« No oral medications such as antibictics ar isotretinoin (Accutane®)
are necessary

« It Kills the acne bacteria as well as reducing sebaceous glands - the
twao things that cause acne.

» It restores the skin integrity to a large degree, resulting in
sometimes amazing improvement of not only acne but also ache
scarring

» It can cause long-lasting remisslons.

Click here for more information about Levulan Treatment

Call Now to Schedule a FREE Consultation
(313) 884-0800

= Home = Contact Lig »

Ache « BLU-LI® « BOTOX® » Brown Spots « Chemlcal Peels = Collaqen « Halr RPemoval
Hylaformi « Laser Facigl = Levulandy = i Therapy + Skin Care Products
Skin Refuvenation » Veln Removal

Copyright & 2004 Harper Laser Clinic®. All rights reserved. Distlaimer » Privacy Policy
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C o Lager Sbix Silutin!

BLU-U Acne Treatment

Frequently Asked Questions

What is acne?

Acne is a common chronle skin condition caused by inflammation of oil-
producing sebaceous glands. Acne usually begins between the ages of ten
and thirteen and persists for five to ten years, Acne Is most commaon on
the face, but can alse occur on the back, shoulders, neck, chest, scalp,
upper arms and legs. Acne develops when the skin cells don't shed
proparly — they stick together and plug up the pores. This blockage
encourages an oll called sebum and a bacteria called p.acnes to build up in
the skin pores, leading to inflammatian.

Can acne be prevented? How Is it treated?

Acne ig a fact of life for many adolescents. Approximately 90% of all
adolescents and 25% of all adults experience acne at some point in their
ives. In adolescents, acne breakouts are related to the natural release of
androgen hormones, which occur during puberty. In adult women, acne s
often related to the monthly menstrual cycle. Contrary to popular belief,
acne is not caused by eating chocolate, greasy foods or bad hygiene. In
$ the U.5. alone, over one billion dollars is spent on acne medications and
| treatments each year. In many instances, the money spent yields less
than satisfactory results, is cumbersome or causes side effects.
| Conventional treatments include over-the-counter cleansers and lotions,
| prescription antibiotics, retinoids and hormonal therapies.

¥ What is BLU-U™? How does it work?

 The BLU-U system uses & unique high-Intensity blue-violet light that
activates the bacteria-fighting rmilitla called porphyrins, The porphyrins
start a chemical reaction that produces peroxide, which destroys the P.
acnes bacteria.

What happens during a treatment?

With BLU-U, a typical treatment session requires approximately 15
minutes. Patients lie comfortably on a bed while the therapeutic light is
applied; sometimes there is a slight warming sensation. Treatments are
described as easy, even relaxing, but most importantly, safe and painless,
Patients often listen to music while being treated.

How many treatments are required?

The doctor develops treatment plans based on individual patient needs.
Typically, BLU-U treatments are given twice a week for four weeks. It 1s
important to keep treatment appointments recornmended by the doctor In
order to see maximum results.

http:/fwww harperlaserelinic.com/blu-u.htm 01/10/2006
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ow effective is BLU-U?

The BLU-U systern effectively clears 70%-90% of maderate, inflammatory
cne in four weeks. Results are especially impressive when compared with
onventional treatments, such as topical creams and oral antiblotics.

! Will skin be blemish-free at the end of the BLU-U Treatments?

: Though the inflammation will be gone for a majority of patients, some may
agxperience rgsidual redness where the inflamed blemish was located. The
§ redness will dissipate over time.

} Are the results permanent?
F BLU-U treatments usually help control acne breakouts for four to eight
b manths; after that, occasional touch ups may be necessary.

| Is BLU-U safe? Are there any side effects?

BLU-U is one of the safest acne treatments available. The systemn’s blue-
violet light penetrates just deep enough into the tissue to reach the acne
target, without adversely affecting surrounding skin. BLU-U has no knpwn
side effects.

Who can be treated with BLU-U?

Mast pecple can benefit from treatment. BLU-U has proven to be very
| effective on mild fo moderate, inflammatory acne, Pregnant women and
| people with photosensitivities should consult with their physician,

; Do patients need to prepare their skin before coming in for a BLU-
U treatment?

i Yes, The affected area should be washed with a mild acne cleanser, then
rinsed with water and dried. Women should remove makeup before
| treatment sessions, and should only wear oil-free make-up between
appaintments. Make-up can be re-applied imrmediately after a treatment
| sassion has been concluded.

i What type of skincare is needed between BLU-U treatments?
Patients should consult with their physiclans regarding the daily use of a
| non-irritating, anti-acne cleanser such as salicylic acld. Patients should
avoid touching or picking blemishes at all times. The use of Salleylic acid
 enhances the effectiveness during and after treatments.

| Are BLU-U treatments FDA-cleared?
Yes. The BLU-U system is one of the first devices o receive FDA clearance
s to _market for the safe and effactive treatment of moderate inflammatory
acne. After eight, regularly spaced treatments, patients show significant
improvement with nio side effects noted.

| What are the features of BLU-U?
BLYU- Features:

« New paradigm for acne treatment

» High-intensity, narrow spectrum blue-violet light destroys P. aches
bacteria

¢ Short treatment regimen; 8-10 treatments over 4-5 weeks to
achleve Impressive results

hitp://www. harperlaserclinic.com/blu-u.htin 01/10/2006
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« No side effacts, no pain, no downtime

= Hormne = Contact Us =

Achie v BLU-Us « BOTOXE = Brown Spats = Chemical Pegls « Collagen » Hair Rermaval
Hylalormd: » Laser | 3l = Levulan® = Photodynamic Therapy + Skin Care Products
Skin Rejuvenation = Yeit Removal

Copyright © 2004 Harper Laser Clinic®- All rights reserved, Disclaimer » Frivacy Policy
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157 ABSTRACT

Methods of detecting and treating rapidly growing cxops=
eoous cells, such as Protista, or parasites, thal preferentially
accumulate a photnactivatahle porphyrin in which
S.aminolevulinic acid or precursor thereof is administered 10
the patient, or conlacied 1o the eaogenous vells, in an amount
sulficient 1o induce synthesis Nuorescence and/or phutusen-
sitizing eonceniratinns of o proloporphyrin [X in the exog-
enavs cells, followed by exposure of the exogenons cells io
light of pholoactivating wavelengths.

12 Claims, 1 Irawling Sheet
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PHOTOCHEMOTHERAPEUTIC METHOD
USING S-AMINOLEVUTINIC ACID AND
OTHER PRECURSORS O ENDOGENOLS
PORPHYRING

CROSS REFERENCE 1) RET.ATEDN
ADPPLICATIONS

‘This application is a condinuation-in-pant of V.S, appli-
cation Ser Mo. DR/ORZ 113, filed Jun. 28, 1993, (now U5,
Pat. No, 5,122,083, issued Jun. 6, 1995), which in mrm is a
continuation-in-part in WS application Sce. No. 07/865, 151,
filed Apr. 8, 1992, (now 1.5, Put. No. 5,234, 944), issued Aug.
10, 1993), which is a continuation-in-part of V.8 applica-
tion Ser, No, 07/783,750, filed Out. 28, 1991 (now U5, Par.
Mo, 5,211,938, issued May 18, 1993), which is a conlinua-
tian nf 118, putent applivation Scr, No. 07/346,.414, filed Tul.
28, 1959 (now U5, Pat. No, 5,079,262, issued Jan. 7,1092).
This patent application is also a CTP of US. Scr. N,
0#/002,925 filed Jul, 19, 1993, ARANDONED which was

a continuwation of U5 Ser. No. O7/805,150, iiled Apr K,

1992, ABANDONELD which application s a conlinuation-
in-part of U5, Scr, Na. ON/783,750, liled Qct. 28, 1991, now
U.S. Pat. NO. 05,211,938, referred to supra. The disclosuces
af all these applications are inearporated herein by refer-
CUCE,

FIELTY OF INVENTION

This invention relates 1o the detecuon and teeatment, by
induced Buoecscenes and photochemotherapy, respectively,
of gortpin Hssue sbnormalitics (both cancerous and non-
malignant of endogenous and ciogcaous origing, hyperpro-
liferative cells, and normal cells, The invention also relates
16y the detection and treatment of abnormalitics in body fluids
or suspensions of tissucs containing aboormal cells by
induced Noorescence and photochemotherapy.

BACEKGROUND OF INVENTION

lissue abnarmalities involving the skin usually are
detected and assessed hy s combination of visual inspection
and palpation. In cortaln elinical sitnations e scasitivity of
the visual inspection can be enbauced by the use of non-
white light (either ullravielet or o nacrow hand in the
visible), ur by the prior application of a contrast-eohancing
apeul such as dilute acetic acid or cerlain stuing, ‘Tissucs
abinormalities that involve surfuces hat caanot be palpated
(such as the bronchi or the urinary bladder) may be visual-
ized via an approprisle scope. Some spocialized scopes can
deteet induced Quurescence, [f the abnormality in question

s associated with a dilference in cither the extent or the -

pattern of tissue vascularization, such a seope may be used
lo determing the limits of the area wvolved by the
abnormality, by visnalizing an injected bolus of Muorescein
or other fluorescent material as it passes throngh (he vascu-
latuse of both the lesion and he adjacent narmal tissue.

In addition, fluoreacenee-detecting scopes are bueing used
eaperiucatally o identify areas of dssue that show strang
porplyrin Huarescence Following the Intravenous injectian
of exogenous porphyring such as hematophotphyrin TX
(Hp! %), hemaioporphyriv derivative (Hpld), ar “dihemata-
porphyrin ether”™. Such porphyrins tend 1o sccumulale semi-
prefereniially in malipnant tissves, but they also accumulate
n Lissues that are regenerating following an injury or in the
rapidly growing Lissues of an embuyo or fetus. Normal liver,
splecn, and kidney also tend lo acvuiulate these porphyrins.
Using such compounds aud fuarcscence-detecting scupes,
arcas of malignand tssue o small o be identified Ly
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slandard forms of visual inspeetiom have been identified in
the bronehi and in the urinary bladder.

Unfurtunately, a linically signilicant (photosensitizing)
amount of porphyrin may persist in the skin for at least two
weeks, (necasionally for more than two maonths) following
the intravenons injeclion of TIRIX, TiplD, or 8 semi-puridied
preparation of LpD, such as Phatolrin [T {Photephin i3 a
regislered trademark of Quadrs Logies, Inc. Vancouver,
British Columbia, Canada} This means that paticnls must
aveid exposure to sunlight (either diret, or though windew
glass) for an inconveniently long period of lime post-
injection, Understundaldy, patival compliance often is poor,
and accidental phololoxic “sunbuirn™ is a commuon occur-
rence 1o the weeks Tollowing o diagoostic or lherapeuatic

- iajeetion of pomphyrin, Pursistent photosensilivily is the

major hazard associaled with 1his technique, and is the wain
rssan why il is ool used more widely.

The standard Lreatments for cancer comprise sucpcry,
rachiotherapy and chemotherapy. However, alher Forms of
Irealment are also koowa, neluding pholochemotherapy or
pholodynamic therapy (PDYTY, based on the discovery made
over B0 years ago that unicellular organisms, ie., certain
rapidly prowing cells (such as cells of the Tower Kingdom,
now referred Lo as Protista), trealed with certain chemicals
will dic when exposed to lighl. Thus, synthetic porphyrins
have been shown in vitre 1o protect cells from infeetions
such ags parasites, e.g., lyromastigotes and sphacromastig-
oles of Tyropanosoma crugd, I Parasilol, 75(0) 1989, p.
90-576, and gram positive bacleria, mycoplasma and
yeasts, Malik ¢t al, J. Pholochemistey and Photabiology, T
Biolopgy 5 281-293 (1920). I" acrwe is known o, in vitro,
procluce intracellelae protoporphyrin in the presence of
cxogenous ALA. Kieldstad, Conference on Photosensitiza-
tion and Photochemotherapy of Cuancer, Dot Morske
Vidlenskaps-Akademi, Mar 16-17, 1993, (slo, Norway.

PLYT is currently being used, oo an experimenta] basis, to
trcat several different types of eancer s well as certain
non-malignant lesions such as psoriasis. I'he patient is given
4 photo-activatuble drug (hat has some degree of specificity
tor the tissue being treated. A tissue volume thut includes the
target tissue is then exposed 0 photoactivating Light so s w
destroy the targel Lissue while causing only mild and revers-
ible damage to the olher tissues in the same trealment
volune.

There are two main types of phulochemotherapentic
agents in clinieal use at present. The first type,
methoxypsoralens, are given syslemically. Uhravialel light
is cssential to activale them. Lovalized expasure af psoralen-
containing 1issues W ultraviolet light induces a localized
photechemical reaction thal causes the drug o bind
covaleutly to the DNA of living cells, thus destroying their
mliferative patential. The second type, porphyrins and
related photosensitizers, are also piven systemically (by
intravennus injection), althouph occasienally they are given
cither topieally or by intralesional injection. They can be
activaled by visible (red)} lipht. The lncalized exposure of
porphyrin-containing tissues to such light ordinarily docs
nol induce a clemical eaction between cell components and
the porphyein melecules. Tnstead, the porphyrins acl as
cilulysts by teapping the energy ol the photaactivating light
and then passing it on o molecules of oxygen, which in tum
arc ralsed 1o an excited state that is eapable of oxidicing
adjacent molecules or structures, Cell death is nol caused
primarily by damage 1a the DNA, but by damage to essential
mewbrane strocmices. The poal of photochemotherapy is
somctimes cure {mainly loo basal cell ecarcinomas), but
wsnally the goal is palliation lwovgh loeal contral when
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none of the standard forms of Ltherapy are considered likely
to offer a significant degrec of Denefit 10 the patient.

Metbwxypsoralen (PUVA) therapy is vsed mainly for the
Lreatment of psoriass, ut somelimes il s also usad o treal
very supcrficial cancers (hat involve the skin (mainty mycu-
sis [unpoides). However, there are two setlons prohlems
wilh such treatments, Firsl, the procedure has been demaon-
slrated in bumans to be carcinopenic. Secoad, the depth at
which malignant tisene can be killed is limiled to a fow
millimeters below e dwminated suclace. These prohlems
severely limit the uscfulness of the metboxypsaralens for
photochemotherapy.

S-Aminu-d-pxopentanoie acid, alsy known as
S-aminolevalinic acid wnd s d-aminolevulinie acid
(“ALA™) his been cescribed io the cross relirenced paleuts
and pateat applications (est set Lo in this specilication fur
detecting and treating rapidly prowing cells. ALA bus also
been reported [or use in altenuating the growth and killing
plants and insesis when applied dircctly (0 such onganisms
Lollowed by exposure W Light, based on work of Rebeiz vt
al.

Syathetic porphyrins have also een used as photochemos
therapeutic agents in treating rapidly growing, ¢.p. rapidly
dividing or rapidly metabolizing infectious cells, sueh as
infeetious pathogens, including protozoal parasites, such as
Plasmedium faiciparium (which causcs malaria in humans),
various other spocies ol Plasmodia, Leishmania, and
ameocbae, pathogenic fungi, and microplasma, including the
variovs parasitic forms, all such eclls and organisms being
referred 1o herein as Protista, ‘The term Protista as vsed here
and in the Merature refors to the lowest orders of 1he animal
and vegetable kingdoms, siople celled or collections of
single celled prganisms including: the cukaryoles, including
prolozoa, tunpi and algae, and the prokaryoles, which arc
bacteria and blug-green alyac,

At present, the porphyrins most commonly used for
photochemotherapy are Hemaloporphyrin 1X (HplX),
Hematoporphyrin derivative (TIpDd) and varions semi-
purified prepacations of HpD) such as commerclally svailable
Photofrin@ 11, 4 semi-purified form of Hpl). When porply-
ring are vsed as pholosensilizers, cell dealh results from
dunape to cell membranes. Conscquently, malignant transs
formation is not 4 gerious prohlem. Morcover, sinee the
visible (red) light that is vsed to phatoaciivate porphyrins
peneirales Lssue much more deeply than docs the ultravialet
Light that mus! he wsed to photoactivale methogypsoralens,
the depth at which porphyrin-treated tissue can be killed s
substantially preater. Also, singe cortain wypes of porphyrins
show a significant lendency to aceumulate preforentially in
malignant tssues, it is sometimes passible o destroy malig-
nant. tissue without cavsing elinically significant damage W
adjacent normal tissues.

‘I'he main problew with the sysiemic use of HplX, Hpll

and Phowofrin II & hat photasensilizing  conceniratinns

persist in the skin for several wecks to several months
[ullowing, their adminisiration. Conssquently, severe acci-
tental photatoxie skin reactions may oceur unless the patient
avoids exposure to sunlight (either direet, or Alered throngh
window glassh uatil the concentrativn of the phorosensiticer
in the skin has been reduced to a harmless level. AL prescnt,
the problem of photosensitivity following the adiministration
of porphyrins is handled by advising the paticut to avoid any
farm of exposure (o gunlight {or to very Lripht artificizl
lights) for a period of at least two weeks post-ljeetion, and
tey inilisle subsequent exposure wo sunlight very eautiously.
Wt ali patients comply with these instcuctions, sinee it aflen
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s quite inconverment Ly do an, Inoaddition, e use of a
sunrereen with a high blocking Mactor is recommended wilh
warning, that this will only reduce the hazard somewhat, uot
climinale it completely. In a lew cascs, patisnls whose
phulosensitization persisied [or more than a month post-
treatment have beon given large daily doses of beta-carotens
over a period of several montbs (0 a0 stlempt W peevent
accidental phototoxic damage. Tinally, attempls bave boen
made 1o reduce phototoxicity by applying the photosensi-
tizer topically 1o a limited area.

Ilowever, another Lype of problem is encounlersd if HprX
or Hpld is applied topically in DMS0O (diocthylsulfoxide),
Azone, or some olher vohicle intended t cohance their
diMusion through Gssue, The porphyring eod 10 become
immobiliced wherever they huppened to be when the DMS0
ar Avone beeoues dilnted by normal tissue fluids o such an
extent that the porphyrins cun no lenger <iffuse thiongh the
Lissue {or cven remain insolution), Cansequently, the topical
application of parphyring oftes is associated with & loss of
spuciﬁcily for malignant tisgues, and normal Lissues near the
site ul upplivation may develop persistent pholosensitization
lrom the localized concentration of pnrphyrio.

OBILCT OF INVENTION

1114 an object o 1he present invention 1o provide a method
for the detection of cerlain types of maligonant aod non-
malipnanl cells including a colleelion of cells, and tissue
abnormalities by induged flunrescence.

It is yet woother ohject ol this nveption W provide A
photodynamic (photnsynthesizing) tecatment method using
an apenl which can be administersd either systemically ot
topically which s nol in ilselt a photasenthisizer but which
induces the syothesis or accwnulation or both of protopot-
phyrin [X {PplX) and olher endogenous porphyring, their
precursars and their photoproducts, in rapidly growing cells,
including abnormal cells in otherwise nommal lissues, in vivo
or in vilno,

The terms porphyrinfs) and their precursors refer to
compounds produced {n vivo in the syathesis of heme and
nther endopenously produced photoactivatable compounds
meluding their photapraducts.

SUMMARY OF INYENTION

This invention is based on the finding thal exogenously
administered AT.A and other precursors of PplX are metabo-
lized in putients to PplX and thut PpIX preferentiully accu-
mulates in rapidly growing cells, as contrasted with less
rapidly growing cells. The rapid growth is correlated with
the metabulic activity, so Lhal the diffcrential accumulation
1s allected by the relative metabolie activily hetween differ-
ent cells,

This invention provides a method for delecling in a
patient, a malignant or nan-malignant Tesion or abnormality
which is scnsitive to PpIX, namely those which preferen-
Hally accumulate PpIX, comprising adminisiering 1o said
paticnt an cffective amount of a precursor of PplX in the
hiosyathetic pathway for heme 5o as Lo induce an aceumu-
lation of PpIX in said lesions, and exposing said losions 1o
liplit having a wavelenpth within the ahsomilivn speetim af
said PpIX, thereby o induce flnorescence in said lesinns.

Anatler aspeet of this invention = a metbod for treating
malipnant and non-malignant hyperprolifecalive lesions of
the skin, pmensa, endometrinm and urotheliver which are
sensitive to PpIX in o patient, enmprising administering to
said patient an elfective arpount of a precursor of PpIX in the
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biasyathetic pathway for heme so as to induce synihesis or
accumulation or both of PpIX or oither endogenous
porphyrins, their procursors and their photoproducts in said
lesions, and exposing said lesions 1o light having a wave-
length within the photoactivating action specteurn of said
PplX to thereby induce phoroactivation in said lesions.

Thus, the rapidly growing cells volved can b cither
malignant or non-malipnant hyperprolitorative cells. The
byperprolilerative cells can be normal, rapidly growing cells
o1 abnormal cells in otherwise normal tissue. The abnormal
cells in un otherwise normal tissue can include abuosnal
rupidly growing cclls endogenous to the patient or abaormal,
rapidly prowiny, cells which are exopenous 1o the patient.
These rapidly prowing cells thatl are exogenous 1w the patient
shull, for convenienes, be relorred (o herchy, depending on
the degrae of geperality, as rapidly growing exogonous cclls,
eapidly growing Protista cells and rapidly growing parasile
cells,

One aspect of this invention (s induction in vivoe or in vitro
of the biosynthesis and selective accwmulation of Huorescing

or photlusensitizing conceulralivns of protoparphyrio IX or 2

other endogenous potphyring such as aoproporphyrin 1,
coproporphyrin T, uroporphyrin 1, woporphyrin I, or
Nworescent metalloporphrios such us wine protoporphyrin X
in Protisla and parasites of humans or other animals, by
exposing said Protista and eodogenous ¢ells vnder appro-
priate canditions in viva or in vitro to an eitective concen-
tration of S-aminolevulioie acid or other precorsor of suid
porpliryings) in the biosynthetic pathway for heme.

Still another aspeet of this invention is the deteetion of
chumeration of Protista and parasites of humans or other
animals, by inducing in vive or in vitra (ex vivo) the
binsynthesis and selective acenmulation of fivorescing con-
centrations ol protoporphyrin TX or other endogenous por-
phyrin in the parusiles as deseribed previously, and then
using such fluorescence wr delect, enumerale, or olherwise
quantity said Protista aod parasites.

Yel another aspect of this invention is the seloctive ldlling,
ol Protista and parasites of humans or other animals in vive
or in vilro, by inducing the biosynthesis and sclective
accurmnulation of pholossnsiliving concentrations of profo-
poarphyrin IX or other eodogenous porphyrin in the Protista
ur endupgenous oells ax described above, snd then exposing
the photlossusitized parasites o an eflective dose of light of
wivelengths lyiog withio the photoactivation spectrum of
suid purphyrings) or of photusensiticing photoproducts of
said porphyrings) that may be produeed during swid cxpe-
HUTé,

By another aspect of this invention there 15 provided use
of a composition comprising a precursor of protoporphyrin
IX in the Diosyathetic pathway for beme for the manufacture
of & medicament for treating malignant and non-malignant
tissue abnormalitics and lesions,

In preterred aspects of this invention the preferned pro-
cursar of protoporphysin IX is 3-amino-d-oxo-pentanoic

acid, otherwise Known as S-amiaolevulinie acid, and a :

preferred wavelength of the photoactivating lipht is in the
range oof 625 to 670 nm, more preterably a red Hght of 625
w 640 nun.

Other ubjects, fealures and advantages of the presen
invention will become apparent from Lhe following detailed
description. Tt should be understood, however, that the
detailed descriptivn and specific examples, while indicaling
preferved embodiments of the invention, are given by way of
tllustration only, since various changes and modifications
wilhin Lhe spirit and soope of the invenlion will beeame
appirent Lo thass skilled in the art from 1his detaited deserip-
Ling.
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NETAILED DESCRIPTION OF THE NRAWING

FIG. 1 illusirates the duratton of survival ol individual
mice [ollowing the injection of spleen cells infected with B
yaelif, Group (L) mics weore piven splecn eells that had been
exposed o ALA o vivo Dy then kept o the dack, 'The
averape survival ol the recipients of these colls was 15 days,
Ciroup (2) mice werns given the same number of cells from
thee same cell suspension aller @ had been exposcd o
photvactivaling light. All of these mice remaimed in good
health for 90 days, st which lime (he experiment was
lerininited.

DETAIT.ED NESCRIFTION (OF PREFERRED
CMBOTDIMENT

Protoporphyrin 1X (PplX), a naturally occurring
photosensitizes, s the uusediate precersor of heme in the
heme biosynthctic pathway. All nucleated cells have at loast
a minimal capucity 1o symbesize PplX, sinee home is
neeossary for the synthesis of various essential heme-
contafning cngymes, Certala tvpes of colls and tigsues can
synthesize celatively larpe quantitics of Ppl X, Under narmal
conditions, the synthesis of PpIX in such lissues s under
such right feed-back contral that the cebls produce il at a rate
just sulficient 10 maich their need [or heme. However, Lhe
usual rate-imiling slep in the process, the synthesis ol
S-amninolevulinic acid, can be bypassed by the provision of
sxopenous ALA, porphobilinopen, or other precursor of
PPIX. Cuortain tissues aod organs will lhen accumulate such
a large cxcess of PplX that they become both Huarescont and
plotosensitive. Al least o the case of the skin, the PPIX
appears to be syathesized in sitn, ALA, which Is commer-
cially available from Sigma Chemical Company and athet
sourees and which is water soluble, ¢an be administered
orally, mopically or by injection. The oral and parenteral
mutes lead to the ndustion of clinically useful eancentra-
tions of PpIX in certain henign and malignant tissues
throughout the body, Oaly cortain types of tissue synthesize
and accumulate clinically useful amounts of PpIX when
prowided with an excess of Al.AC By the expression “rapidly
growing cell” (s meant hercin any lesion, abnormal ogll or
normal cell that exhibits cell growih substantially greater
than that of the surrounding tissues and that preferentially
accumulates prowpocphyrin IX from exopenous ALA. Thus,
the cells include rapicly prowing cells that are endopenous
to the paticot and rapidly prowing cxopenous ¢ells such as
Pratista and parasite colls, 'The term “rapidly acowing, cells™
is 150 vsed hese to include living, metabolically active cclls
as enntrasted with metabalically inactive (dead nr dormant)
cells sugh as found o the malarial applications of this
invention.

Al the present lime, irestment of basal cell, hasosquamous
and squamons cell carcinamas and nther lesions of the skin,
mucosd (respiratory, digestive, and vaginal), endometrium
and urnthelium is cantemplated. Sites, which could include
lesions ur cellular abnormalitivs, penerally are those of
cpitbielial or endothelial origin including Lot not limited to
those nvolviog (1) skin, circulatory svstem and conjunctiva;
(if) the lining of the mouth, pharynx, ssophagus, siomach,
inlestines and intestinal appendages, rectum, and anal canal;
(111} the lining of the nasal paxsages, nasal sinuses,
nasapharynx, trachea, hbronchi, and bronchioles; (iv) the
lining of the ureters, urinary bladder, and urethra; (v} the
lining of the vagina, nerine cervix, and ulerus; (vi) the
parigtal and visceral pleurs; (vii) the lining of the peritnneal
and pelvic cavities, and the surface of the organs contained
within thase cavitics; (viil) the dura mater and meninges;
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(ix) oy tissues o suspensions of body fluids containing
abnormal cells, including blood, that can be made accessible
to photoactivatiog light cither in vitro, at time of surgery, in
vivo throupl the skin via sueface irradiation or via an optical
filre dnserted through a needle; (X)) o) exoerine glands aod
associated duets, including: manmntary glands, schageous
glands, ceruminous glands, swear glands, and lacrimal
glands; muas-seereting glands nf rhe digestive, nrmgeniral,
and respiratory systems; salivary glinds; liver, hile ducts,
and pall bladder; pancreas (exocrine component); yasiric
and intestinal glands; prostae; Cowper's, Bartholin's and
similar glands. It s also contemplated thar cell abnocmalities
in the gonads (lestes and ovaries), thymus, spleen, Ivmph
nodes, booe marrow, Tymph and Bloeod would also be tieated
agccording o the wveotion. Tumors of the nervouws system or
CoNnCetive tssucs (sarcomas) would also be treated accord-
fog to this Invention,

Treatment nf non-malignant lesions such as genilal warts
and psorissis and of endometrial tssues for indications such
as confraceqiinn, vaginal hleeding and endomelriosis is also
contemplated,

Asi used hersin the term “skin” includes:

(A) the covering of the external surface of most of the

hody, commaonly wrmed the skin.

(B) the covering of the cxternal penitalia:
labia majora, labis minora, clitors, and assnciated

structnres
glans penis, prepuge, and associated struchures

(C) 1he covening of the wne of transttion botween skin
and the mucosa of the digestive system:
anal verge
vermillion border of the lips

(M) 1he hining of the external auditory meatus, and the
covering of the external surface of the tympanic mem-
hranc

(B) ull exocring glands and associated ducts that are
locared at least partially within an epidlannal suctace
deseribed above, or withia the underlying derais, such
4% the piloscbaccous voits of the skin,

I'he term “mucosa” inchides:

{A) the lining of the whole ol the respiratory Lract:
nusal passuges und nasal sinuses
nasal pharymx and associated structures
larynx, vooal cords, and asscciated struclures
traches, bronchi, and bronchioles

(B) the lining, ol the whole of the digestive rat:
ora] cuvily and ngue
oral pharynx and laryngeal pharyvosx
esophagus
slotnach
stuull inlestine
large intestine, cacevm, and appenddix
sigmoid colon and reclum
aral camal

{C) the lining of the whole of the wrepenital tract:
urethes, bladder, and wrelers
renal pelvis and renal culyces
vaging, uterine vervix, vierus, aod Fallopian wibes
vays delerens, seminal vesicles, ejuculatory duct,

wmpulle of vas, epididymis, and associated structurcs

(D) the vonjuoctiva aod e lining of the tear ducts,

(L} all exocrine plauds and associated duets that ace
Tocated at least partinlly within ooc of the mueosal
surfaces deseribed above, or within the underlying
subimucosa.

5,440
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This ovention @ cspecially usctul for the treatment of
discascs of Irotista and pacasitic origin, as defined abowve,
particulaly acne, malaria and other parasites or losions
resuling from parasites,
5 The term “parasite”™ includes parasitss of humans and
nthey ammals, including parasitic prolosoa (both intracel]u-
lar and extracellnlar), parasilic worms (nematodes,
trematndes, and cestodes) and parasilic ecloparasiles
(insects and miles).

The parasitic Prolozoa include:
malarial parasites of humans or otber animals

=

malarial parasiles of humans
Blasmodinm faleiparam
Plasmaditm avile
15 Flasmodium malariz
Flasmodinm vivax
lgishmanial parasites of bumans and or other animals
leishinanial parasites of humans
Leishmania tropica
Leishmania nuijor
Leisfmania qethiopica
Leishmania brasiliensis
Leishmania guyanersis
Leishmania panamenis
Leishmania peravioanda
Leisfmanio moxicana
Lelsfunania amuzonenses
Letshmania pifuncr
Leishmania garnhiami
Leishmania donovani
Leishmania infantum
Leishmania chagasi
trypanosomal parasitcs of humans and/or ather animals
trypanosomal parasites of humans
Dvpantcsoma cruzi
Trypanesaren bruced gambiense
Trvpanescma bricei phodesiense
amochic parasilvs ol hunaes aod/or other snimals
g0 Amoebie parssites ol humans
Entamoeha histolyiica
Mueglana species
Acanthamocha spocics
Lyientamoeba fragilis
iniscellaneous protoZoan parasitcs of humans or other ani-
mals
misecllaneous protozaat parasites of humans
Toxoplasm gondil
Prcumocystis carinil
50 Bubesia microli
Isospora belli
Cryptosporidivm
Cyclnspara species
(iardia lamblin
55 Balantidinm coll
Blastocystis hominis
Microsporidia spocics
Sarcoeystis spocics
Some of these miscellanenus protosna cause sel{-limiling,
py disease in pormal people, but serious problewns w IV
paticots,
paasilic nemalodes 0 hvmans and/or other animals
patasitie nematores in humans
filarial nematodes
63 Wuchcreria banarofti
Rrugia malayl
Drugia Lwori

0
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Cinchoceres volvilus
Loa loa
Tetrapelalonema perstans
Tetrapelalonemy strepincerca
Mansoneta vrzardi
Irofilaria immilis
Nirofilaria tenuis
Nirofilaria epens
tnlestinal nematodes
Ascaris lumbricoides (rovndwarm)
Wecator americinus (hookworm)
Ancylostoma dundenale {hookworm)
Strongyloides stercoralis (threadworm)
Lnterobing vermicularis (pinworm)
Trichuris wichiura (whipworm)
Trichostronpylus species
Capillaria philippinensis
tissue nematodes
Trichinella spiralis
Anasakis species
Preudnterranova sperics
Dracunculus medinensis
parasitic trematodes in bumans and/or other animals
parasilic trematodes in humans
schistosoms mansoni
Schistosoma hasmalobium
Schistosoma japonicum
Clonorehis sinensis
Puragonimus spoecies
Opisthorchis species
Lascinla hepalica
Melagonimus yokogawai
Heterophyes helerophyes
lagciolopis buski
parasitic cestodes in humans and/or other animals
parasitic cestodes o humans
Tacoia sapinata
Taenia solivm
Hymenolepis species
Diphyllobothrium specics
Spimonctra specics
Echinococcus species
‘The methad of this invention compriscs the adininistia-
tion of ALA, other precussers of PplX awd other endogencuos
porphyring, to the paticat. The adninisration can also be in
vittn as applicd to 1issues af the pativut, Le., ex vivo, Inex
vive methods, tissue enntaining the rapidly growing ¢ells arc
removed from the patient, an effective amount of ALA nr
erlopenous porphyrin is added theretn, then the preparation
i= subjocted t0 photoactivating light, belure being readmin-
istered ta the paticot, The amounts of ALA cunstiluling an
slleclive dose can be determined by one skilled in the art by
analogy with the doses vsed for syathotic porphyrins, basod
an milligrams per kilngram hody weight for in vivo systemic
application and the typical concenteations for topical or ¢x
viva applications, 1he compound can be convenicntly used
arally or intravenously at a dosage of about 10 1o LOO mg/lg,
per single dose, preforedly as a dosape of 40 50 mpdg;
however split dosages of 100 mgskg four times per day may
also be given. The enmpound can he nsed topically at g dosc
of between 2% 1w 100%, with [0 being dry powder. Ex
vivo eoncentrations of the compound are used on cell
suUspensions in a range of 1-5 mb, with a peeferred rapeg of
1-2 mM; however, il serum is present, a higher dose af
aboul 15 mM should be used. 1f ex viva use on whale blood,

It
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the compound is used al aboul 15 mM; bowever, il an iton
kelator, such a3 Desforol™ or des fecroxamineg, a lower
eoneentration may be used,

Thus, ene application for the mcthod of this ioveation i3
the detection and quantitztion of parasites by ALA-induced
Auarescencs. The forcgoing ncludes fuoresccnce flow
cylometry of suspensions of cells or parasites cx vivo,
Muerrescence mictoranpy of cells, including but not limited
ter Lissues, body fluids, lecal material in vivo or ex vive, and
yuantative spectropholnfluorimetry of cells, including b
nol limited 10 tissues, body fluids, urine, or fecal material in
VIV O 8X vive.

Another application [or Lthe method of this invention 1s the
killing of parasites preferentially pholusensitized hy expo-
sure 1o ATLA or an endogenows porphyrin either in vivo or ex
vive, The conjunctiva, which can be treated eilber topically
or systeriically with AT.A, followed Iy, alier an appropriate
period ol tlime, exposure of the skin or conjuctiva 1o pho-
magtivating light, The parasitcs can also be proseat in the
poripheral blood, in which case the ALA can be administered
wystermically, followed by, after an appropriate time, which
can be casily coxporimentally detcrmingd, exposing ithe
defined area of the skin ar the bload passing through & lacge
vein o photoactivating, light vis an aptical guide within a
Iransparent. catheter that has heen inserted into the vein.
Parasttes located within one om. of the sutlace of hollow
aryans thal are accessible 1o fihersenpic sxamination
(1espiralory tracl, digestive tracl, urogenital tracl, abdominal
cavity, pelvic cavily, thoracic cuvity) can be diagnnsed or
treated by systemic administration ol the ATA, followed by,
afler the appropriate period of [ime, exposure of the surface
ol the Largel lissue via an appropriale light guide. Parasiles
Tocated at sites that are not readily accessitle W fiberscopic
exrarmination can be treated with the pholoactivating light via
a light guide that bhas Duen surpically nteoduced into the
target arca through a noedle or [ollowing surgery.

Additional applications of the method of (Lis nveotion
are ta detect very low lovels of metabolically active malarial
parasites in peripheral blood or marrow cell suspensions,
Such detection can be used m sereen hanked hlond or as a
screening procodure for paticnts suspected o have viable
malarial parasites. The screening method using AT A would
he accomplished by flow cytometry.

Still annther application far the method of this invenrion
would be 1o distinguish between metabolically active
(“viahle") and inaciive (“non-viahle™) malarial parasiles o
evaluale Lhe response 1o therapy in patients infected with
drug-resistant malaria more quickly than is now possible.
Prescnt methods for quantitating the leve] of parasitemia do
not distinpuish Detween viable and noo-viable parasites.
Thus, parasites that Dave been Killed as o result of eeconl
therapy may not be distinguishahle from viahle parasites. If
the parasites are in fact resistant to the specific drmg(s) that
are being used [or therapy, resistance 1o these drugs (as
show by [ailure to reduce the Jevel of parasiternia) may not
become obwvinus for some time afier the inilution of therapy.

In sowe cases 11 might be life-saving 1o recognize more
yuickly that a particular deuy s oot effective. Since AT.A
induces Huorescence only in plasmodia that are metaboli-
cally aclive, il ts possible 1o distinguish belween “viahle™
and morphelogically simitar “oun-viable” malarial parasites
1 the peipleral Llood, Doogs that Gl o produce a decrease
in the proportinn of the ervihrocytes that acenmmlate Pplx
Quorescence when exposed to AlLA in vitm eould be idon-
llted guickly and replaced by nther drugs thal possibly
might be were elective. The techoolopy would oot oeces-
sarily requie flow cylomelry, since relatively sumple and
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much less expensive Nuorometers could be used if the level
of parasilerniz is sufficiently high,

In cases ol partially drup-resistant malaria in which there
15 a slow response to the deugs, it may be difficult to koow
wlen i1 5 satc to discontine therapy. Since Al A-induced
PPIX flurescence can deteet viable plasmodia at very low
levels of parasitenia, the technigque might be used o verily
that the parasitemia has heen reduced 10 undeleclable levels
helore mainlenance therapy is disconinued. However, Bow
cytomealry would be required Jor suech low-leve]l measure-
ments.

The loregaing could abso be wsed 1o screen 10 viteo tor
sensitivity/resistance of the plasmodia from a given patient
10 sefected anti-malanal drugs, sinee ATA induces tluorcs-
cence only in plasmndia that are melabolically active.

et anather applicalion of this mvention is the sclectivel
photosensilizaiion and killing of malarial parasites o vivo or
in vitrn hy exposing them to pholoactivatiog light, The light
would be transmilted 1o the malaria parasites in the eiron-
lating blood either theough the skin, via an indwelling
inlravenous o ontra-artorial catheter or by extracorporsal
photodynamie therapy of Wood, especially for patients who
have fajled 1o respond 10 ather therapiss, particularly those
who night be eonsidered candidates Tor a therapeulic
cxchange teansfusion.

This invention is alsn particularly applicable to the treal-
menl of tungal infections. Fungal infectinns are hecoming of
increasing importapce in the past two decades due to the
increasing oumber of immanocompromised patients, both
by chematherapy and diseases such as AIDS, Immunosup-
pression results inan increased incidence of [ungal infec.
tions. Fungal infections can be divided into three calegorivs:
emfancous, subcutaneous, and syslemie. Cutancous infog-
tions are hy far the most prevalent. Fungal infections pre-
dispuse their hosts we bacterial superinfeetions.

The method of the lnstant invention is carned out in the
same manner as that for synthetic porphyring previnusly
reporied. More specitically, the methad of this invention is
used Lo detsct or treal rapidly growing cclls cxogenons to the
budy, including rotista cells and parasites.

The wavelength af the photoactivating light is of some
importance, as it has boen shown that betwesn 1 and 10
percent of incident red light (G0D=700 nm) can pass through
a slab of buman tissue 1 em thick, whereas ooly 0.001
percent ot less ofblue light (aboul 400 nm) can pass through
the sune thickoess of human tissue. The pholosensitizer
will, therefore, be more successiul i it absorhs rod light.
IFpIX does simongly absorb red light. The present appeoach
has several advanlages over the prior an. Fiest endogenous
PpiX has a much shorter half-life in normal tissues (human
and mouse, at least) thano does TIpIX, TpD or Phototria® [),
This greally reduces the danger ot aceidental phototoxic skin
reaclivos in the days followitp weatment. Sceond, the ATA
can be applicd topically 10 cenain types al lesions. This
improves the speeificity of the treaiment, reduces the Jaoger
nf accidental pholoinxic reactions to a very low love], and
preatly reduccs the amounl of both ALA and PpIX 1o which
the cotins body wonld be exposed ifan equally efleclive dose
nf ALA were to be given systemically.

Both ALA and PplX sre noomal products of metabolism,
and are handled quite readily by the biochemical machinery
of the body, However, since very larpe doses of ALA (like
large doses of TTRIX or TIpTY arc associated with a transicnt
decrease in molor nerve conduction velocity, it is desirable
o reduce the dose of ALA @ the mipimam thal is sfill
cifective, Topieal application requires much less ALA thau
systemic administration. Third, PpIX is rapidly inactivated
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by the photoactivating light. Following exposwe of tissucs
containing PplX to a therapeutic dose of photoactivatiop
light, there is a substantial decrease in phulosensitization of
the tissues wilhin the treatment volume, Consequently, if
I'plX is induced by 1he topical application of ALA to specific
lesions, the patient can be exposed Lo sunlight immediately
post-lrealment without danger of serious photatoxicity.
Also, lhe desimetry of the photoactivating light is greal
simplificd. Fourth, ALA is an cffective inducer ol PpIX
when piven by mouth, by topical application, or by injection.
1o contrast, HplX, HpD and Phololtin [T are cifcctive in most
gituations oaly when given by injection. The versatility of
ALA enhances its acceplability for rouline use hy the
medical profession, sinec the oral and topical roules of
administration are much more convenient than ihe
parcatcral, Fitth, the normal and abnormal lissucs that can
be photasensitized by the administralion ol ALA are some-
what difterent from those that can be photosensitized by the
adisinistration of HpIX, IpD or Photofrin 11, Consequently,
ALAwould be nsetul in clinical siwations in which the other
pholnsensitizers are not.

‘Thus the present wechnigue is oot meeely another way to
do what can be done alrcady but is, in fact, a significunl
advance in therapeulic capability,

Withoul further elabuoration, it is believed that one skilled
in the arl can, using lhe preceding deseription, utilize the
present invention Lo its [ulles! cxtenr o carrying oul Lthe
method ol this invention, the quantities of materials utilized
are not io themselves eritical and can be varied within the
scope and spirit of the invention. The fellowing cxamples
are mercly illustrative of preferred smbodiments and not
intended to be limitative of the remainder of he disclosure
i any way whatsoever.

EXAMPLE 1
Tomyg Term Pholodynmsic Lodametrial Ablation

Rats were divided Into 2 groups {6 and 7 rawsfgroup} and
their wtering horns were injected with 4 or 8 mp ALA
Example 1, of U8, application Ser. No. 08/082,113, liled
Juo. 21, 1993 [U.S, Pat, No. 5,422,093), was repcated with
the cxception that all rats were exposed 1o light and the time
rom ATA administratinn o breeding was exlended from
LO-20 days 10 60-70 days. All uther proccdures were
identical to Example 1.

Breeding 6070 days afler photodynamic treatment wilh
4 mg ALA resulted in e impluntations i the viering horns
teeated with ALA (n=6) whoreas feluses were found in all
contrel utcrine horns trealed with saling (0=6), These results
confirmed the lang term endumetrial ablative offect of PRT.
In the groups of rals (n=7) treated with ¥ mg ALA 2 of 7
became pregnanl in ATA ilreated utering homs compared
with 7 of 7 pregnancies in the saline treated horns.
Histology

In order to show normal uterine hisiology of 4 nonpreg-
nant wicrine horn contralateral 1o a prognant utcrine hom ooc
utering hora was ligated at s distal cod prior 1o breeding, At
pestation of 115 days nooprogoant utcrine horms woere
harvested and histologically processed. The uterine mucosa
wils lined with columnar epithelium and there was hyper-
traphic infalding ol endometrial tissue with torous glands.
ln conteast, prior photodynamic treatnent with ALA con-
sistently resulied in an atrophic cadometrium despile the
hormenal stimutus ol the contralateral pregnaney,

EXAMIMLE 2
The procedures ol Example 1 (U5, Pat. Ne. 5,122,093)
were repeated with 1, 2, 3, 4 and 5 Iour ineubation periods
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using a level of T mM of AlLA. No signilicant fluorescence
was observed i the myometrial samples or in 1he endome-
trial samples incubated for 2 hours, Maxiowm fluoresceucy
wits observed o the endometrial samples incubated for 4
Lowrs,

CXAMPLE 3

Godometrial Lluorescence in vivo follawing Topical
Application of ALA in the Non-human Primate

50 mg of ATA was wjected into the werius lomea of an
adult, hoalthy, femate thesus monkey following exposure of
the wtems at laparotomy. A bysterectomy wis perfarmed 3
hours later and cross sectional slices incorporating endome-
trial and myometrial tissue wers taken from the uferine
specimen. These slices wore subjected W eXamnination hy
Muorescenee microscopy as in Example 2 and 3 ahave.
Fluorescence was abserved throuphoot the cidamelrium of
ull slives. No Quoteseence was cbserved jo the myornelrivm.

|he ahave examples clearly {llustrae that cndometrial
ablation in & range ol animal species, includiug Inmans, by
photodynamic therapy using ALA can be achieved with litile
vt uo damage o the underdyiog mynmetrial lissucs,

EXAMPLE 4

Netection or Treatment of Yeast and Fung)
A In Vitra Smdies

(Jinical isolates of Camdida atbicams, Candide glabrata,
and Crypiacoccas peafiormans and environmental isolates of
Benicillium species, Aspergifluy niger, Aspergillus
fumidgatus, and Alteenaria species and Seccharamyces cerivi-
sina (hrewer’s yeast) oltained from the clinieal microbivl-
ogy laboratorics of Kingston General Hospilal, Kingston,
Omntario, Cavada wore used. The organizms were plated, and
during rapid growth were treated with vianioos coocentia-
tons uf ALA varying from 1 mM to LO0D mM by llooding or
by using, Jdiffusion wells in the agar, while the solales of
Penicillium and Aspergitlus were troated wilh 4064 or 80%
solutions of ALA in waler and the Fenicillivin specics,
Allernaria spocies, Aspergiitus niger and Aspergillus fumi-
gutus wore treated wilh 20% ALA in water via diffusion
willa, ‘Lreatment of the varions fungi resulted in tluores-
venee emvission peaks that showed Lhe characteristios of
PpIX. Positive PpIX accumulation occurred in hoth molds
and yeasts.

B. 1n Vivo Studies

‘The procedure of Ciger et al. Tnlection and Immunity 19
(2) 499-500 (Teb, LY7H) wus used with the following
madifications. A clinical specimen of € albicans was
replated in blood agar so 0 was actively growing and left at
ruuin empotature for 72 hous, The sample was suspeoded
in T8B 10 McFarland 0.5 turhidily after which & 1.0 ml
sumple was jnoculaled iote an agrobie culture bottle aod lefl
shaking for 24 hours on a 370 C rotar shaker. A L0 mlsample
was withdrawn and centrifuged ar 20,000 rpa for 10 min-
utcs to separale the cells from the media. The snpemale was
disearded and the pellet resuspendecd in 10 ml of 15R. Serial
dilusions (107 to 107) were made in amd replicated twice
on agar and lell w incubate for two days at 37° . The
MecFarland 1.0 sarple was centrifuged aned the pellet resus-
pended in 1O ml lmffer for injection.

Cu day zern an intracderioal injeetion of the C. afbicons
snspension (about 7xL0° organisms/ml saling) was made
intq the right Dank of 5 adult hairless wice, e amount was
just enough o make 2 small vesicle vider the skin. Tesions
farm by day 2. Later, some mive wore given a second
wjection oo the opposite side.
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Three hours prior o their sacrifice, the mice were given
240mp/kg ALA (10 mg/ml) by intraperitoneal injeetion,
wilh the exception aof mouse #3 which was used as a control.
Fluorescence cmission spectra on the Tive mice were taken
every 15 minutes {movsce #1 readinps cvery 20 minutes) for
3 hours after injection on cach lesion, and at various control
wicas of the mice—oeck slin flap and lateral side apposile
the lesion on maouse 5. Theee hours afler the injection of
ALA the mice were sucriliced and the lesions were cxeised,
The lesions in mice 1,23, and A were frozen in
2-methylbutane ¢ooled 10 Lthe lemperature of lguid nitrepea,
The Trozen lesions wore sectioned and slides were prepared
for speciral analysis or Nuorescenes microscopy, H and E
slaining lor histology, and Grocott silver stains tor fungi
identification,

Primacy and seeandary lesions showed increased PplX
accumulation relative o the control mice.

LXAMUTE 5
(1) Selective indvetion of the synthesis and accumulation of
protaporphyrin IX and/for other codogenous porphyring
within parasitcs in vivo or in vite,

Tn vivo—It the parasites in gquestion jovolve the skin,
aonjuncliva, vral mMUeoss, nasal mucosa, ansl mucosa, of
urothulium, ALA may be applicd directly 1o the surface of
the alfected tissue, If the parasites are logated at siles that are
nul suitable for topicu] application, 4n elfective amount of
ATA s administered systemically, either by mouth, by
subcttancous injection, or by intravenous injcction.

In vitro—The material suspectad of contalning parasiles
i% incubatcd under appropriate conditions in the presence of
an citective concentration (generally around 3 mM) ol ALA,

EXAMPLL 6

[n Viva Studies

The injection of an effective dose of 3-aminolevilinie
acid (ALA)Y o mice infecled with £ yoelii leads o (he
accumulativn of Quoreseing and photosensitizing coneen-
trations ol protoporphyrin within metsbolically aclive para-
sites. There s no sueh accumwlotion of proloporphyrin
within non-viable parasites, or within normal erythrocytes or
leukouytes, In parasilized erylhrocyles, the proteporphyrin
wecumnulation is Ioealized m the pamsile iselt.

Mutabolically active (viahle) mularial parasites can be
dislingyished readily feown parasites that are inaetive {dead),
sinee only parasites thal are metabolically active can syn-
thesize proloporphyrin, In addition, melabolically active
{viable) malarial parasites can be killed selcctively by
eAposing infected blood or cell suspensions (0o pholoactivat-
ing wavelengihs of light, This procedure canses no siphifi-
canl darnage 1o the secompauying normal erythrocyles aod
leukocyles, sinee they do not accumulale enough pratopor-
phyrin (0 beenme pholoseasiiized.

EXAMILE 7

Demonsiration, Quantification, aud Analysis ol ALA-
Iuduced Fhiorescence Witlhia Frythrocytes Parasitized by B
yoelit

Normal mice were given inlraperitoneal injections of
blood or splesn cells obtained from mnice wfected with &
yoelii, When the malaria was well established, some of the
infected mice were piven a single intraperitoneal injection of
250 mg of ALA por kg ol body weight. Contrals included
infecled mice thal were not piven AlA, and non-infocted
mice that were given/not given ATA.

At various inlervals therealter, suspensions of blood and/
or spleen cells wers cxamined by the following techuiques,

Fluarescence Micrnseopy: Red fluoreseence developed
within parasitized ceythroeytes of mice given ATA, but oot



