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PHOTODYNAMIC THERAPY IN SELECTIVE CELL INACTIVATION IN BLOOD AND
TREATING IMMUNE DYSFUNCTION DISEASES

Technical Field

The invention relates to photodynamic methods for
selectively depleting blood or bone marrow of cells important in
the progress of certain diseases. More specifically, it
concerns methods for selectively reducing the population of
activated leukocytes in the blood or bone marrow of subjects
with immune dysfunctional disorders, such as patients with
autoimmune diseases or patients infected with HIV. Even more
specifically, it concerns methods for treating specific
autoimmune diseases such as multiple sclerosis and rheumatoid
arthritis using photodynamic therapy.

Background Art

The immunodisturbances caused by the human
immunodeficiency virus have been studied, but the nature of the
progress of the disease is still uncertain. However, it has
been shown that HIV-infected humans have circulating cytotoxic
T-lymphocytes that lyse uninfected CD4* cells. 2Zarling et al.,
J. Immunol., 144:2992 (1990). It is also generally understood
that infection with HIV, while depleting the levels of CD4*
cells, enhances the levels of CD8*, DR*, and IL-2R* leukocytes.
IL-2R* is considered an activation marker, and DR* is an HLA
marker. These may be present on cells with additional markers
such as CD4* and CD8*.

One approach to interfering with the progress of this
infection, and the resultant immunosuppression, employs
strategies to alter the composition of the blood with respect to
various components of the immune system. In one attempt to
achieve this, U.S. Patent No. 4,960,408 discloses a process of
treating a subject having AIDS-related complex systemically with
psoralen, and then extracorporeally treating the T-lymphocytes
with ultraviolet radiation having a wavelength absorbed by the
psoralen compound. The irradiated T-cells are then returned to
the subject. This treatment apparently enhances the levels of
CD3*, CD4*, and CD8*' cells, although not in a uniform fashion.
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Photodynamic therapy generally involves the
administration of a photoactive agent, permitting the agent to
home to cells or tissues whose destruction is sought, and
irradiating the cell or tissue with light absorbed by the
photoactive agent. 1In theory, the excited photoactive agent, in
decaying to its ground state, generates substances, putatively
singlet oxygen, which are toxic to the proximal cells or
tissues. ‘

Photodynamic therapy was initially applied to the
treatment of tumors in humans and animals. A number of classes
of photoactive agents have been described, including psoralens,
which are activated by UV light, various hematoporphyrin
derivatives which are activated by visible light, and other
aromatic systems such as phthalocyanines and modified porphyrins
such as chlorins. In addition, U.S. Patent No. 5,095,030,
issued 10 March 1992, which is incorporated herein by reference
in its entirety, discloses and claims various wavelength-
specific cytotoxic agents that are generically described as
"green porphyrins." These compounds are porphyrin derivatives
that are modified by a Diels Alder reaction to shift the
wavelength of absorption effectively to a longer wavelength.
This results in some favorable properties as compared with, for
example, hematoporphyrin derivative, when these compounds are
employed in photodynamic therapy generally. As described in
this patent, these cytotoxic agents, generally called BPDs,
absorb visible light at wavelengths which minimize interference
by surrounding tissue with the incoming irradiation.

In addition to treatment of tumors and malignancies,
photodynamic therapy has been suggested for disrupting
atherosclerotic plaques, and for ridding blood supplies of
pathogenic agents. In general it was considered that the
photoactive agent would be selectively attracted to or retained
in the unwanted cells or tissue, as compared to normal cells or
tissue and the selectivity of the protocol has been based partly
on this feature of the photoactive agents and partly on the
focusing of the location at which the visible or UV light is
applied.

It has now been found possible to diminish selectively
the levels of activated leukocyte subsets that are associated
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with HIV infection or other immune dysfunctions using a
photoactive agent, particularly the green porphyrin compounds
described above. This depletion can be effected without side
effects on the normally functioning B cell, CD4* cell, CD8* cell
or NK cell populations. Either leukocytes after separation from
red blood cells or whole blood can be treated using the method
of the invention.

It has now also been found that two specific
autoimmune diseases, multiple sclerosis and rheumatoid
arthritis, are verified to respond to photodynamic therapy, not
only with respect to use of green porphyrins as photoactive
agents, but utilizing photodynamic therapeutic agents generally
as well.

Disclosure of the Invention

The invention provides a method to lower selectively
the population of activated leukocytes in subjects showing
elevated levels of leukocyte activation markers. The method of
the invention involves treating a body fluid, such as bone
marrow, blood, or an appropriate fraction thereof, with a
specific class of compounds useful in photodynamic therapy,
followed by irradiating the blood or fraction with light having
at least one wavelength absorbed by the photoactive compound.
The treatment can be conducted jin vivo, entirely
extracorporeally, or partially in vivo and partially ex vivo.

Thus, in one aspect, the invention is directed to a

method to reduce selectively the activated leukocyte population
in the body fluid of a subject in need of such reduction, which
method comprises:

(1) treating the body fluid, or an activated
leukocyte-containing fraction thereof, with an
effective amount of a photoactive compound, such
as a green porphyrin (Gp) compound; and

(2) irradiating the treated body fluid with light
comprising at least one wavelength absorbed by
the photoactive compound.

In another aspect, the invention is directed to a

method to treat an HIV-infected patient or other immune
dysfunctional patient, which method comprises treating at least
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a portion of the patient’s body fluid, or fraction thereof
containing cells to be depleted, with an effective amount of the
photoactive compound, followed by irradiation.

In still other aspects, the invention is directed to
leukocyte-activated blood, plasma, or other sub-fraction, that
has been depleted of activated leukocytes, HIV-infected cells,
or free HIV.

The invention also provides methods for the treatment
of multiple sclerosis and rheumatoid arthritis. The methods
employ techniques generally used in photodynamic therapy;
photoactive compounds are administered and allowed to distribute
systemically; the subject is then irradiated with light absorbed
by the photoactive compound.

Thus, in one aspect, the invention is directed to a
method to ameliorate the symptoms of multiple sclerosis or
rheumatoid arthritis which method comprises administering to a
subject in need of such amelioration an amount of a photoactive
compound effective to distribute in said subject;

allowing said distribution to occur; and

irradiating the subject with light absorbed by said
photoactive compound at an intensity sufficient to activate said
photoactive compound to effect its toxicity.

Brief Description of the Drawings

Figures 1A and 1B show the effect of Gp and
irradiation on various subsets of leukocytes having various
markers including B cells, CD4* cells, CD8' cells, DR' cells, and
IL-2R* cells in blood from two HIV-infected patients.

Figure 2 shows the relative concentrations of the
subsets of leukocytes in blood from a normal donor and from two
HIV-infected patients.

Figure 3A and 3B show the relative concentrations of
subsets of leukocytes in blood from a normal donor and an HIV
donor, respectively, before and after treatment with BPD and
irradiation.

Figure 3C shows the levels of IL-2R* cells,
specifically before and after treatment with BPD and
irradiation, both in normal and HIV-infected subjects.
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Figure 4 shows the inactivation of cell-associated HIV
by treatment with BPD and irradiation.

Figure 5 shows the generic structures of the various
green porphyrins useful in the invention.

Figure 6 shows the structures of preferred green
porphyrins, specifically BPD-MA, BPD-MB, BPD-DA and BPD-DB.

Figure 7 is a graph contrasting the disease severity
in PDT-treated and untreated mice after induction of
experimental allergic encephalomyelitis (EAE).

Figure 8 is a graph showing the effect of transdermal
PDT on induction of EAE in mice.

Figure 9 is a graph showing the effect of PDT using
liposomal BPD-MA on the incidence of collagen-induced arthritis
in mice.

Figure 10 shows results of similar treatment conducted
at a different time in the model.

Modes of Carrying Out the Invention

The methods of the invention also comprise the
treatment of a body fluid, such as bone marrow, blood, or
appropriate fractions thereof, containing abnormally elevated
levels of endogenous, or infected endogenous, cells with a
photoactive compound such as green porphyrin compound, followed
by irradiation of the body fluid or fraction with light absorbed
by the photoactive compound. The method of the invention can be
conducted in a variety of protocols. The two most important
elements are assuring (1) that the photoactive compound is
associated with the cells whose populations are to be diminished
and (2) that the photoactive compound associated with these
cells is irradiated with the appropriate wavelength. As used
herein, "body fluid" refers to body fluids that contain elevated
levels of activated leukocytes or other cells, such as HIV-
infected cells, to be depleted. Such body fluids typically
include bone marrow, blood, and fractions thereof.

While bone marrow can be used as the substrate for the
method of the invention, the use of the patient’s blood is often
more convenient. Thus, in one protocol, whole blood is
withdrawn from the subject and treated with a suitable
concentration of the photoactive compound for a time period
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sufficient to permit the compound to be associated with the
desired target cells. The whole blood can be irradiated with
the appropriate wavelength of light in the extracorporeal
container or apparatus, and then the treated and irradiated
blood can be returned to the patient.

The blood withdrawn from the patient can also be
separated into fractions, typically into a red blood cell
fraction and a leukocyte-enriched plasma fraction. The
leukocyte-containing plasma is usually treated with a
photoactive compound and irradiated before returning the plasma
and the red blood cells (if desired) to the patient’s body. Of
course, the separation into fractions can be conducted at any
point during the extracorporeal treatment, so that the
photoactive compound could also be added to the whole blood
prior to being separated into red blood cells and leukocyte-
enriched fractions, and then only the leukocyte-enriched
fraction would typically need to be irradiated.

Alternatively, the photoactive compound, or a mixture
thereof, can be administered systemically to the patient in
suitable formulations, typically by injection, but also by other
routes of administration, such as oral administration or
transmucosal administration. Once the photoactive compound has
been given sufficient time to enter the bloodstream, a suitable
radiation source can be applied to the body of the patient. For
example, a catheterized fiberoptic device may be inserted into
suitable positions in the bloodstream, or an external
transdermal light exposure may be employed. The blood or other
body fluid can thus be irradiated jin vivo.

Suitable subjects for this treatment of the invention
include HIV-infected patients who have been shown to have
elevated levels of activated leukocytes, such as DR* and IL-2R*
cells, in their blood. These levels can be diminished
selectively by the method of the invention. Other patients who
are expected to show elevated levels of these cells include
patients showing unwanted immunoactivation generally, such as
those subject to graft-versus-host disease or organ transplant
rejection as a result, for example, of organ or bone marrow
transplantation. For transplantation, either fluids from the
donor organ or fluids from the patient recipient may be treated.



10

15

20

25

30

35

WO 96/09068 PCT/CA95/00543

-7 -

Other potential subjects are those who show autoimmune
conditions such as rheumatoid arthritis, lupus erythematosus,
muscular dystrophy, or myasthenia gravis.

Typically, the photoactive agent is administered in
such a way as to result in final concentration in the fluid or
fluid fraction to be treated of about 0.05-5 pug/ml, preferably
about 0.1-1 pg/ml and, most preferably, about 0.5 pug/ml. The
treated fluid or fluid fraction is then irradiated with light
from any suitable source, such as a laser diode, a light-
emitting diode, fiberoptic-conducted laser light, and the like.

Typical wavelengths are in the range of about 600-790
nm, preferably about 630-710 nm and, most preferably, about 790-
780 nm. Typical intensities are on the order of about 1-50
J/cm?, preferably about 5-25 J/cm? and, most preferably, around
8-15 J/cm?’. For these intensities, a wavelength range of about
785-695 nm is preferred.

Irradiation is usually continued for about 2-180
minutes, preferably about 15-120 minutes, depending upon the
nature and concentration of the photoactive agent, the amount of
fluid being treated, the susceptibility of the patient’s cells
to treatment, the intensity and wavelength of the light, and the
method of irradiation (in vivo or ex vivo). Suitable
optimization of the concentration of photoactive compound and
irradiation parameters is well within ordinary skill.

In one embodiment, the invention provides protocols
for ameliorating the symptoms of and generally treating the
conditions of multiple sclerosis and rheumatoid arthritis in
afflicted subjects. The examples below verify that photodynamic
treatment of these conditions is successful. Widely recognized
model systems for each of these conditions show successful
responses. The parameters described in these illustrations
permit designs of successful protocols for human subjects who
are to be treated for the conditions that are mimicked by the
exemplified models.

In further detail, photoactive agents that are useful
in the invention include any compound, preferably an organic
compound, that exhibits a selective cytotoxic effect when
activated by exposure to electromagnetic radiation, preferably
that radiation having a wavelength in the ultraviolet or visible
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range. It is believed that the activating irradiation excites
one or more oxygen atoms in the molecule to form a singlet
oxygen state. The excited, singlet oxygen exists only for a
short time, but long enough to attack the cell walls of target
cells and thus cause the selective necrosis of target, leukocyte
cells.

For example, psoralens are activated by UV light, and
various hematoporphyrin derivatives are activated upon
irradiation with visible light. Other photoactive agents
include phthalocyanines and modified porphyrins such as
chlorins. Particularly preferred photoactive agents, however,
include the green porphyrin compounds ("Gp compounds"),
especially the structures shown in Figure 5, and even more
particularly, the structures shown in Figure 6.

The Gp compounds of the invention are selected from a
group of porphyrin derivatives obtained by Diels-Alder reactions
of acetylene derivatives with protoporphyrin under conditions
which effect a reaction at only one of the two available
conjugated, nonaromatic diene structures present in the
protoporphyrin-IX ring system (rings A and B). The formulas
shown in Figure 5 represent typical Gp compounds of the
invention. These compounds are shown in Figure 5 with hydrogen
occupying the internal ring nitrogens. However, it is
understood that the metalated forms, wherein a cation replaces
one or both of these hydrogens, can also be employed. It is
also understood that these compounds can be labeled either by
replacement of one or more of the atoms in the structure by its
radioactive form, or by coupling to a radioisotope such as a
radioactive metal or, for example, a radioisotope of iodine.

For convenience, an abbreviation of the term hydro-
monobenzoporphyrin derivative--"BPD"--is generally used to refer
to the Gp compounds of formulas 3 and 4 of Figure 5. BPD’s are
particularly preferred forms of the Gp compounds of the
invention. Furthermore, dimeric forms of Gp compounds can be
provided, thus amplifying the ability of the Gp compound to
absorb light on a per mole basis. Dimeric and multimeric forms
of Gp/porphyrin combinations can also be employed, providing
additional absorption wavelengths.
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The modified porphyrins referred to as Gp compounds
herein can be conjugated to specific ligands reactive with a
target, such as receptor-specific ligands, immunoglobulins, or
immunospecific portions of immunoglobulins, permitting them to
be even more concentrated in a desired target tissue or
substances. This conjugation also permits further lowering of
the required dose levels, since the material is not then wasted
by distribution into other tissues whose destruction, far from
being desired, must be avoided.

When the Gp compound is irradiated in situ using light
in the visible absorption range, photoactivation results in
cytotoxicity to the surrounding tissue. While the absorption
spectrum also includes shorter wavelengths, there is an
especially useful absorption maximum in the 670-780 nm range.

In general, the position of wavelength absorption is
achieved by effectively saturating one of the two w-bonds in
one, but not two, of the four pyrrole rings that constitute the
typical porphyrin system. In protoporphyrin-IX, two of the
pyrroles contain vinyl substitutions, such that the exocyclic
m-bond is conjugated to one of the two m-bonds in the ring. A
Diels-Alder reaction involving one of these conjugated systems
with an acetylene derivative dienophile results in a fused
cyclohexadiene--referred to herein as "hydrobenzo"--being fused
to the A or B ring, as shown in formulas 1 and 2 of Figure 5.
Rearrangement of the 7 system in the hexadiene ring results in
the compounds of formulas 3 and 4, and reduction provides the
compounds of formulas 5 and 6, of Figure 5. All of these
compounds provide a desired bathochromic shift in absorption
maximum.

Specific preparations of the Gp compounds particularly
useful in the invention are described in detail in the above-
referenced U.S. patent 5,095,030, which is hereby incorporated
by reference.

For the compounds shown in Figures 5 and 6, generally,
R! and R? are each, independently, moderate electron-withdrawing
substituents, and are, most commonly, carbalkoxy, or alkyl or
aryl sulfonyl, or any other activating substituents, which are
not sufficiently electron-withdrawing to result in reaction with
both the A and B rings rather than reaction with only one, such
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as cyano or -CONR’CO- wherein R’ is aryl or alkyl. One of R' and
R? may optionally be H, while the other is an electron-
withdrawing substituent of sufficient strength to facilitate the
Diels-Alder reaction.

As used herein, carboxy is, as conventionally defined,
-COOH; carbalkoxy is -COOR wherein R is alkyl; carboxyalkyl
refers to the substituent -R’-COOH wherein R’ is alkylene; and
carbalkoxyalkyl refers to -R’-COOR wherein R’ and R are alkylene
and alkyl respectively. Alkyl refers to a saturated straight-
or branched-chain hydrocarbyl radical of 1-6 carbon atoms such
as methyl, n-hexyl, 2-methylpentyl, t-butyl, n-propyl, and so
forth. Alkylene is the same as alkyl except that the group is
divalent. Aryl or alkyl sulfonyl moieties have the formula SO,R
wherein R is alkyl, as defined above, or is aryl wherein aryl is
phenyl, optionally substituted with 1-3 substituents
independently selected from halo (fluoro, chloro, bromo or
iodo), lower alkyl (1-4C) and lower alkoxy (1-4C). In addition,
one or both of R! of R? can itself be aryl, i.e., phenyl,
optionally substituted as defined above.

As shown in Figure 5, the adduct formed by the
reaction of R'-C=C-R? with the protoporphyrin-IX ring system
(where R?® is a protected form of 2-carboxyethyl, such as
2-carbomethoxyethyl or 2-carboethoxyethyl; and R* is -CH=CH,) are
compounds of formulas 1 and 2. The compound in formula 1
results from addition to the A ring, and formula 2 results from
addition to the B ring. 1In these resulting products of formulas
1 and 2, R* remains -CH=CH,. However, this vinyl group is
readily derivatized to other embodiments of R* by addition to, or
oxidation of, the vinyl ring substituent of ring B in formula 1
or ring A in formula 2. These addition or oxidation products
can be further substituted if the added substituents are
functional leaving groups. For example, -Br may be substituted
by -OH, -OR (where R is alkyl 1-6C, as above), -NH,, -NHR, -NR,,
etc. In a preferred embodiment, however, one of the added
substituents is hydrogen, and the other is selected from the
group consisting of halo (fluoro, chloro, bromo or iodo),
hydroxy, lower alkoxy, amino or amido, and sulfhydryl or other
organo-sulfide group, or can be itself hydrogen. Addition to
the vinyl group does not appreciably change the absorption
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spectrum of the resulting compound. For example, the product of
the Markovnikov addition of water provides a substituent
structure analogous to that of the hematoporphyrin ring system
at the relevant ring. Thus, the compounds of the invention
include various groups as R, including substituents which
provide additional porphyrin or porphyrin-related ring systems,
as will be further described below.

R’ in protoporphyrin-IX is 2-carboxyethyl (-CH,CH,COOH) .
However, the nature of R® (unless it contains a w-bond conjugated
to a ring w-bond), is ordinarily not relevant to the progress of
the Diels-Alder reaction or to the effectiveness and absorption
spectrum of the resulting product. R® can thus be, for example,
lower alkyl (1-4C), l-carboxyalkyl (2-6C), or the esters or
amides thereof. The R?® substituent may also be substituted with
halogen as defined above, or with other nonreactive
substituents. However, particularly convenient starting
materials for the Gp compounds of the invention are the
naturally-occurring porphyrins, preferably wherein R} is
-CH,CH,COOH or -CH,CHR,COOR where R is alkyl (1-6C).

In the BPD compounds of the invention, it has been
found advantageous to hydrolyze or partially hydrolyze the
esterified carboxy group in -CH,CH,COOR. The hydrolysis occurs
at a much faster rate than that of the ester groups of R' and R?,
when present, and the solubility and biodistribution
characteristics of the resulting compounds are typically more
desirable than those of the unhydrolyzed form. Hydrolysis
results in the diacid or monoacid products (or their salts).

The hydro-monobenzoporphyrins that result directly
from the Diels-Alder reaction described in the above-cited
references can also be isomerized to compounds having formulas
shown as formulas 3 and 4 of Figure 5.

The depictions of formulas 3 and 4 in Figure 5 do not
show the relative position of the exocyclic methyl group (ring A
of formula 3 and ring B of formula 4) with respect to the R?
substituent. Either isomer is available.

In addition, the Diels-Alder products can be
selectively reduced, for example, by treating with hydrogen in
the presence of palladium on charcoal, to give the saturated
ring analogs, shown as formulas S and 6 in Figure 5, which
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correspond to the respective Diels-Alder products of rings A and
B. These reduced products are generally less preferred
embodiments and are generally less useful in the method of the
invention than the compounds of formulas 1-4.

The description set forth above with respect to
derivatization of compounds of formulas 1 and 2 by converting
the remaining vinyl substituent (R*) and with respect to the
variability of -R® applies as well to the compounds of formulas
3, 4, 5 and 6.

The compounds of formulas 3 and 4 (BPD’s), and
especially those that have hydrolyzed and partially hydrolyzed
carbalkoxy groups in R}, are most preferred. Compounds of the
invention that contain a -COOH group may be prepared either as
the free acid or in the form of salts with organic or inorganic
bases.

It will be noted that many of the compounds of Figure
5 contain at least one chiral center and, therefore, exist as
optical isomers. The conjugates and methods of the invention
include compounds having both configurations of the chiral
carbons, whether the compounds are supplied as isolates of a
single stereoisomer or as mixtures of enantiomers and/or
diastereomers. Separation of mixtures of diastereomers may be
effected by any conventional means. Mixtures of enantiomers may
be separated by the usual techniques of reacting with optically
active preparations and separating the resulting diastereomers.

It should further be noted that the reaction products
may be unseparated mixtures of A and B ring additions, e.g.,
mixtures of compounds having formulas 1 and 2, or 3 and 4, or 5
and 6. Either the separated forms, i.e., formula 3 alone or 4
alone, or the mixtures in any ratio, may be employed in the
methods of therapy and diagnosis set forth herein.

Figure 6 shows four particularly preferred compounds
of the invention, which have not been previously described in
the art. These compounds are collectively designated
benzoporphyrin derivatives (BPD’s) as they are forms of Gp
compounds having the formula 3 or 4. These are hydrolyzed or
partially hydrolyzed forms of the rearranged products of
formulas 3 and 4, wherein one or both of the protected carboxyl
groups of R® are hydrolyzed. The ester groups at R!' and R?
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hydrolyze relatively slowly, such that conversion to the forms
shown in Figure 6 is easily effected.

For purposes of this description, R® is -CH,CH,COOR¥.
As shown in Figure 6, in a preferred compound of formula BPD-DA,
each RY is H, R! and R? are carbalkoxy, and derivatization is at
ring A. The preferred BPD-DB compound is the corresponding
compound wherein derivatization is at ring B. BPD-MA represents
a partially hydrolyzed form of BPD-DA, and BPD-MB, the partially
hydrolyzed form of BPD-DB. Thus, in these latter compounds, R
and R? are preferably carbalkoxy, one R¥ is preferably H and the
other R¥ is preferably alkyl (1-6C). The compounds of formulas
BPD-MA and BPD-MB may be homogeneous, wherein only the C ring
carbalkoxyethyl or only the D ring carbalkoxyethyl is
hydrolyzed, or may comprise mixtures of the C and D ring-
substituent hydrolyzates. 1In addition, mixtures of any two or
more of BPD-MA, -MB, -DA and -DB may be employed in the method
of the invention.

Certain other embodiments wherein R* is other than
vinyl, or wherein R’ is a non-native substituent, are also
intended to be included in the description of Gp compounds
useful in the invention.

Generally, each R! and R? is independently selected
from the group consisting of carbalkoxy (2-6C), alkyl (1-6C)
sulfonyl, aryl (6-10C) sulfonyl, aryl (6-10C); cyano; and
-CONR’CO- wherein R® is aryl (6-10C) or alkyl (1-6C);

each R® is independently alkyl (1-6C), carboxyalkyl
(2-6C), or a salt, amide, ester or acylhydrazone thereof; and

R* is -CHCH,, -CH,0RY, -CHO, -COORY, -CH(ORY)CH;,

-CH (OR*) CH,0R*, -CH(SR*)CH;, -CH(NR¥;)CH,, -CH(CN)CH,,

-CH (COOR*) CH;, -CH(COOCRY)CH;, -CH(halo)CH,;, or -CH(halo)CH,(halo),
wherein RY is H or alkyl (1-6C), optionally substituted with a
hydrophilic substituent, or

wherein R* is an organic group of <12C resulting from
direct or indirect derivatization of vinyl, or

wherein R' is a group containing 1-3 tetrapyrrole-type
nuclei of the formula -L-P as herein defined.

Compounds of formulas 3 and 4 of Figure 5 and mixtures
thereof are particularly preferred. Also preferred are those
wherein R! and R? are the same and are carbalkoxy, especially
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carboethoxy. Also preferred are those wherein R* is -CHCH,,
-CH(OH)CH,;, -CH(halo)CH,;, or a group containing 1-3 tetrapyrrole-
type nuclei of the formula -L-P (defined below).

As used herein, "tetrapyrrole-type nucleus" represents
a four-ring system of the skeleton:

Me
Me

vhich 1is o e
abbreviated G
Me Me ‘II'

CO,H CO,H

or a salt, ester, amide or acylhydrazone thereof, which is
highly conjugated. It includes the porphyrin system, which is,
in effect, a completely conjugated system; the chlorin system,
which is, in effect, a dihydro form of the porphyrin; and the
reduced chlorin system, which is a tetrahydro form of the
completely conjugated system. When "porphyrin" is specified,
the completely conjugated system is indicated. A "Gp compound"
effectively denotes a dihydro form of the porphyrin system.

In one embodiment, the substituent R* includes at least
one additional tetrapyrrole-type nucleus. The resulting
compounds of the invention are dimers or oligomers in which at
least one of the tetrapyrrole-type ring systems is a Gp
compound. Linkage between the Gp moiety through the position of
R* to an additional tetrapyrrole-type ring system may be through
an ether, amine or vinyl linkage. Additional derivatives of
porphyrin ring systems that have two available substituent
positions (in both A and B rings) corresponding to R‘ can also be
formed, as further described below.

As stated above, the compounds having the formulas of
Figure 5 include those wherein R' is formed by addition to the
vinyl groups of the initial Gp compound. Thus, R' can be any
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substituent that is formed by a facile addition reaction.
Therefore, both added substituents can be, for example, -OH or
halo, and these substituents can be further substituted.
Alternatively, the addition reagent may be of the form HX
wherein H is added to the ring-adjacent carbon to provide an R*
of the formula

-CH,CH,

X.

The vinyl group can also be oxidized to obtain R! as
-CH,0H, -CHO, or -COOH and its salts and esters.

Thus, in general, R* represents any substituents to
which the vinyl group -CH=CH, is readily converted by cleavage or
addition reactions, and further resultants of reacting leaving
groups with additional moieties. Typical R* substituents
include: -CH(NH,)CH,;, -CH(imidazole)CH,,

—CcH-NHCO—~(O)-NO,
|

CH,

—CH NHCO

N
—CH-NHCO—@|
. i S(CH.L.OH
i J S(CH,),0

-CH(OH) CH,;, -CHBrCH;, -CH(OCH,)CH,;, -CH(pyridinium bromide)CH;,,
-CH(SH)CH; and the disulfide thereof, -CHOHCH,0OH, -CHO, -COOH and
-COOCH,.

When R! is -L-P, the substituent formula "-L-P"
represents a substituent wherein -L- is selected the group

consisting of
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-CH-0-CH-, -CHNHCH-, -CH=CH-CH-,
(|3H3 l:n3 |CH3 cI:H3 CH,
(a) (b) (c)
S -CH-CH=CH-, =CH-CO-CH-, and -CH-CO-CH=
b, b, b,
(d) (e) (£); and

and P is selected from the group consisting of Gp wherein Gp has

10 one of the formulas 1-6 shown in Figure 5, but lacks R? and is
conjugated to L through the position shown in Figure 5 as
occupied by RY, and a porphyrin of the formula

®'—-4 or Ré)_.__@

|
r3 r3 3 k3

wherein R? and R? are as defined above, and the unoccupied bond
is then conjugated to L. It is understood that the abbreviation

15 represents a porphyrin of the formula:
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wherein each R is independently H or lower alkyl (1-4C).
(It is also understood that when -L- is of the formula

(e) or (f), the ring system to which the double bond is attached
will have a resonance system corresponding to

5 in the ring to which the double bond is attached, as shown.)
The dimers and oligomeric compounds of the invention
can be prepared using reactions analogous to those for
dimerization and oligomerization of porphyrins per se. The Gp
10 compounds or green porphyrin/porphyrin linkages can be made
directly, or porphyrins may be conjugated first, followed by a
Diels-Alder reaction of either or both terminal porphyrins for
conversion to the corresponding Gp compound.
For treating subjects, especially human subjects, who
15 exhibit symptomologies of multiple sclerosis, a photoactive
compound, such as green porphyrin compounds or mixtures thereof,
is administered systemically, typically by injection. Injection
may be intramuscular, intravenous, subcutaneous,
intraperitoneal, or any other recognized route of injection.
20 Other means of systemic administration may also be used. For
example, transmucosal administration is effected using
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excipients such as bile salts or fusidic acid salts.

Transdermal and oral routes of administration with appropriate
formulations are also available. However, injection, especially
injection in the form of a liposomal composition, is preferred.

The amount of photoactive compound to be administered
depends on the condition of the patient, the judgment of the
physician, the stage of the condition, the route of
administration, and, of course, the nature of the photoactive
agent. For typical hematoporphyrin derivative-type photoactive
agents, in particular porfimer sodium, suitable dosage ranges
are of the order of 0.01-30 mg, preferably 0.1-5 mg, per
kilogram body weight. For representative green porphyrins, such
as BPD-MA, typical dosage ranges are 0.005-5 mg, preferably
0.05-1 mg, per kilogram body weight. These dosage ranges are
merely typical and not intended to define outer limits. The two
photoactive compounds exemplified are nontoxic and can be
tolerated well by subjects.

The formulation employed will vary with the mode of
administration -- for injection, typical preparations contain
physiological saline, buffers, and, other excipients. Liposomes
or other lipocomplexes are preferred. Suitable formulations for
administration of therapeutic agents in general may be found in
Remington's Pharmaceutical Sciences, latest edition, Mack
Publishing Company, Easton, PA.

Administration of the photoactive agent may begin as
soon as the condition of multiple sclerosis in the subject is
verified. Typically, in response to early symptomology such as
tingling in the extremities, the subject is diagnosed through a
CAT scan and verified to have this condition. Either a single
administration or repeated administrations prior to a particular
treatment with light may be used. If repeated administrations
are employed, they are generally within approximately 30 minutes
of each other so as to permit the repeated administrations to
behave collectively as at time zero. However, a single
administration is preferred.

The photoactive agent is then permitted to distribute
in the subject. By "distribute" is meant that sufficient time
is permitted to elapse so that the photoactive agent is no
longer localized at the site of administration. Since
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transdermal illumination will often be used, it is preferable to
wait until the photoactive agent has mostly cleared the skin but
to administer the light treatment before the systemic levels of
the photoactive compound have been cleared.

As explained above, while it was originally believed
that the photoactive agent should be permitted to clear normal
tissue and to accumulate in unwanted cells or tissues prior to
irradiation, it has been found, as described in U.S. Serial
Number 07/979,546, incorporated herein by reference, that
shorter intervals are sufficient to permit sufficient
distribution to effect photodynamic therapy. Thus, in the
present application, the time required for the photoactive agent
to distribute in the subject is expected to be about 4-7 hours.
In general, the photoactive agent increases in concentration in
the skin over a period of 30 minutes-2% hours and reaches a
maximum at about 3 hours. Substantial amounts clear the system
by 7 hours after administration. Thus, an ideal time for
irradiation with light is in the range of 4-7 hours after
administration of the drug.

After distribution has occurred, the subject is
irradiated with light which comprises wavelengths that are
absorbed by the photoactive agent. The patient may be subjected
to transdermal radiation. The absorption spectra of the
photoactive agents will be informative as to which wavelengths
to employ. The intensity required depends on the width of the
wavelength band but typical intensities are of the order of 1-
500 J/cm?, preferably about 5-250 J/cm?! and most preferably
around 10-50 J/cm’. The irradiation is continued for about 2-180
minutes, preferably about 15-120 minutes depending on the nature
and concentration in the blood stream of the photoactive agent
and the susceptibility to the treatment.

Generally, subjects who show evidence of multiple
sclerosis, and other immune dysfunctions, may be treated once or
several times with a photodynamic treatment which consists of
administration of the photoactive agent, allowing for
distribution of the photoactive agent, and irradiating the
subject. The subjects are monitored for the effects of
photodynamic therapy on the condition and re-subjected to this
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therapy when needed. When the condition is multiple sclerosis,
such monitoring is most conveniently conducted using CAT scans.

As an alternative to administering the photoactive
agent systemically and providing transdermal irradiation, the
blood stream of the patient can be treated extracorporeally.
Either whole blood or a suitable fraction, e.g., the plasma, can
be treated. In that event, the photoactive agent is
administered so as to result in a final concentration in the
fluid to be treated appropriate to the photoactive agent used.
For BPD-MA, for example, typical concentrations are about 0.05-5
pg/ml, preferably about 0.1-1 pug/ml and most preferably about
0.5 pug/ml. Under these circumstances, no time for distribution
of the photoactive agent is required. The fluid is then
irradiated with light from any suitable source such as laser
diode, a light-emitting diode, fiber-optic conducted laser light
and the like. The wavelength, as above, depends on the
absorption spectrum of the photoactive agent and the light
intensities are as described above. Generally, irradiation is
continued for time periods similar to those for transdermal
radiation.

As stated above, only the relevant fraction of the
blood need be treated. Fractionation can be conducted at any
stage of the process. Thus, the photoactive agent could be
added to whole blood, the blood then fractionated, and the
relevant fraction irradiated. Alternatively, the blood could be
fractionated first, the photoactive compound then added, and
that fraction treated with light. Either the fraction or
restored whole blood can be returned to the patient. 1In
general, the suitable fraction will contain the white blood
cells. 1In a typical procedure, therefore, only the plasma need
be treated and returned.

Thus, a typical protocol for treatment of a subject
with multiple sclerosis would comprise the following steps:
about 35 mg BPD-MA formulated as a liposomal preparation is
injected i.v. to a subject exhibiting the symptoms of multiple
sclerosis. The subject is then irradiated at one of two time
points: "early treatment" is performed at about 0.5 to 2.5 hours
and "late treatment" is performed at about 5-7 hours post-
injection. The subject is irradiated with red light at a
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wavelength of 690 nm + 10 nm for about 30 minutes. For early
treatment the intensity is between about 10-50 J/cm?, more
preferably about 15-25 J/cm?, most preferably about 20 J/cm?’.

For late treatment, the intensity is between about 150-250 J/cm?,
more preferably about 200 J/cm’. The patient is then monitored
for the results of the photodynamic therapy.

For treatment of rheumatoid arthritis, similar
parameters are significant. The model in Example 2 below is
predictive of the behavior of rheumatoid arthritis in humans.
In connection with this condition, either systemic or localized
treatment may be employed. Systemic treatment generally is
productive in attacking the disease as a whole, whereas local
treatment of the joints addresses the symptoms.

For systemic treatment, typically injection is
employed. Injection may be intramuscular, intravenous,
subcutaneous, intraperitoneal, or any other recognized route of
injection. Other means of systemic administration including
oral, transmucosal and transdermal as described above, can be
employed. For local administration, the photoactive compound
can be injected directed into the affected joints. The amount
of photoactive compound to be administered depends on the
condition of the patient, the judgment of the physician, the
stage of the condition, the route of administration, and, of
course, the nature of the photoactive agent. For typical
hematoporphyrin derivative-type photoactive agents, in
particular porfimer sodium, and for representative green
porphyrins, such as BPD-MA, suitable dosage ranges are of the
same order as described above for treatment of multiple
sclerosis. The formulation employed will vary with the mode of
administration -- for injection, typical preparations contain
physiological saline, buffers, and when injection is employed as
a route of administration, formulations which include liposomes
or other lipocomplexes are preferred. Suitable formulations for
administration of these therapeutic agents may be found in
Reminaton’'s Pharmaceutical Sciences, latest edition, Mack
Publishing Company, Easton, PA.

Administration of the photoactive agent may begin as
soon as the condition of rheumatoid arthritis in the subject is
verified. As above, either single administration or repeated
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administrations prior to a particular treatment with light may
be used. In general, for systemic administration, a single
administration of the photoactive agent is preferred. For local
injection, repeated administration of a photoactive agent at
closely proximal times may be required.

If systemic administration is employed, the
photoactive agent is then permitted to distribute in the
subject. By "distribute" is meant that sufficient time is
permitted to elapse so that the photoactive agent is no longer
localized at the site of administration. As explained above,
while it was originally believed that the photoactive agent
should be permitted to clear normal tissue and to accumulate in
unwanted cells or tissues prior to irradiation, it has been
found, as described in U.S. Serial Number 07/979,546,
incorporated herein by reference, that shorter intervals are
sufficient to permit sufficient distribution to effect
photodynamic therapy. If transdermal irradiation is utilized,
the time periods are as described above for the treatment of
multiple sclerosis. If localized irradiation is employed
directly to the joints, for example, through laser-connected
fiber optic inserted into the joint per se, it is only necessary
to allow adequate time for the photoactive agent to obtain
sufficient concentration at the joint. This is generally after
about 30 minutes, although other times may be employed as well.
If local administration of the photoactive agent has been used,
of course, administration of light can be almost immediate.

As described above for treatment of multiple
sclerosis, extracorporeal treatment of the blood stream can also
be employed. The conditions described above are applicable here
as well.

At the appropriate time, after distribution has
occurred, the subject is irradiated with light which comprises
wavelengths that are absorbed by the photoactive agent. The
absorption spectra of the photoactive agents will be informative
as to which wavelengths to employ. For transdermal irradiation,
the intensity and time periods described above apply. For
localized irradiation of the joints, the irradiation may either
be transdermal in the case of smaller joints or may be conducted
invasively using fiberoptics in the case of larger ones. The
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intensities and times are similar to those for transdermal
irradiation.

For extracorporeal treatment, the parameters are as
described above in the case of multiple sclerosis.

Thus, a typical protocol for treatment of a subject
with rheumatoid arthritis would comprise the following steps:
about 3 mg of BPD-MA formulated in a liposomal formulation is
injected directly into the joint of a subject exhibiting the
symptoms of rheumatoid arthritis. Immediately thereafter, the
joint is irradiated with 690 nm + 10 nm light at 25 J/cm? for
about 15 min. The patient is then monitored for the results of
the photodynamic therapy.

The following examples are intended to illustrate but
not to limit the invention.

Example 1
sponse of Various u PD and Irradi

Blood was withdrawn from two patients who were shown
to be infected with HIV. Whole blood from each patient was
brought to varying concentration levels with BPD-MA and then
irradiated with light at 10.8 J/cm’ using 690 nm light emitted
from LEDs over a four-minute time period. The populations of
various subsets of T-cells were evaluated by flow cytometry in
comparison with untreated controls. The percentage of cells
present was evaluated as a percentage of control and then
plotted as a function of BPD-MA concentration.

The results obtained are shown in Figures 1A and 1B.
As indicated, most cell populations remained relatively
constant, including B-cells and CD4' cells. Slight decreases
were shown in CD8* cells and DR* cells. IL-2R* cells showed a
dramatic decrease for the patient results plotted in Figure 1A,
and this decrease was dependent on the dose of BPD-MA being
used.

As shown in Figure 1A, although IL-2R* cells were
dramatically decreased, significant decreases for CD8* cells and
DR* cells were also observed. The effect on DR* cells was more
dramatically shown for the second patient in Figure 1B.

Similar studies were conducted with a constant
concentration of BPD-MA (0.5 ug/ml), using as subjects one
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normal individul and two HIV patients. Figure 2 shows the sub-
populations of leukocytes in untreated blood obtained from these
three donors. As shown in Figure 2, B-cells and natural killer
cells occurred at roughly the same levels in the normal and HIV
subjects. However, ARC patients consistently showed diminished
levels of CD4* and elevated levels of CD8*, DR* and IL-2R*.

Figures 3A, 3B, and 3C show the effects of the
treatment of the invention. As shown in Figure 3A, treatment of
leukocyte sub-populations in normal blood had little effect on
any of the populations shown. Figure 3B shows that, when HIV-
infected blood was subjected to this treatment, there was a
slight diminution in CD8*, a slight diminution in DR*, and a
significant decrease in IL-2R* cells. Figure 3C shows these
results specifically for IL-2R* cells, both for normal subjects
and for two HIV-infected subjects. Again, the dramatic decrease
was observed.

Thus, after treatment with 0.5 ug/ml BPD for four
minutes in the presence of 10.8 J/cm?® of light centered at 690
nm, the cell populations of all of the cell types in the normal
subject, and all cell types except for IL-2R* in the HIV
subjects, remained relatively constant. DR* and CD8* cells were
slightly decreased. The BPD/light treatment seemed to have
little or no effect on most subclasses of leukocytes. However,
the elevated levels of IL-2R* cells were restored to normal.

Example 2

Whole human blood from an HIV patient was also
subjected to treatment using various concentrations of BPD and
various light intensities in a protocol similar to that set
forth in Example 1. The effect on inactivation of cell-
associated HIV was tested. The results obtained are shown in
Figure 4. As shown, intensities of 13 J/cm’ produced a dramatic
inactivation of the virus at BPD concentrations of about 0.5
pg/ml or less. Lower intensities of radiation required higher
concentrations of BPD to inactivate the virus completely.
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Example 3

The ability to inactivate free HIV (LAV-1 strain) in
tissue culture of CEM cells was also tested. 1In the assay,
LAV-1 stock was diluted into the tissue culture medium, and BPD
was added at a concentration of either 0.25 pug/ml or 0.5 ug/ml.
The media were incubated for one hour and exposed to three
minutes of irradiation centered at 690 nm and at an intensity of
10.8 J/cm?’. The media were then added to CEM cells, and the
cells were assayed, using a standard p24 assay, after six days
of culturing. The results were read in terms of pg/ml.

The results obtained are summarized below in Table 1.
As shown, at dilutions of LAV that provided high levels of p24,
treatment with BPD, a BPD concentration of either 0.25 ug/ml or

0.5 pg/ml was capable of lowering substantially the level of p24
determined.

Table 1
X pg/ml (p24)
LAV-1 TREATMENT TREATMENT TREATMENT
No Drug .25 ug BPD .5 ug BPD
DILUTION no light 3 min 3 min
102 >616 23.2 14.2
3 x 107 >616 18.2 14.5
5 x 102 >616 15.1 11.4
7 x 102 >616 8.9 7.6
9 x 102 >616 7.6 5.4
10° >616 4.5 7.0
3 x 10° >616 5.1 3.2
5 x 10° >616 4.5 3.9
7 x 10? >616 3.9 2.0
9 x 10° >616 5.4 2.3
10+ >616 2.0
3 x 10* >616 3.6
5 x 10 >616 2.9 3
7 x 10* >616 3.2 ---
9 x 10* 2.6 2.6 ---
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Example 4

Treatment of Experimental Allergic Encephalomyelitis

Experimental allergic encephalomyelitis (EAE) is
generally recognized as a valid model for MS. See, for example,
Steinman, L. ringer Seminars Immuno hol (1992) 14:79-93. 1In
mice, it is triggered by injection with myelin basic protein
(MBP) and is mediated by MBP-specific T cells which attach to
the myelin sheath of the central nervous system, infiltrate the
area, and cause progressive paralysis of the hind limbs
(Bernard, C.C.A. et al. J Immunol (1975) 114:1537. The present
inventors have developed an improvement on this model whereby
MBP-primed splenocytes or lymphocytes from PL mice, a strain
which provides a monoclonal response to MPB, are cultured in
vitro with MBP and IL-2 and then transferred to naive
recipients. Transfer of these cultured cells causes disease in
100% of the recipients in almost synchronous manner.

In a preliminary study, the cells to be
transferred were preincubated with 100 ng/ml of BPD verteporfin
for 60 min in the dark, washed, and resuspended in 200 ul of
medium containing 5% FCS. Fifty ul of 40 ug/ml BPD in a
liposomal preparation was added to the cells and the mixture was
injected i.v. into naive PL recipients. The animals were given
transdermal irradiation using a box containing narrow spectrum
light emitting diodes (690 nm + 10 nm) for 20 min (15 J/cm?).

Figure 7 shows that the animals injected with
cells treated with BPD did not develop EAE whereas controls
receiving cells did develop this condition.

In an additional set of experiments, mice that
had been injected with the above-described cultured lymphocytes
were administered 1 mg/kg of BPD in a liposomal formulation
immediately after the injection of the lymphocytes. The treated
mice were housed in the dark for 60 min before exposure to light
as described above. The photodynamic therapy protocol (i.e.,
injection of the BPD-MA followed 60 minutes later by exposure to
light) was administered, in separate experimental groups, at
various times after injection of the cultured lymphocytes. The
results in Figure 8 show that administration of the PDT
treatment within 24 hours delayed the onset of EAE from day 21
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to day 41. However, delaying treatment for 48 hours resulted in
treatment being ineffective.

In an additional experiment, PDT was administered
to the animals 24 hours before the lymphoid cells were injected.
This protocol was also protective with respect to EAE.

Example 5
n- hri

Collagen-induced arthritis is a recognized
experimental model for the study of rheumatoid arthritis.

CIA is induced in DBA/1 mice by subcutaneous
injection with bovine type II collagen. In the present model,
two injections of collagen were administered, the first on day 0
and the second on day 21 (Trentham, D.E. et al. J Exp Med (1977)
146:857; Courtenay, J.S. et al. Nature (1980) 283:665.

In one PDT regimen, mice were injected with 1
mg/kg of liposomal BPD i.v. on days 5 and 12, kept in the dark
for 60 min after injection and then exposed to transdermal light
treatment in a box which provided narrow irradiation by narrow
spectrum light-emitting diodes (690 nm t+ 10 nm) for 20 min (15
J/cm?). As shown in Figure 9, mice administered the PDT
treatment showed a substantially lower incidence of CIA than did
controls.

In a second regimen, the above PDT treatment as
described was given on days 24 and 28; as shown in Figure 10,
disease onset was significantly delayed in the treated mice.
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We claim:

1. A method to reduce selectively the activated
leukocyte cell population in the leukocyte-containing fluid of a
subject in need of such reduction, which method comprises:

5 a. treating said fluid, or an activated
leukocyte-containing fraction thereof, with
an effective amount of a photoactive
compound, and

b. irradiating said treated fluid or fraction
10 with light comprising at least one
wavelength absorbed by said photoactive
compound.
2. The method of claim 1 wherein said

photoactive compound is a porphyrin-based compound.

15 3. The method of claim 1 wherein said compound
is a green porphyrin compound (Gp) or a derivative of
hematoporphyrin.

4. The method of claim 3 wherein said Gp

compound is BPD-MA and the hematoporphyrin derivative is
20 porfimer sodium.
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5. The method of claim 1 wherein said
photoactive compound is a Gp compound having a formula selected
from the group consisting of

n] 2 n’1
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and

of R' and R? is independently carbalkoxy, alkyl or
aryl sulfonyl, aryl, cyano, or -CONR’CO- where R®
is alkyl or aryl;

R’ is independently lower alkyl, carboxyalkyl or a
salt, ester, amide or acylhydrazone thereof; and
-CH=CH,;, -CH,0R*, -CHO, -COOR*, -CH(OR*)CH,,

-CH (ORY) CH,0R*, -CH(SR*)CH,;, -CH(NR*,)CH,,

-CH(CN) CH,;, -CH(COOR*)CH,, -CH(COOCR*)CH,,
-CH(halo) CH,, or -CH(halo)CH,(halo), wherein R* is
H, alkyl, an organic group of less than 12C
resulting from direct or indirect derivatization
of vinyl, or a group containing 1-3 tetrapyrrole-
type nuclei of the formula -L-P wherein:

-L- is selected from the group consisting of:

-CH-0O-CH-, -CHNHCH-, -CH=CH-CH-,
L b hd o

(a) (b) (c)
-CH-CH=CH-, =CH-CO-CH-, and -CH-CO-CH=
c‘:H3 CH, CH,

(d) (e) (£); and
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P has a structure selected from the group
consisting of Gp where Gp is of the formulae
1-6, but lacks R' and is conjugated to L

through the position shown in formula 1-6 as

5 occupied by RY, and a porphyrin of the
formula
R R
R R R R
or
R R R R
= R’ R3 RS

wherein R is H or alkyl, R® and R* are as

defined above, and the unoccupied bond is
conjugated to L.

10 6. The method of claim 5 wherein R! and R? are
carbomethoxy or carboethoxy.

7. The method of claim 5 wherein each R® is
-CH,CH,COOH or a salt, amide, ester or acyl hydrazone thereof.
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8. The method of claim 5 wherein R* is selected
from the group consisting of -CH(NH,)CH,, -CH(imidazole)CH,,

—cH-NHCO—(O)-No,
|

CH,

—CH NHCO

N
—CH-NHCO—@ |
éH3 O :E ~S(CH,),0H

-CH(OH) CH;, -CHBrCH,, -CH(OCH,)CH,;, -CH(pyridinium bromide) CH,,
-CH(SH)CH, and the disulfide thereof, -CHOHCH,0OH, -CHO, -COOH and
-COOCH,.

9. The method of claim 5 wherein said Gp is of
formula 3 or 4.

10. The method of claim 5 wherein said Gp has a
formula selected from the group consisting of

CH,

CH,CH,COH

H,C

BPD-DA
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BPD-DB
FHz CHa
CH,
COOH

CH3

CH20H2C02R

CH,CH,CO,R
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ROOC— CH,—CH3

BPD-HB

The method of claim 1 wherein said treating

results in a photoactive compound concentration of about 0.05-5

The method of claim 1 wherein said treating

results in a photoactive compound concentration of about 0.1-1

The method of claim 1 wherein said treating

results in a photoactive compound concentration of about 0.5

11.
pg/ml.

12.
pg/ml.

13.
pg/ml.

14.
immune dysfunction,

a.

b.

15.

A method for treating a patient having an
which method comprises:

treating at least a portion of the patient’s
leukocyte-containing body fluid, or a
fraction thereof containing activated
leukocytes, with an effective amount of a
green porphyrin (Gp) compound; and
irradiating said treated fluid with light
comprising at least one wavelength absorbed
by said Gp compound.

The method of claim 14 wherein said Gp is

BPD-DA, BPD-DB, BPD-MA or BPD-MB.
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The method of claim 14 wherein said patient

is a transplant recipient.

17.

The method of claim 14 wherein said patient

has an autoimmune disease.

18.

The method of claim 17 wherein said

autoimmune disease is rheumatoid arthritis.

19.
effects of multiple
a.

20.

A method for ameliorating the physiological
sclerosis, which method comprises:

removing blood from a subject in need of
such amelioration;

supplying to said blood, or a fraction
thereof, an amount of a photoactive compound
effective to exert a biological effect upon
activation;

irradiating the blood, or a fraction
thereof, with light absorbed by said
photoactive compound at an intensity
sufficient to activate said photoactive
compound to effect its toxicity; and
returning the treated blood, or fraction
therecf, to the subject.

The method of claim 19 wherein said

photoactive compound is a porphyrin-based compound.

21.

The method of claim 19 wherein said compound

is a green porphyrin or a derivative of hematoporphyrin.

22.

The method of claim 21 wherein said green

porphyrin is BPD-MA and the hematoporphyrin derivative is

porfimer sodium.

23.

A method for ameliorating the physiological

effects of rheumatoid arthritis, which method comprises:

a.

administering to a subject in need of such
amelioration an amount of a photoactive
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compound effective to distribute in said
subject;

allowing said distribution to occur; and
irradiating the subject with light absorbed
by said photoactive compound at an intensity
sufficient to activate said photoactive
compound to effect its toxicity.

The method of claim 23 wherein said

photoactive compound is a porphyrin-based compound.

25.

The method of claim 23 wherein said compound

is a green porphyrin or a derivative of hematoporphyrin.

26.

The method of claim 25 wherein said green

porphyrin is BPD-MA and the hematoporphyrin derivative is

porfimer sodium.

27.

is a human.

28.

The method of claim 23 wherein said subject

A method for ameliorating the physiological

effects of rheumatoid arthritis, which method comprises:

a.

29.

removing blood from a subject in need of
such amelioration;

supplying to said blood, or a fraction
thereof, an amount of a photoactive compound
effective to exert a biological effect upon
activation;

irradiating the blood, or a fraction
thereof, with light absorbed by said
photoactive compound at an intensity
sufficient to activate said photoactive
compound to effect its toxicity; and
returning the treated blood, or a fraction
thereof, to the subject.

The method of claim 28 wherein said

photoactive compound is a porphyrin-based compound.
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30. The method of claim 28 wherein said compound
is a green porphyrin or a derivative of hematoporphyrin.

31. The method of claim 30 wherein said green
porphyrin is BPD-MA and the hematoporphyrin derivative is
porfimer sodium.

32. A method for ameliorating the physiological

effects of rheumatoid arthritis, which method comprises:

a. administering to at least one joint of a
subject in need of such amelioration an
amount of a photoactive compound effective
to be activated by light to exert toxicity;
and

b. irradiating the joint with light absorbed by
said photoactive compound at an intensity
sufficient to activate said photoactive
compound to effect its toxicity.

33. The method of claim 32 wherein said
photoactive compound is a porphyrin-based compound.

34. The method of claim 32 wherein said compound
is a green porphyrin or a derivative of hematoporphyrin.

35. The method of claim 34 wherein said green

porphyrin is BPD-MA and the hematoporphyrin derivative is
porfimer sodium.

36. The method of claim 32 wherein said
irradiating is concentrated at least one joint of said subject.

37. Body fluid, or a fraction thereof, that has
been depleted of activated leukocytes by the method of claim 1.

38. The body fluid, or fraction thereof, of
claim 37 wherein the body fluid is blood, or a fraction thereof,
that contains elevated levels of CD8* cells and of DR cells,
but normal levels of IL-2R* cells.
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39. The body fluid, or fraction thereof, of
claim 37, wherein the body fluid, or fraction thereof, contains
reduced levels of the leukocytes associated with multiple
sclerosis or rheumatoid arthritis.
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