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Abstract

We report the use of optical imaging strategies to noninvasively examine photosensitizer
distribution and physiological and host responses to 2-[l-hexyloxyethyl]-2 devinyl py-
ropheophorbide-a (HPPH)-mediated photodynamic therapy (PDT) of EMT6 tumors estab-
lished in the ears of BALB/c mice. 24 h following intravenous (IV) administration of | umol kg
HPPH, wide-field fluorescence imaging reveals tumor selectivity with an approximately
2-3-fold differential between tumor and adjacent normal tissue. Confocal microscopy
demonstrates a relatively homogeneous intratumor HPPH distribution. Labeling of host cells
using fluorophore-conjugated antibodies allowed the visualization of Gr1*/CD1 Ib* leukocytes
and major histocompatibility complex class Il (MHC-II)* cells in vivo. Imaging of the treated
site at different time-points following irradiation shows significant and rapid increases in Grl”*
cells in response to therapy. The maximum accumulation of Grl* cells is found at 24 h
post-irradiation, followed by a decrease at the 48 h time-point. Using [V-injected
FITC-conjugated dextran as a fluorescent perfusion marker, we imaged tissue perfusion at
different times post-irradiation and found that the reduced Gr 1" cell density at 48 h correlated
strongly with functional damage to the vasculature as reported via decreased perfusion status.
Dual color confocal imaging experiments demonstrates that about 90% of the anti-Grl cell
population co-localized with anti-CDI1b labeling, thus indicating that majority of the
Grl-labeled cells were neutrophils. At 24 h post-PDT, an approximately 2-fold increase in
MHC-II+ cells relative to untreated control is also observed. Co-localization analysis reveals
an increase in the fraction of Grl* cells expressing MHC-II, suggesting that HPPH-PDT is
stimulating neutrophils to express an antigen-presenting phenotype.

Key words: Photodynamic therapy, HPPH, In vivo imaging, Intratumor drug distribution, Con-
focal fluorescence microscopy, Immune cell imaging.

Introduction

Photodynamic therapy (PDT) continues to gain
clinical acceptance worldwide as a minimally invasive
treatment for neoplastic disease [1-3]. In the United
States, FDA approval has been given to Porfimer so-
dium (Photofrin), a first-generation photosensitizer,
for the treatment of Barrett’s esophagus with high
grade dysplasia, obstructing esophageal carcinoma

and early and obstructing tracheobronchial carcino-
ma. Drawbacks posed by Photofrin include prolonged
skin photosensitivity and limited tumor selectivity in
patients [2]. In an effort to address this challenge,
several next generation photosensitizers are being
evaluated. Among them, 2-[1-hexyloxyethyl]-2 devi-
nyl pyropheophorbide-a (HPPH) has emerged as a
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promising candidate. HPPH-PDT has demonstrated
excellent safety and efficacy in the treatment of Bar-
rett's esophagus, oral cavity cancers, and early and
late stage esophageal and lung cancers [4-6]. Further,
HPPH has demonstrated minimal skin photosensiti-
zation in preclinical and clinical studies [7].

As drug biodistribution is an important compo-
nent in determining treatment response and selectiv-
ity, several studies have evaluated pharmacokinetics
of HPPH and its effectiveness in inducing tumor de-
struction with different drug-light intervals [4, 8].
These pharmacokinetic measurements have demon-
strated that the half-life of HPPH in plasma is 20 - 26
h, which may be compared to the significantly longer
elimination half-life of approximately 200 h with
Photofrin [8]. This 10-fold lower plasma half-life is the
primary reason for the reduced cutaneous photosen-
sitivity associated with HPPH. A study by Lobel et al.
in a rat glioma model examined the tumor tissue se-
lectivity for HPPH [9]. They reported a 3:1 tu-
mor-to-normal brain tissue ratio of HPPH concentra-
tion at 24 h post-administration with a half-life in
tumor tissue of approximately 30 h. However, no
studies have yet examined the intratumor distribution
of HPPH. We have previously reported on the use of
imaging techniques to evaluate the uptake and dis-
tribution of several photosensitizers in tumor tissue
[10-12]. In this study we investigated the selectivity of
HPPH in tumors and its intratumor distribution at a
drug-light interval of 24 h using in vivo fluorescence
imaging performed in tumors established in ears of
mice.

Recruitment of inflammatory cells has important
effects on tumor development, and the role of these
cells as anti- or pro-tumor agents is a subject of con-
tinuing investigation by several groups [13]. In the
context of PDT, pre-clinical studies have however
demonstrated that effective long term response fol-
lowing therapy is achieved not only by direct oxida-
tive damage to tumor cells and vasculature but also
by multiple elements of the host response [14]. These
responses, possibly triggered by PDT-induced in-
flammation, are characterized by increased expression
of proinflammatory cytokines and adhesion mole-
cules and rapid leukocyte infiltration into the treated
tumor. A significant fraction of these infiltrating leu-
kocytes are neutrophils [1, 15]. de Vree et al. were one
of the first groups to report the enhanced accumula-
tion of neutrophils in peripheral blood following PDT
irradiation, and the significant contribution of neu-
trophils was further confirmed with experiments in
animal models where depletion of neutrophils using
anti-Grl monoclonal antibodies resulted in dimin-
ished Photofrin-PDT efficacy [16, 17]. Gollnick et al.

have shown that PDT with HPPH also initiates a local
inflammatory response characterized by neutrophil
migration into the treated tumor, albeit less pro-
nounced than that observed with Photofrin PDT [18].
A subsequent study by Kousis et al. elucidated the
role of these infiltrating neutrophils in augmenting
T-cell proliferation, and thus suggested for the first
time a mechanistic link between the acute inflamma-
tory response to PDT and tumor-specific, systemic
immunity [19].

Immune responses induced by PDT have thus
far been examined using traditional biochemical as-
says, immunohistochemistry of tissue sections, or
flow cytometry. However, these assays and tech-
niques require tissue extraction and processing. To
address these limitations and study inflammatory
response in minimally perturbed tissue architecture,
we undertook a detailed examination of kinetics of
host cell infiltration evoked by PDT treatment using a
recently reported in vivo optical imaging approach
[11, 12]. The technique exploits local administration of
fluorophore-conjugated antibodies against
cell-specific surface antigens and enables imaging in
live mice the population of Grl* and MHC-II* cells in
HPPH-treated tissue at different times post-treatment.
Using this imaging technique, we demonstrate that a
strong inflammatory response characterized with
rapid and increased influx of Grl* cells is associated
with a PDT dose that yields 90% tumor cures. We also
observe that in response to PDT, a modest but signif-
icantly greater number of Grl* cells express major
histocompatibility complex class II (MHC-II), thus
suggesting a role for them as antigen presenters.

Materials and Methods

Cell culture and tumor model: Mouse mam-
mary cancer EMT6 cells were maintained in mono-
layer culture in Eagle’s basal medium (BME) with 10%
fetal bovine serum (complete media) at 37°C. EMT6
tumors were initiated by injection of 5 x 10> EMT6
cells into the ear pinna of 4 - 6 weeks old female
BALB/c mice. Animals were followed daily to track
tumor growth, and 7 - 10 days after implantation
when the tumors reached a volume of approximately
15 - 25 mm3 they were used for experiments as de-
scribed below.

Photosensitizer administration and light
treatment: Mice bearing EMT6 ear tumors were ad-
ministered 1 pmol kg of the photosensitizer HPPH
via intravenous (IV) tail vein injection. At 24 h post
HPPH administration, the tumors were subjected to
PDT irradiation using 667 nm light from a diode laser
(Power Technology Inc., Little Rock, AR). Light was
delivered through a GRIN-lens-terminated multi-

http://www.thno.org



Theranostics 2012, 2(9)

842

mode fiber (OZ Optics, Ottawa, ON, Canada), and the
tumors were illuminated with a fluence of 100 ] cm-2
at an irradiance of 75 mW cm2. Controls included
untreated ((-) drug, (-) light) animals.

Tumor-response assay: Tumor growth control
was used to evaluate the therapeutic efficacy of the
HHPH-PDT treatment parameters used for this study.
After PDT, tumor dimensions along 3 orthogonal axes
were measured daily using digital calipers. Volumes
were computed assuming an approximately ellipsoi-
dal shape with the expression, V = (4/3)mrirors. Mice
were removed from the study if the volume of the
tumor reached twice the pre-treatment volume. Cures
were defined as no evidence of palpable tumor
90 days after PDT.

In vivo imaging of photosensitizer uptake and
perfusion status using stereofluorescence micros-
copy: In order to observe large fields of view at high
magnification, imaging was performed over the ear
tumor of an anesthetized mouse using a Nikon fluo-
rescence stereomicroscope (model SMZ-1500, Nikon
Instruments, Melville, NY) equipped with an Xcite
illumination source (EXFO, Ontario, Canada). Prior to
imaging, hair was removed from the imaged site us-
ing Nair. The stereoimaging system can acquire indi-
vidual fields of view (FOV) as large as 2.7 cm x 2.0 cm,
which is large enough to image the entire outer ear.
Excitation of HPPH and its fluorescence collection
were performed using a custom filter cube
(HQ560/120x; 635 DCXR; HQ645LPm, Chroma
Technology, Bellows Falls, VT). HPPH localization in
the tumor was imaged at 24 h following administra-
tion. To visualize perfusion status, 200 pL of 5 mg
mL?  fluorescein isothiocyanate (FITC)-dextran
(FD2000S, Sigma-Aldrich, St. Louis, MO) was injected
IV via tail vein. Tumor perfusion was examined at
different time-points ranging from pre-irradiation to
48 h following PDT. FITC fluorescence was excited
and detected using the ENDOW GFP bandpass filter
cube (Chroma). High-resolution images of 1390 x 1040
pixels were captured and digitized by a Photometrics
12-bit monochrome CCD camera (CoolSNAPHQ,
Roper Scientific, Inc., Trenton, NJ).

In vivo confocal imaging of intratumor photo-
sensitizer distribution, host responses and perfu-
sion status: In vivo imaging of photosensitizer dis-
tribution, host responses or perfusion status in tissue
on a microscopic scale was performed using a custom
laser scanning fluorescence confocal microscope de-
scribed previously [20]. Briefly, anesthetized mice
were placed in a supine position with the ear tumors
facing the top of a coverslip mounted on the stage of
the inverted microscope. The fluorophores AlexaFlu-
or647 and Allophycocyanin were excited with a 639

nm diode laser and detected using a 647 nm long pass
filter (Semrock, Rochester, NY). AlexaFluor488 and
FITC were excited at 488 nm from an argon ion laser
and detected using a combination of 500 nm long pass
and 515/30 bandpass filters (Chroma). The combina-
tion of a 100 um diameter pinhole and a 10x, 0.45 NA
objective gave a 6 um optical section thickness, and
the images were acquired at 16 bits with a lateral res-
olution of 1 pm per pixel.

For immunofluorescence imaging, in vivo anti-
bodies were purchased directly as fluorescent conju-
gates. We labeled leukocytes using intradermal (ID)
administration of 3 pg of anti-mouse Grl and CD11b
antibodies (Grl: clone RB6-8C5; CD11b: clone M1/70,
Biolegend, San Diego, CA) and imaged their popula-
tion at different times post irradiation. Major histo-
compatibility complex class II cells were labeled with
antibodies against MHC-II (1.5 pg; Clone
M5/114.15.2, Biolegend). AlexaFluor647- or
AlexaFluor488-conjugated anti-CD31 antibody (clone
MEC13.3, Biolegend) was administered ID in the
mouse ear to label the vessels. The ID injection vol-
umes of antibodies were approximately 20 pL and
were administered 3 h prior to imaging to allow for
clearance of unbound label.

We investigated the microscopic intratumor dis-
tribution of HPPH 24 h following administration.
HPPH was excited with 514 nm from an argon ion
laser, and its emission was detected using a combina-
tion of 525 nm and 647 nm long pass filters (Chroma).
Vessel perfusion status was imaged in control tissue
pre-irradiation and at 24 and 48 h following
HPPH-PDT. For any given time-point examined,
perfusion in CD31* vasculature was imaged as early
as 5 min post-injection of FITC-dextran.

Image analysis: The images were analyzed us-
ing Image] 1.43u, a public domain image processing
software distributed by the NIH
(http:/ /rsbweb.nih.gov/ij/). All images had fields of
view of 800 um x 800 um. To obtain cell density in an
imaged field, grayscale images of antibody fluores-
cence were processed to mask Grl* cells. Next, the
images were thresholded into a binary format. A wa-
tershedding algorithm was applied, and the resulting
particles were screened for size using the Analyze tool
in Image]J. Size screening was based on the assump-
tion that Gr1* cells were at least 8 um in diameter and
therefore had a cross sectional area of approximately
50 pm?2. The results were analyzed using R version
2120 (R foundation for Statistical Computing;
http:/ /www.r-project.org/). Cell counts at different
time intervals were compared using an unpaired
2-tailed t-test without assuming equal variances.

Co-localization analysis: The extent of
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co-localization between the fluorescence of Grl* and
MHC-II* pixels or between Grl* and CD11b* pixels
was determined using the Intensity Correlation
Analysis tool in Image], a statistical approach based
on a cross-correlation analysis introduced by Manders
et al. [21]. This analysis yielded coefficients that
quantified the co-localized fraction of the signal in the
two channels above a specified intensity threshold.
The details of the analysis have been reported in a
recent study [22].

Results and Discussion

The Kaplan-Meier curves of Figure 1 demon-
strate the tumor response to a fluence of 100 J cm?
delivered at an irradiance of 75 mW cm2 Among the
10 mice treated with this PDT dose, 9 (90%) were
cured as defined by no evidence of tumor 90 days
after irradiation. Untreated controls ((-) light, (-)
drug) displayed a median tumor doubling time of 6
days (n =4).

In vivo, whole-mouse fluorescence imaging us-
ing the stereofluorescence microscope showed
2-3-fold tumor-to-normal skin selectivity (Figure 2(a))
at 24 h following IV administration of HPPH. We re-
cently reported on the intratumor distribution of the
sensitizer, NPe6, wherein we used the antibody la-
beling technique to label CD31* tumor vasculature
and imaged the spatial distribution and temporal ki-
netics of NPe6 with respect to vessels following sys-
temic administration [11]. Adopting the same ap-
proach, we examined the microscopic pattern of in-
tratumor HPPH distribution using confocal fluores-
cence imaging,.
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Figure |: Kaplan-Meier curves of tumor responses to HPPH-PDT. Laser
irradiation at 667 nm was performed at an irradiance of 75 mW cm? for a
fluence of 100 ) cm® at 24 h after intravenous administration of | umol kg’!
HPPH.
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Figure 2: (a) Stereofluorescence image of an EMT6 tumor in the ear of a
BALB/c mouse, acquired at 24 h post IV administration of | pumol kg’
HPPH. This representative image is a superposition of a bright field and
HPPH fluorescence and highlights the selective uptake of HPPH in the
tumor tissue. The HPPH fluorescence intensity in the tumor is approxi-
mately 2-3-fold higher than the adjacent normal tissue. (b) In vivo confocal
image of intratumor HPPH distribution imaged at a depth of 100 um into a
mouse ear. HPPH fluorescence is in red, and CD31" vessels labeled by
Alexa488-conjugated antibody are in green. (c) HPPH fluorescence as a
function of distance from CD31" vessels, normalized to the fluorescence
amplitude at the vessel boundary. The data points are an average of at least
four independent measurements, and the error bars represent standard
deviations.
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Figure 2(b) shows a fluorescence image of HPPH
distribution (red) with respect to anti-CD31 labeled
vasculature (green) at a depth in tissue of 100 pm. The
image was acquired 24 h following IV injection of 1
umol kg? HPPH. As illustrated, at this time point
HPPH has partitioned from the vasculature into the
adjacent parenchyma relatively uniformly. Figure 2(c)
shows analysis of HPPH distribution from fields of
view from four independent experiments. The mean
HPPH fluorescence amplitude is plotted as a function
of distance from a vessel wall. Even at a distance of
100 um the HPPH fluorescence does not drop below
30% of the intensity at the vessel boundary.

PDT induces a local inflammatory response that
is characterized by leukocyte infiltration, with a sig-
nificant fraction of these infiltrating cells being neu-
trophils [23]. To examine the extent of this response to
HPPH-PDT using treatment parameters that resulted
in 90% tumor cures, we imaged the influx of Grl* cells
in vivo into the treated site at 5, 24 and 48 h
post-irradiation. Figures 3(a) and (b) illustrate the
fluorophore-labeled infiltrating Grl* cells imaged in
an untreated control and PDT-treated ear, respec-
tively. The image shown in figure 3(c) is a magnified

Normalized neutrophil counts

Control

o) I

view of an imaged field and demonstrates that con-
focal imaging can resolve the antibody-labeled Gr1*
cells at an individual cell level. The data summarized
in figure 3(d) from multiple independent measure-
ments show an approximately 2.5-fold enhanced Gr1*
cell infiltration in the treated site 24 h post-irradiation
compared to untreated control. We also observe a
smaller but significant increase in Gr1* cell accumula-
tion as early as 5 h following treatment. At 48 h
post-irradiation, the Grl* cell counts decrease and are
not significantly different from those at the 5 h
time-point. This trend in Grl* cell accumulation is
remarkably similar to that reported by Gollnick et al.
in an elegant study that used identical HPPH-PDT
treatment conditions to investigate various mediators
of the inflammatory response [18]. Using flow cy-
tometry, the authors found that HPPH-PDT induces
an influx of nearly 3-fold higher neutrophils into tu-
mors compared to untreated control at 24 h
post-irradiation. The comparable finding between our
study and that reported by Gollnick et al. serves as a
measure of validation for the in vivo imaging strategy
as an assay for host cell populations.

Figure 3: In vivo confocal images of Alexa488-conjugated anti-Gr|* cells (green) and Alexa647-conjugated anti-CD3 1 vessels (red) in the tumor-bearing
ears of BALB/c mice.. (a) Control ear that received HPPH but was not irradiated, and (b) ear that was PDT-treated. The FOV in these images is 800um x
800um. The image in (c) is an expanded view of an anti-Gr| imaged field to illustrate the high contrast staining of host cells. (d) Mean normalized neutrophil
counts in control and PDT-treated sites at time-points of 5, 24 and 48 hours following irradiation. 24 h post-PDT, the treatment induces approximately
2.5-fold higher neutrophil accumulation in the irradiated tissue. The neutrophil counts at 24 h are significantly different from those at control, 5 h and 48

h time-points (P < 0.05).
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Perfused tumor blood vessels have important
functions as the source of local tumor oxygenation
and as a route for host cell trafficking [24]. With this
motivation, bulk tumor perfusion in vivo was imaged
with the stereofluorescence microscope, and micro-
scopic imaging of small numbers of individual vessels
was performed using the confocal microscope. Perfu-
sion in live mice was visualized at pre-, 24 h, and 48 h
post-irradiation using IV-injected FITC-conjugated
high molecular weight dextran as an optical perfusion
marker. Figures 4(a-c) are representative stereofluo-
rescence images of perfusion status in an EMT6 ear
tumor in the same mouse, followed up to 48 h
post-PDT. As illustrated in figures 4(a) and 4(b), there
was no detectable difference in perfusion status be-
tween the control and treated tumor at 24 h
post-treatment. However, at the 48 h time-point a
severe perfusion deficit is observed (figure 4(c)). Fig-
ures 4(d-f) are confocal images of microscopic pat-
terns of perfusion level (green) in CD31* labeled ves-
sels (red). Consistent with the stereofluorescence im-
ages, we find that relative to the highly perfused ves-
sels observed in control tissue, most of the
CD31-positive vasculature in the treated region at 48 h
post-irradiation exhibits an absence or low levels of
the perfusion marker. This observation of perfusion
loss at the 48 h correlates positively with the reduced
Gr1* population density at the same time-point. It is
well established that vascular damage may be medi-
ated by neutrophil secretion products such as chemo-
kines, heparin-binding protein and arachidionic acid
[25, 26]. Therefore, the reduced perfusion status at 48
h post-PDT is likely triggered by the large accumula-
tion of neutrophils in the tumor tissue. This mode of
vascular response is in contrast to the vascular shut-
down induced by Visudyne-PDT, where direct dam-
age to ECs leads to rapid loss of vascular barrier
function [27]. Further, recent evidence has shown that
neutrophils release proteolytic enzymes like MMP-9
upon activation [28]. Therefore, degradation of the
extracellular matrix and damage to blood vessels fol-
lowing HPPH-PDT may also be mediated in part by
the release of MMPs from the accumulated neutrophil
population.

Grl is expressed on neutrophils, macrophages,
and plasmacytoid dendritic cells [29, 30]. Therefore,
the results reported above could potentially reflect
cell populations other than neutrophils. In flow cy-
tometry, identification of neutrophils includes posi-
tive staining for Grl and CD11b and negative staining
for F4/80 [19]. We attempted to label in vivo with
antibody against F4/80 but observed that commer-
cially available fluorophore-conjugated anti-F4/80
antibodies resulted in unacceptably poor staining.

Other investigators have reported similar issues with
anti-F4/80 for ex-vivo tissue staining protocols [31]. In
the absence of a reliable F4/80 marker and in an effort
to further scrutinize the Grl* cells in the images, we
therefore performed two-color imaging experiments
in several control and treated ears using an antibody
cocktail that contained anti-Grl and anti-CD11b con-
jugated to AlexaFluor647 and AlexaFluor488, respec-
tively. Figures 5(a) and 5(b) are representative in vivo
images from identical fields of view 24 h post-PDT
that are comprised exclusively of anti-CD11b or an-
ti-Grl fluorescence when excited by 488 or 639 nm
light, respectively. Figure 5(c) is a merged image of
the two channels and displays strong overlap between
the two channels in pixels exhibiting yellow / orange
color. The high degree of overlap between pixels that
display anti-CD11b and anti-Gr1 labeling is confirmed
by co-localization analysis, which yields Manders
coefficients of approximately 90%. These coefficients
in the treated tissue at 24 h and 48 h post-HPPH-PDT
were not different from those measured in untreated
controls.

We have recently described imaging of MHC-II*
cells in normal and tumor tissue accomplished using
fluorescence labeling in vivo [32]. MHC class II pro-
teins are present on the surface of antigen presenting
cells (APCs), majority of which are macrophages and
dendritic cells. It is well established that these cells
internalize antigens and display a fragment of the
antigen, bound to a MHC-II molecule which is recog-
nized by T-cells, leading to their activation and initia-
tion of specific immunity. We therefore imaged the
MHC-II* cell population in untreated control and 24 h
post-PDT treated tissue. Figures 6(a) and 6(b) illus-
trate the MHC-II* cells (red) in control and treated
tissue, respectively. The distribution of MHC-II* ob-
served at a depth of about 70 um is demonstrated in
these representative images with respect to CD31*
vessels (green). In contrast to the 2-3-fold
PDT-induced increase in infiltration of Grl* cells
(figure 3), our analysis shows a modest but significant
increase in the population of MHC-II* cells at the
treated site, with cell counts approximately 50%
higher relative to control (figure 6(c)). It is possible
that infiltrating macrophages and dendritic cells con-
tribute to this modest increase in MHC-II* cell counts.
However, recent studies have also suggested that
neutrophils under stimulation can present MHC-II on
their surface and thus function as an APC [33, 34].
Motivated by these findings, we examined if
HHPH-PDT can induce Gr1* cells to present MHC-II.
To test whether the fraction of Grl* cells expressing
MHC-II changes in response to therapy, we imaged
Grl* and MHC-II* cells in the same ear following
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administration of an antibody cocktail that contained
anti-Grl and anti-MHC-II conjugated to AlexaFlu-
or488 and Allophycocyanin, respectively. Figures 7(a)
and 7(b) illustrate representative in vivo confocal
images of anti-Grl* cells (green) and anti-MHC-II*
cells (red) pre- and 24 h post-irradiation, respectively.
Co-localization analysis of these images indicates that
in control tissue roughly 21% of Grl* pixels have
corresponding MHC-II* pixels, while in treated sites
the fraction increases to approximately 28% and 36%
at 5 h and 24 h post-irradiation, respectively (figure
7(c)). This suggests that PDT is inducing Gr1*cells to
express an antigen-presenting phenotype. Similar
results have been reported by Sun et al., who ob-
served expression of MHC class II on F4/80-/Grl*
cells that had infiltrated Photofrin-PDT-treated
SCCVII tumors [23]. These results are also consistent
with the observations of Kousis et al., who examined
in detail the role of F4/80-/CD11b*/Grl* neutrophils
in the stimulation of adaptive immune response [19].
The authors reported that PDT-induced inflammation
enables neutrophils to access tumor draining lymph
nodes and directly play a role in the enhancement of
T-cell activation and proliferation. Our results there-
fore support the contention that neutrophils may play

an important role in stimulating T-cell proliferation in
an MHC-II dependent manner.

In conclusion, this study takes advantage of re-
cently established optical imaging strategies to per-
form an in vivo examination of determinants, ranging
from drug distribution to inflammatory response, that
are associated with HPPH-PDT efficacy. We present
evidence that PDT conditions that yield long term
tumor control elicit a strong inflammatory response
characterized by influx of Grl* cells. The findings
suggest a role of these Grl* cells as mediators of
HPPH-PDT-induced vascular damage and as effec-
tors of adaptive immune response through their re-
lease of several secretion products and the expression
of an antigen-presenting phenotype, respectively. Our
work also highlights certain limitations of optical
imaging, at least as implemented here. Flow cytome-
try offers distinct advantages in identifying cell types
using multiple markers because of its ability to label
intracellular proteins, its access to angle-resolved
scatter, and because contemporary flow systems uti-
lize spectral compensation algorithms and multivari-
ate analysis techniques that are more sophisticated
than those available in our optical imaging system
and others with which we are familiar.

-

Figure 4: (a-c) Series of stereofluorescence images illustrating vessel perfusion status up to 48 h in an individual ear tumor treated with 100 ] cm™. (a)
Untreated control, (b) 24 h post HPPH-PDT and (c) 48 h post-irradiation. These images were acquired from the same mouse tumor for 3 consecutive days.
The dark vascular morphology in (c) represents tumor vessels that have lost their perfusion status. The FOV in these images is 3.6 mm x 3.2 mm. (d-f)
Representative in vivo confocal fluorescence images of perfusion (green) in CD317 vessels (red) in (d) untreated control, (e) 24 h and (f) 48 h post

HPPH-PDT irradiation. The FOV in these images is 500pum x 500pum.
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Figure 5: In vivo confocal fluorescence images of (a) CDIIb* and (b) Grl” cells in the same field of view 24 h post-PDT. (c) Merged image showing the
extent of overlap between cells expressing CD| Ib and Grl on the surface. The FOV in the images is 800um x 800um.

(c)

3.0

Deeper MHC li(+) cell counts

Control HPPH-PDT

Figure 6: In vivo confocal images of MHC-II* cells (red) and CD3 1" vessels (green). These images were acquired at depths of 70 pum from the tissue surface.
(a) Control ear that received HPPH but was not irradiated; (b) PDT-treated site imaged 24 h following irradiation. The field of view in the images is 800pum
x 800um. (c) Mean normalized MHC-II* cell counts in untreated control and PDT-treated tissue at 24 h following irradiation. MHC-II* cell population is
approximately 1.5 fold higher in PDT-treated vs. control tissue, and the increase is significantly different at the P=0.05 level.
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Figure 7: In vivo confocal images of Alexa488-conjugated anti-Gr|* cells (green) and APC-conjugated anti-MHC-II* cells (red) in the same field of view (a)
pre- and (b) 24 h post-irradiation. These images were analyzed to evaluate the extent of host cells that co-expressed Grl and MHC-II receptors on their
cell surface. The FOV in the images is 800um x 800um. (c) Mean fraction of Grl* pixels co-localizing with MHC-II* pixels evaluated from at least 3
independent experiments for control, 5 h and 24 h post-irradiation. Error bars represent standard deviation. The fractions at 5 h vs. control and 24 h vs.

control are significantly different at the P=0.05 and P=0.01 levels, respectively.
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