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Deciphering PDT-induced inflammatory responses
using real-time FDG-PET in a mouse tumour model

Nicole Cauchofy Haroutioun M. Hasséssiah Eric Turcotté, Roger Lecomte
and Johan E. van Ligt

Dynamic positron emission tomography (PET), combiméth constant infusion of 2-deoxy-2%f]fluoro-
D-glucose (FDG), enables real-time monitoring @ient metabolic changes in vivo, which can s¢ove
understand the underlying physiology. Here we itigated characteristic changes in the tumour FDG-
uptake profiles in relation to acute localized amfimatory responses induced by photodynamic therapy
(PDT). Dynamic PET imaging with constant FDG infusiwas used with EMT-6 tumour bearing mice.
FDG time-activity uptake curves were measured standously, in treated and reference tumours, foy 3
before, during, and after PDT. Inflammation wasidé¢d when evoked by PDT using either a
trisulfonated porphyrazine photosensitizer (ZnN®sp or lipopolysaccharide (LPS), and inhibited using
indomethacin. The distinct transient patterns, abtarized by drops and subsequent recovery of tumou
FDG uptake rates, were also analysed using immubadtiemical markers for apoptosis, necrosis, and
inflammation. Typical profiles for tumour FDG-uptakconsisted of a drop during PDT, followed by a
gradual recovery period. Tumours treated with LB&, not with light, showed a continuous increase in
FDG-uptake during the 3 h experimental period. Tmet with indomethacin, inhibited the rise in FDG-
uptake observed with either LPS or PDT. Tumour Fiydake profiles correlated with necrosis markers
during PDT, and inflammatory response markers 3T, but not with an apoptosis marker at any time
during or after PDT. Dynamic FDG-PET imaging comddnwith indomethacin reveals that, the drop in
the tumour FDG-uptake rate during the PDT illumioatphase reflects vascular collapse and necrosis,
while the increased tumour FDG-uptake rate immedjapost-illumination involves an acute localized
inflammatory response. Dynamic FDG infusion and PERging, combined with the use of selective
inhibitors, provides unique insight for decipherittge complex underlying processes leading to tumour
response in PDT, and allows for rapid as well ast effective optimization of PDT protocols.

1Correspondence Professor J.E. van Lier; Erdaltan.E.vanlier@USherbrooke.ca
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Introduction Recovery of the FDG-uptake rate, observed post-

. illumination, may result from metabolic activitydaced in the
Use of 2-deoxy-24F]fluoro-D-glucose (FDG) tracer is the(issue due to several possible factefsThese factors may

most common (about 90%) type of positron emiSSIGiciude additional metabolic activity contributedy:b 1)

tomography (PET) imaging in stand_ard medical. C€ Tincreased energy requirements of surviving tumells cdue to
cancer. Therefore, being able to predict therapentitcome repair mechanisms, or cell death pathwhyandior 2)

from tumour FDG-uptake profiles at the start of treatment, gathering inflammatory cellsOne or a combination of such

WI”_ t?e a powerful tool,_and very useful in _trea1mne factors could explain the increase in the FDG-uptakte
optimization protocols. Earlier, we demonstrateat ttifferent observed in tumours post-illuminatiéhit

mechanisms of action correlate with real-time ch&sp'gp the The participation of prostaglandins (PGE2) and
tumour FDC_’ uptake proflle,.durlng photodynamic ey thromboxanes in post-illumination (post-PDT) inflaratory
(PDT), monitored by dynamic PETWe showed that the
FDG-uptake changes, which take place early in tier P
protocol, have predictive value for the outcome tbe
treatmen?

Induction of an acute localized inflammatory resg®is of
benefit to PDT. It contributes to the antitumouieefs of PDT,
and helps to facilitate the development of a sygtémmune
response, which is of a longer time sc&®eThe acute
localized inflammatory response requires constintugation
to be sustained. It ceases once the stimulus isved) since
inflammatory mediators have short half-lives and eapidly
degraded in tissue. Understanding such acute hachli
inflammation, with the goal to control it, is of tal

responses is well documentef. Non-steroidal anti-
inflammatory drugs (NSAIDs) are widely used as Initoirs of
inflammation. Among these drugs, indomethacin isduas a
potent, non-specific, inhibitor of cyclooxygenas€OX)
enzymes which metabolize arachidonic acid to PGEZ2,
prostacyclins (PGI2), and thromboxariés. Bacterial
lipopolysaccharide (LPS), a well-known antigérriggers cell
death and activates inflammatiénStudies have shown that
LPS administration provokes a partial anti-tumodfeat,
although under these circumstances, complete tumour
regression requires a systemic immune resptnse.

Our current study addresses the role of acutelitech
) inflammation in  hexynyl trisulfobenzo-mononaphtho-
|mporta_ncé. . ) ] porphyrazine (ZnNP£s) based PD¥!° induced tumour

Typically, FDG-PET imaging conducted concurrerviigh response as monitored by real-time FDG-PET. We used
PDT showed a drop in tumour FDG-uptake rates durlrﬂﬂmunohistochemistry (IHC) to evaluate the rolespkcific

lllumination, with a progresswe |n_crez_a§e in the G-ptake inflammatory mediators immediately post-illuminatjoand
rz.ite_s,. towar(_j recovery,_ post-illuminatione also d_etected pharmacology to evaluate their role in correlatwith the
significant differences in the delay-to-responsmet (A1), increased tumour FDG-uptake rate.

which denotes the time required for PDT to affémt FDG-

uptake rate, and the delay-to-recovery times),( which

denot[es tf_\e t!me required for recovery of the F[}@kle ra'_[e Materials and Methods
post-illumination! A short delay-to-response combined with a

drop in the FDG uptake rate during illuminationdicates a Photosensitizer

major contribution by a direct cell kill pathwayuch as ,, so1utions were prepared with ultra-pure wated§.0 MO
induction of apoptosis and/or necro&ilm contrast, a long cm resistivity). About 10 mg of photosensitizer ZPSICs,119

delay-to-response, combined with a long delay-tovery, .5 formulated in 1% PBS (3 mL), sonicated for av fe

signifies cell death via predominantly an indirest! kill minutes, and filtered over a 0.22a filter (Millipore). The
pathway, such gs damage to tumour vasculatureirigad final concentration of the photosensitizer was si#d with
oxygen starvation of celfs.A short delay-to-responsel% PBS to 100uM after determining the concentration by

toggthe_r Wit_h a_ strong drop in the tumour FDG-uptakte UV-Vis spectroscopy of a 50-fold diluted sampleariethanol.
during illumination, followed by a complete recoyeof the

tumour FDG-uptake rate, corresponded to the gre@BJ Céll cultures

efficacy, and best long-term tumour response ouecomhus, The EMT-6 murine mammary tumour cell line was maimed

using FDG-PET imaging, within 60 min after starttbé PDT jn waymouth MB 752/1 medium culture (Sigma-AldricBt

protocol, it is possible to predict the long termmbur | guis, MO, USA) supplemented with 15% foetal bovine

response outcome. serum (FBS), 1% glutamine and 1% pen-strep (Gibco,
Burlington, ON, Canada).

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013, 00, 1-3 | 2



Page 3 of 11

Animal model

The experiments were conducted in accordance witopols
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tail vein. After fixing the cannula, mice receivediomethacin
or LPS, depending on the group selected, and vhere placed

supine on the temperature regulated heating béueatamera.
The position of the scanner bed was adjusted ierai@ place
the tumours, with the help of a laser pointer,hat tenter of
the axial field of view. A 3 h dynamic PET imageayaisition
was then launched. After a 30 sec delay, the miesew
continuously infused with FDG (70-80 MBq in 1 mL ©9%
NaCl at 0.003 mL/min). For animals receiving PDThe't

The two tumours were introduced approximately h8from treated tumour was exposed to red light from therdaliode
each other on the back of the animals, by i.dciige of 2-3x 30 min after starting FDG infusion. PET imaging wtagn

10° EMT-6 cells, suspended in 0.05 mL Waymouth grow@Pntinued for about 2 h more, to complete the t8t&l scan
medium. sequence. The vital signs of the animals were rooet and

recorded throughout the 3 h imaging period to emsustable
physiology at all times. Three or four mice werarsted for
The PDT protocol was similar to what was previouslgach group. To get a more accurate measure ofnjbeted
described. Briefly, one week after tumour implantation, whefrDG dose, the radioactivity in each animal was tjtiad in a
tumour diameters had reached 5-8 mm (2-3 mm thiclell counter at the end of imaging, and the miceentaen
animals received photosensitizer (ZnN€§ 1 umol.kg?, i.v.) euthanized.

or PBS, followed 24 h later by 670+10 nm diode teight Image Analysis

treatment (model BWF-670-300, D&W TEK, Newark, DE,
USA) of one tumour. The companion tumour was skigld The images were reconstructed using 10, 15, arite@dlions,
from light and served as a reference. The lighttb¢a8 mm, ©Of @ 2D maximum likelihood expectation maximizatigviL-
200 mW.cn?) was spread uniformly over the whole tumouEM) algorithm, which models detector response. @Ve81

approved by the Canadian Council on Animal Carel e
Université de Sherbrooke Ethics Committee. Animakre
allowed free access to water and food during tluognassion
of the experiments. All experiments were perforrnadBalb/c
female mice (19-21 g) (Charles River Breeding Labanies).
Before tumour implantation, hair on the hind legsd the
back of the animals, was removed by shaving anthteqi.

Photodynamic ther apy

area. The light delivery was applied cyclically: fin
illumination followed by 2 min dark. The illuminath time
was spread over 40 min. Taking into account th& gariods,
a total fluence of 365 J.cfrwas delivered.

Induction and/or inhibition of inflammation

Animals were divided into five groups. One group mice,

received intratumoural 50 pL of LPS (5 mginlin one

tumour 30 sec prior to imaging, to activate locadis
inflammation, and did not receive PDT. The secomnaup,

received i.v. 0.1 mL indomethacin (2 mgXg30 sec prior to
imaging, after which PDT started 30 min later. Thied group

received both indomethacin and LPS within 30 se€orpto

imaging, without PDT. The fourth group receivedyoRIDT.

The fifth group of animals received no treatment.

Radiophar maceuticals

Fluorine-18 was prepared by tH® (p,n) 8F reaction orttO-
enriched water as target material using a TR-190tym
(Advanced Cyclotron Systems Inc., Richmond, BC, d&km).
FDG was prepared on site following established gdoces®
FDG activity was measured with a CRC-35R dose o
(Capintec, Ramsey, NJ, USA).

PET imaging

images in 128 x 128 pixels format (voxel size &0x 0.50 x
1.19 mnY) were obtained axially, covering 37 mm of tissue.
PET image series consisted of 90 frames of 120egidRs of
interest (ROI) were traced over the reference awedted
tumours, on the last frame of the dynamic imagéesemland
applied to all preceding frames. Radioactive decayected
FDG-uptake curves were generated, and analyseddicgdo
a previously described mathematical moddelThe PET
images were analysed with the Sherbrooke LabPEfivacs
(Université de Sherbrooke, Sherbrooke, QC, Cand€agtic
analysis and curve-fitting were performed using GraphPad
Prism software (GraphPad Software Inc., San Diega,
USA).

Immunohistochemical analysis (IHC)

Briefly, EMT-6 tumour bearing mice were injecteddagh the
caudal vein with PBS or indomethacin, and 30 mtarlamice
were treated with PDT or LPS as described abovenolus
were excised, washed with PBS, and fixed with 2%ebed
formaldehyde; immediately, 1, 2 and 3 h after PBT,3 h
after LPS injection. After a 24 h fixation periddmours were
embedded in paraffin for sectioning. Paraffin entdss=t
histological sections (Bm) were sectioned with a microtome,
mounted on silanized slides (in duplicate), dewaixexlylene,
and rehydrated through graded alcohols. An additieet of

PET was performed using a LabPET™ (Gamma Medigctions, which served as negative controls, weeated
Sherbrooke, QC, Canada) small animal scanner, &igh75 similarly, but without the primary antibody. Othsections,
cm axial field of view, and a transaxial resolutioin1.35 mm known to react with antibody, were used as positiostrols.
FWHM (full width at half-maximum peak height) (Ben®n et First, antigen retrieval was performed by heat tineat in
al., 2009¥! The mice were anesthetized (2.5% isoflurane #itrate buffer for 30 min, using a vegetable steanfdter
medical Q), and a butterfly needle-30G1/2 was placed in thigocking overnight with 20% BSA, sections were ibated 2

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 3
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h at room temperature, with the following primanmibodies,
directed against the following proteins: Annexin (¥:100;

Santa Cruz Biotechnology, USA, CA), and PMN directe

against rat neutrophils (1:100, Cedarlane, Canadd). For
macrophage detection, sections were incubated 2 rocan
temperature with IBA 1 (1:100; Wako Chemical USAANV
without the blocking step. The appropriate HRP-ogajed
secondary antibody (goat anti-rabbit; sc-2004 fi®amta Cruz
Biotechnology, USA, CA) was used for
antibody, and incubated for 1 h at room temperatuabeling

was revealed using diaminobenzidene (DAB) (Roch€, Q

Canada). Slides were counterstained with hematoxgliides
were dehydrated through graded alcohols, clearédxyiene,
and cover-slipped using Permount mounting mediahi
Scientific, Canada, ON}

All slides were analysed using light microscopyden
either 400X or 600X magnification. Staining intaies of
each slide (6-8 fields) were quantified using thmeage J
program (NIH, USA), and thus used to quantify tegponse?
Although IHC may be less sensitive than Westerttinlp, the
advantage of IHC is that it allows observationrghct tissues,
and this without extraction or digestion proceduk&/ih IHC,
the detection of a given antigen, provides a rédiddasis for
comparisons between tissues that are treated Wwéhsame
experimental conditions.

Data analysis

Data are presented as mean + standard error oimien
(SEM) taken from 3-4 animals.
different conditions were performed using analydisariance
(ANOVA) with Tukey's multiple comparisons test.

Due to multiple comparisons, and for the purposelafity,
we have given the degree of statistical signifieame the
legend to the figure, as opposed to labels (suchsssrisk),
directly on the graphs or within the tables.

Results

Response to L PS and inhibition by Indomethacin

Table 1. FDG tumour uptake rates after LPS injectivith and without
Indomethacin, over a 3h period.

FDG-uptake rates (count/pixel/min)

Reference 5.48 £0.19
LPS 7.51+0.15
LPS + Indomethacin 443 +£0.22

2The average FDG tumour uptake rates during af8ision are expressed
relative to the total amount of FDG at the endhaf scan (Cauchon et al,
2012). Probability values P are, LPS vs Referem€0.0001, LPS +
Indomethacin vs Reference: P<0.01, LPS vs. LPS dorfrethacin:
P<0.0001.

4| J. Name., 2012, 00, 1-3

Page 4 of 11

A o °

o

(& » s -

Time (min) 120 150 180

each primary

0.8+

Relative FDG uptake
(counts/pixel)

0.4

T T T 1
90 120 150 180

Time (min)

T
60

Fig. 1 Effect of LPS and Indomethacin on tumour FDG-uptake during a 3 h
period. Top panel: PET scans showing FDG uptake in transaxial slices of LPS
treated and reference tumours, with and without Indomethacin, at different
time intervals after the start of FDG infusion. (A) Reference tumour; (B):
Tumour directly injected with LPS; (C) LPS-treated animals which received
Indomethacin (i.v.) 30 s prior to starting the PET scan. Lower panel:
corresponding FDG uptake curves generated from such tumours during a 3 h
period. Probability values are: LPS (B, blue) vs Reference (A, black), P<0.0001;
LPS + Indomethacin (C, red) vs Reference (A, black), P<0.01; LPS (B, blue) vs LPS

Comparisons betweeimdomethacin (C, red), P<0.0001.

A
probability of P< 0.05 was considered statistically significant.

Over the 3 h scanning period, a progressive iseraa
tumour FDG-uptake was visible on the PET scans idiately
after LPS injection (Fig. 1: top panel), and theresponding
curves of FDG uptake in relation to time (Fig. dwer panel)
were derived from the PET scans.

Compared to the reference tumour, treatment wils L
resulted in a 40% increase in the FDG-uptake ragble 1),
and a 37% higher total tumour FDG accumulatiomateind of
the scan. Pre-administration of indomethacin to LiR&ted
mice, caused a reduction of about 50% in the FDGkeprate
when compared to animals which received LPS but no
indomethacin (Fig. 1; lower panel and Table 1).
Administration of indomethacin alone had no sigrafit effect
on the tumour FDG-uptake rate (data not shown).

Immunostaining of tumours excised 3 h after LPS
injection, revealed an increase in activated mdtagps, and
partial induction of cell death (Fig. 2). Pre-admsiration of
indomethacin to LPS treated mice strongly inhibited
macrophage activation, and partially reduced PMpression,
but had no significant effect on cell death (Fig. 2

This journal is © The Royal Society of Chemistry 2012
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PMN

Annexin V

Reference tumour

LPS treated tumour

Reference tumour + indomethacin
LPS treated tumour + indomethacin

J |
1 2l

Annexin V

A A
I B:
27 g\ C:
[ D:

Intratumoral primary antibody expression

IBA

PMN

Fig. 2. Immunohistochemistry (IHC) of LPS and/or Indomethacin treated
tumours. Tumours were excised 3 h post LPS and/or Indomethacin treatment,
and stained with Annexin-V (cell death marker), IBA 1 (marker for activated
macrophages), or PMN (polymorphonuclear leucocytes). Top panel shows
immunohistochemical slides, and lower panel shows corresponding staining
intensities relative to untreated tumour tissue (6-8 fields) presented as bar
plots. For comparison of the difference between LPS vs Reference, a P<0.0001
was measured for antigens (Annexin-V, IBA 1, PMN). For LPS + Indomethacin vs
Reference, a P<0.001 was measured for antigens (Annexin-V, ABA 1, PMN). In
contrast, for LPS vs LPS + Indomethacin, a statistically significant difference
(P<0.001) was found for only IBA 1 and for PMN.

Tumour responseto PDT and effect of Indomethacin

Table 2. FDG-uptake rates before, during and &fF, with and without
Indomethacin, over a 3h period.

FDG-uptake rate$(counts/pixel/min)

my my ms
Reference 4.92+0.14 6.46 +0.05 5.47 £ 0.02
PDT 4.83+0.11 4.04 +0.07 4.79 +0.03
PDT + Indomethacin 5.01+0.20 6.08 £0.19 3.02040

@ The FDG uptake-rates before {jmduring (m) and after PDT (g) are

expressed relative to total FDG at the end of éathscan and calculated

from FDG uptake curves presented in Fig. 4. No igamt (P>0.05)

difference was detected between thevalues of reference, PDT or PDT +

Photochemical & Photobiological Sciences
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Fig. 3. Effect of Indomethacin on tumour FDG-uptake during PDT. Top panel:
PET scans showing FDG uptake in transaxial slices of Reference tumours, and of
ZnNPS;Ce-PDT treated tumours, at different time intervals after the start of FDG
infusion. Lower panel: FDG uptake curves generated over tumours during a 3 h
period. (A) Reference tumour, no light (Black); (B) Light-treated tumour (Blue);
(C) Light-treated tumour of animals which received Indomethacin (i.v.) 30 s
prior to starting the PET scan (Red). : Probability values were: PDT (B, blue) vs
Reference (A, black), P<0.001; PDT + Indomethacin (C, red) vs Reference (A,
black), P<0.0001; PDT (B, blue) vs PDT + Indomethacin (C, red), P<0.01.

Over the 3 h scanning period, changes in tumouG+D
uptake immediately after PDT, with and without inuetha-
cin, are visible on the PET scans (Fig. 3, top Ppaaead on the
corresponding FDG-uptake curves (Fig. 3, lower paf@om
these curves the FDG-uptake rates before),(during (m),
and after (n PDT, were calculated (Table 2), as well as the
percent change in the rates (Fig. 4). Delay-toarsp (1) and
delay-to-recovery &2) times were also estimated from the
tumour FDG-uptake curves (Fig. 5).

A: Reference tumour

B: PDT treated tumour

C: PDT treated tumour + indomethacin
W m;vsmy

I mj Vs my

254

% changes in FDG uptake-rates
(=]

-50

754

Indomethacin. A significant difference was detecfed m, values as Fig. 4. Percent change in tumour FDG-uptake rates as a result of PDT (derived
follows: PDT vs reference (P<0.0001), and PDT vsTPDIndomethacin from Table 2). Probability values during illumination were: PDT + Indomethacin
(p<0.0001)' Among g values, a significant (p<0.01) difference wags Reference, P<0.01; PDT vs PDT + Indomethacin, P<0.0001. Probability values
detected between reference vs PDT, as well as betw®T vs PDT + after illumination were: P<0.0001 for PDT vs Reference, for PDT + Indomethacin

Indomethacin (P<0.0001).

This journal is © The Royal Society of Chemistry 2012

vs Reference, and for PDT vs PDT + Indomethacin.
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751 A: Reference tumour

B: PDT treated tumour

C: PDT treated tumour + indomethacin
Hl : response delay time, A,

EZ : recovery delay time, A,

50+

Delay times (min)

Fig. 5. Delay times affecting FDG uptake-rates during and after PDT (derived
from Fig. 3). (A) Reference tumour; (B) PDT treated tumour without
Indomethacin; (C) PDT treated tumour with Indomethacin. Probability values
for A; were as follows: PDT vs Reference, P<0.01; PDT + Indomethacin vs
Reference or PDT, P<0.0001. Probability values for A, were as follows: PDT vs
Reference or PDT + Indomethacin, P<0.05.

For PDT treated mice, the FDG-uptake rate decceafier
a 16 min delay-to-respons&if, and showed a 9 min delay-to-
recovery Q2) (Fig. 5). Pre-administration of indomethacin
prior to PDT caused a significant change in the Fip@ake
profile, such that during the light-on period themas an
increase in the tumour FDG-uptake rate (Tabler2xdntrast,
immediately post-illumination (8) a strong decrease in the
uptake rate, relative to ior me, was observed in the group
pre-administered indomethacin (Table 2). Over theeriod,
the total tumour FDG-uptake was reduced by aboun 12
following treatment with indomethacin, which amoenhtto a
30% reduction when compared to the reference tuniiigr
3). Treatment with indomethacin also had a sigaificeffect
on the delay times (Fig. 5). A change in the FD®&alp rate
(delay-to-responseA1) was increased to about 43 min,
whereas the delay-to-recoverf.) was reduced to near zero
(Fig. 5). Thus in the presence of indomethacin, dnep in
FDG-uptake which normally occurs during PDT2 ndid not
take place (Fig. 4 and Table 2). Instead there avasop in

Page 6 of 11

Journal Name

Intratumoral Ibal expression

144 EEH A: Reference tumour (no PDT)

Hl B: PDT treated tumour

B C: Reference tumour ( no PDT) + indomethacin
[ D: PDT treated tumour + indomethacin

124

1 2
Time post-illumination (h)

Fig. 6A. Immunohistochemistry (IHC) of PDT treated and Reference tumours.
Tumours were excised 0-3 h post-PDT and stained with IBA 1. Staining
intensities relative to untreated EMT-6 tumour tissue (6-8 fields) are presented

FDG-uptake post-illumination (gh which was very short as bar plots. A probability of P<0.0001 was calculated for PDT vs Reference; or

lasting (Fig. 4 and Table 2).

for PDT vs Reference + Indomethacin, or for PDT + Indomethacin after 0 and 1 h

post illumination.

To correlate these changes in tumour FDG-uptates @
possible cellular and molecular responses whichiamedcute
localized inflammation, we analysed the treated @idrence
tumours at various times (0-3 h) post-PDT,
immunohistochemistry (Fig. 6). These data show tRBI(T
activated macrophages immediately post-illuminatiand
macrophage levels returned to baseline by 2 h @49. In
contrast, although PMN expression increased imnelgia
post-illumination, it remained high, up to 2 h afeDT (Fig.
6B). Annexin V expression (cell death) reached aimam at
the last observation point (3 h post-PDT) (Fig. .6€)e-
administration of indomethacin prior to PDT blocked
expression of all three selected immunohistocheyimtirkers

(Fig. 6).

6 | J. Name., 2012, 00, 1-3
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14+ E=# Reference tumour (no PDT)
El PDT treated tumour
BH Reference tumor (no PDT) + indomethacin
127 1 PDT treated tumour + indomethacin
g
‘w10
g
5
z "
~
w64
g
£
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Fig. 6B. Immunohistochemistry (IHC) of PDT treated and Reference tumours.
Tumours were excised 0-3 h post-PDT and stained with PMN. Staining
intensities relative to untreated EMT-6 tumour tissue (6-8 fields) are presented
as bar plots. Probability values were as follows: PDT vs Reference, or for
Reference + Indomethacin, or PDT + Indomethacin, P<0.0001 (1 and 2 h); PDT
vs Reference, or Reference + Indomethacin, P<0.001 (0 h), PDT + Indomethacin
vs Reference + Indomethacin, P<0.05 (1 h and 2 h) and PDT + Indomethacin vs
Reference or PDT, P<0.01 (3 h).

This journal is © The Royal Society of Chemistry 2012

14+ EZE Reference tumor (no PDT)

Ml PDT treated tumour

EH Reference tumor (no PDT) + indomethacin
[ PDT treated tumour + indomethacin

Intratumoral Annexin V expression

1 2
Time post-illumination (h)

Fig. 6C. Immunohistochemistry (IHC) of PDT treated and Reference tumours.
Tumours were excised 0-3 h post-PDT and stained with Annexin v. Staining
intensities relative to untreated EMT-6 tumour tissue (6-8 fields) are presented
as bar plots. Probability values were as follows: PDT vs Reference; Reference +
Indomethacin, or vs PDT + Indomethacin, P<0.0001 (3 h); PDT vs Reference or
Reference + Indomethacin, P<0.01 (2 h), and PDT vs PDT + Indomethacin,
P<0.05 (2 h).
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Discussion

In the laboratory and the clinic, PET imaging iquantifiable
tool used in standard diagnostic nuclear medié&t€ Among
various radiotracers used for this purpose, FDGhé most
prominent, since it allows detection of metabolictiaty,
delineation of tumours and their metastases, akasdbllow-
up to therapeutic intervention. A decrease in tumBDG-
uptake usually correlates directly with cell inaation, and/or
reduced blood flow due to vascular collap3é? In contrast,
an increase in FDG-uptake reflects augmented mixtab
activity, which may be related to activation of ladtath
pathways, cell proliferation, or inflammatié:25

Among the various photosensitizers which we ha\(/j%t

evaluated in this model, we found that the newlyeaieped

amphiphilic porphyrazine (ZnNRGs), together with a
fractionated light treatment protocol, exerted timeost

dramatic effect on the tumour FDG-uptake rfa€The FDG-

uptake profile associated with ZnNf£s-PDT was

characterized by: a short delay-to-responsg, @ decrease in
tumour FDG-uptake during illumination @n followed by a
strong recovery post-illumination @ We concluded that
this response profile involved both direct as wadl indirect
cell kill pathways, and that inflammatory mediatoese

involved in both pathways.

Due to such a central role of inflammation, in therent
study, we evaluated a possible correlation betwées
observed changes in tumour FDG-uptake rates anauum
immune responses, during and shortly after ligattfionated
PDT with ZnNPSCs. The current study showed that acut
localized inflammation induced by this PDT protoc
correlates with the post-illumination tumour FDGtaige
response. Late (beyond 3 h) systemic immune regsn
which may be activated, fall outside of the timedscof our
current study.

Non-steroidal anti-inflammatory drugs, such
indomethacin, produce their effects through theikiiton
of COX isoenzymes, of which three variants are kndw
exist?627 COX-1 is considered to be a constitutive enzym

o]

S
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Using an air pouch inflammation model, Kamachiakt
showed that oral administration of indomethaan0(01 pM)
to mice, inhibits LPS-induced production of PGE&dano
concurrent infiltration of leukocytes was detectéd similar
inhibition by indomethacin of PDT-induced inflamnwat has
previously been reported3® However, the role of PGE2 in
PDT remains controversial. Both an increase anddaation
in tumour cell sensitivity, following inhibition ofPGE2
synthesis, have been observé#. This discrepancy can be
attributed to differences in tissue COX levels, petitive
inhibition of COX by DGLA or EPA, and possible
involvement of other AA metabolizing enzymes, adllves
variations in PDT protocols. Nevertheless, it saclthat PGE2
mediate inflammation, and that there is acute Iredl
inflammation following PDT.

To establish that our FDG-PET imaging protocol can
ect acute localized inflammation, we used direjgction
of LPS into tumour tissue. The resulting FDG-uptgkefile
was characterized by a rapid, and almost lineg# 8tcrease
in the FDG-uptake rate when compared to the reéeren
tumour (Fig. 2; Table 1). Pre-administration of angethacin,
inhibited the LPS-induced effect, suggesting tin&t increase
in tumour FDG-uptake rate corresponds to a cyclgerase
mediated inflammatory response. In addition, weeobed that
compared to the FDG-uptake in the reference tumthe,
indomethacin treated animals showed a 20% deciiaas¢al
tumour FDG-uptake, which likely represents inhititi of
tumour associated inflammation.

We found that, contrary to LPS induced inflammatithe
response to ZnNRSe-PDT involved both activation of
inflammatory mediators and vascular effects. Maheges are
normally present in all tissues, including tumowasd initiate
tTne process of acute localized inflammation. Howgeve

(0]

leukocytes which normally circulate in blood, mow¢o the
inflamed tissue via extravasation. Macrophageskdeytes,
and other cells which mediate inflammation, release
substances which develop and maintain the inflarargat
response. The extent of apoptosis, necrosis atahiniatory
cell invasion was evaluated by immunohistochemistrypur
current study. Annexin V was selected for the déaoof cell
death, including apoptosis and necrosis. IBA1 is7&Da EF

whereas COX-2 is an inducible enzyme, whose leve gnd proteln. thgt 'S §peC|f|caIIy expressgd n
macrophages/microglia and is up regulated during th

increase in activated macrophages, and other etlktes
of inflammation?622 COX-2 has also been shown to be u
regulated in various carcinom&s® and to have
important role in tumourigenest3? COX-3 is a splice
variant of COX-126 Indomethacin is a potent inhibitor of all
three COX isoenzyme®. The COX isoenzymes act o
arachidonic acid (AA), and are responsible for
production of Series-2 prostanoitfsSeries-1 and Series-3
protanoids are also derived from COX activity, tigb
oxygenation of di-homo-gamma-linolenic acid (DGLa)d
eicosapentaenoic acid (EPA). However,
Series-3 prostanoids are less inflammatory thaneS&
prostanoids?

8 | J. Name., 2012, 00, 1-3

th

Series-1 an

activation of these cells. The presence of polymonuclear
éukocytes (PMN) inside tumours was estimated using
antiserum directed against rat PMNs. LPS treatedotus
showed a dramatic increase in the concentratioallothree
immuno markers (Annexin V, IBA 1 and PMN) (Fig. 3).

hen treated with indomethacin, we observed a dseréen
IBA 1 and PMN, but no effect on Annexin V expressin
LPS-treated tumours. These results show that inttaoi
inhibited inflammation but not apoptosis. In tum®unot
treated with LPS or PDT, these immuno-markers wese
aﬁected by treatment with indomethacin. This shothat
indomethacin does not have an effect on baselineldeof
these immuno-markers.

This journal is © The Royal Society of Chemistry 2012
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The effects of ZNnNP&6-PDT on tumour FDG-uptake to PDT. Our study shows the power of FDG-uptakegiimg to
were twofold (Fig. 4): first, during illuminatiorthe uptake quickly, and in a cost effective way, serve in tdpgimization
rate started to decrease 16 min after the staitusfhination of treatment protocols.

(delay-to-responseas), and second, 9 min post-illumination

(delay-to-recoveryAz) recovered to the same rate observed

prior to PDT (Table 2). Immunostaining of PDT exeds Acknowledgements
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