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of protoporphyrin IX production in CHO cells
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Abstract: 5-aminolevulinic acid (ALA) is utilized in a photodynamic therapy as a compound capable of augmenting
intracellular pool of protoporphyrin IX (PpIX), which exhibits properties of a photosensitizer. The studies were aimed at
monitoring accumulation of endogenous protoporphyrin IX in CHO cells under effect of various concentrations of ALA in
culture medium and following removal of the compound from the culture medium. Cell content of PpIX was determined
following incubation of the cells for 72 h in a culture medium containing different concentration of ALA. Moreover, the cells
were preincubated for 2 h in ALA at various concentrations and separated from the compound by medium change and their
PplIX content was monitored following incubation. PpIX content was defined by a fluorescent technique under the confocal
microscope. In the course of continuous incubation of cells with ALA, biphasic alterations were noted in cellular PpIX
concentration. Removal of ALA from the incubation medium resulted at first in a decrease in PpIX content in cells, which was
followed by an evidently augmented accumulation of the compound in the cells. The results suggested that in the case of CHO
cells, exogenous ALA was not an exclusive source of PplX synthesis and that alterations in enzyme activities were responsible
for production of PplX.
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Introduction accumulation of PpIX. Photodynamic therapy based on
ALA application is at present increasingly widely ap-
Photodynamic therapy (PDT) represents a therapeupited in clinical practice [5].
technique, in which cytotoxic effects in cells are induced Till now, particular attention has been paid to the
by light. It requires that the cells contain a photosemay, in which PplX is distributed and accumulated in
sitiser which induces the photochemical reactions leackells under the effect of ALA, which undoubtedly has
ing to destruction of the cells [15]. Photosensitizers cdarmed the basis for defining mechanisms linked to PDT
be introduced to the cells exogenously, or from an eeffects [6, 10, 12]. For induction of a clinical effect it is
dogenous source [12]. In the latter situation, protopamportant to recognise the kinetics of PpIX accumula-
phyrin IX (PpIX) is used, which accumulates in cellsion in cells, as influenced by the applied dose of ALA.
under the effect of 5-aminolevulinic acid (ALA), par-Cellular content of the photosensitizer should be optimal
ticularly in neoplastic cells [2, 4, 7, 8]. ALA is a physi-for induction of the photodestructive effect, following
ological precursor in the synthesis of heme, which is thight exposure of the treated neoplastic lesions. The
porphyrin molecule (PpIX) with an iron atom in itskinetics of PpIX formation under the effect of exogenous
ferrous state incorporated into its core. Free heme ne@a-A is thought to result from circumvented bottle-neck
tively regulates the activity of the enzyme ALA-syniinked to synthesis of endogenous ALA, the level of
thase, which catalyses the initial metabolic step [2vhich remains under control of free heme [1, 8, 11].
Addition of exogenous ALA circumvents this negative Considering that these problems may not only be of
feedback control and induces an immediate increasetleoretical significance, but also have a practical value
heme synthesizing activity, which results in intracelluldior establishing conditions of a photodynamic therapy,
we decided to define kinetics of PpIX accumulation in
CHO cells under the effect of various concentrations of
Correspondence: M. Wotun-Cholewa, Dept. Radiobiology and ALA. Moreover, we decided to examine if application
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Materials and methods course of the entire experiment and never exceeded the
value of 85 e.u.

The studies were pgrformed on tumour CHO (Chir}ese Hamster A separate cycle of experiments was devoted to
Ovary) cells, grown in RPMI 1640 supplemented with 100 g/mbjterations in PpIX content in CHO cells, which were
streptomycin, 100 U/ml penicillin, 2 mmol/l L-glutamine and 5% _ . bated with ALA for 2 h and then t P dt
FCS in a controlled CQatmosphere (5%), at 37°C. Effects ofPremncu _a ed wi or an_ en rans el’re_ 0
5-aminolevulinic acid (ALA) concentration on accumulation ofthe me_dlum free of ALA. '_I'he_obtalned res'ults are illus-
protoporphyrin IX in CHO cells were defined by continuous incubatrated in Figure 2. Following incubation with 1 mmaol/|
tion of the cells in ALA concentrations of 1, 2.5 or 5 mmol/l culturea] A the content of PplIX significantly decreased (from

medium for the period of 0, 1, 2, 4, 8, 18, 24, 48 or 72 h. Followi
that time, PpIX content in cells was evaluated using a confozg?GZ t0 548 e.u., p<0.01) 2 h after removal of ALA. An

microscope (LSM 510, Zeiss). The estimations took advantage @#gmented content of PplX was observed after 18 h
PplX-exciting laser beam of 458 nm wavelength (argon laser, H{P<0.001), with gradual significant decrease (p<0.05) in
458), while the emitted light was analysed using 585 nm filter (Lfhe Subsequent hours of the experiment (Fig_ 2). Like-
585). . _ wise, in the case of 2.5 mmol/l ALA a significant de-
Patterns of the analysed cells were captured using 512 pixel . llular PplX tent ted 2 h
measuring window (0.0530 nﬁ)nand the immersion quorescencecreaS_e (p<0.05) in cellular PpIX content was no e
objective Plan-Neofluar 401.3 Oil. Alterations in cellular Ppix following transfer of the cells to ALA-free medium.
content after removal of ALA from the incubation medium werdHowever, subsequent hours brought about a significant
defined in the following manner: CHO cells subjected to 2 h preifjncrease (p<0.001) in cellular PpIX content until 18 h of

cubation with ALA (the time was selected in a preceding experime ; :
at concentrations of 1, 2.5 or 5 mmol/l culture medium were wash ubation, when the content reached 3547 e.u. This was

thrice and placed in the same medium for another 0, 2, 4, 8, 18, llowed by a logarithmic significant decrease
48 or 72 h. After that time, PpIX content in cells was estimated {{<0.001) in cellular PplX content. Two-hour incuba-
confocal microscopy in the above described procedure. In eagbn of the cells with 5 mmol/l ALA was followed by,
experiment, cells of control group, incubated in the same way, butd')rh the average, a threefold significant decrease (p<0.05)
the culture medium devoid of ALA were evaluated. . y . ’
PpIX content was evaluated using the CytFlu 1.2 software atd cellular PpIX content 2, h following transfer of t_he
expressed in equipment units (e.u.), which reflected an averdg@lls to the ALA-free medium. In the subsequent time
intensity of fluorescence per cross-section area of the analysed cpiisriod, cellular content of the compound gradually in-
(1 mmz) Each experiment was performed in 10 independent cytregsed and between hours 8 and 24 of the incubation it

tures. Statistical evaluation of the obtained results included t : :
Kruskal-Wallis test (nonparametric ANOVA), performed using StatibeerSISted at the levels of 1082 to 1589 e.u. (Fig. 2).

istica ver. 5 software. P value <0.05 was considered significant.
Discussion

Results Properly conducted PDT initially requires an appropri-

At all tested ALA concentrations, continuous incubatiopte concentration of a photosensitizer and time which
of CHO cells resulted in a significant intensity increas@as to elapse between its application and light exposure.
of PplX fluorescence. Results of PpIX-specific fluoresAccordingly, several studies have been focused on ac-
cence estimation in a confocal microscope foIIowina:Jmmatlor_\ of photosensitizers in cells depending upon
continuous incubation with ALA are presented in Figuréheir physicochemical properties and their capacity to
1. Atany of the applied ALA concentration, the relatioenetrate into the cells [4, 14]. The finding, that 5-ami-
between fluorescence in the examined cells and durati@levulinic acid (ALA), which basically is not a

of incubation showed a biphasic character. Followingghotosensitizer itself, induces accumulation in cells
h incubation, augmented values of fluorescence weliarticularly tumour cells) of endogenous protopor-
observed in cells: to 1262 e.u. for ALA concentration d¥hyrin IX has proved especially significant. Accumula-

1 mmol/l, to 1350 e.u. for ALA concentration of 2.5ion of PpIXin cells under the effect of ALA used to be
mmol/l and to 1504 e.u. for ALA concentration of FVvaluated by analysis of fluorescence intensity, em-
mmol/l. Intensities of the fluorescence differed onlploying either culture material or cryostat sections,
slightly between individual groups, despite clear difwhich as arule, was hampered by a significant measure-
ferences in the applied ALA concentrations. In the sufent error. In our studies, the measurements of fluores-
sequent 8 h of the experiment, intensity of theence intensity were performed using a confocal
PplX-specific fluorescence significantly decreaseﬂ'\leOS(}Ope, therefore the results r_eflect a thickness of
(p<0.001) and, then, slightly significantly increaseéhe optical layer and not the total thickness of the exam-
(p<0.05) (particularly in cases of ALA concentrations dhed material m_optlcal axis of thtﬂT microscope. This has
1 and 2.5 mmol/l) to significantly decrease agaifllowed to obtain more reproducible results. o
(p<0.05). At ALA concentration of 5 mmol/l, the peak The results have demonstrated that incubation in
fluorescence (1956 e.u.) was noted in 48th h of tifeedia containing 1, 2.5 or 5 mmol/l ALA did notinduce
experiment (Fig. 2). PplX-specific fluorescence in celldccumulation of PpIXin the cells, which would parallel

of the control group did not significantly change in théhe applied ALA concentrations. Moreover, application
of extreme, five-fold higher ALA concentrations re-
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Fig. 1.Alterations in PpIX contentin
CHO cells during continuous incuba-
tion with ALA.

sulted in an increase in PplX-related fluorescence orflyorescence related to duration of the incubation. The
by 6-10%. Similar results were notedirvitro studies evident increase in the fluorescence intensity following
on human cell lines, originating from lung and bladd& h incubation was followed by its decrease (after 8 h),
cancers, in which application of higher than optimal ALAncrease and another decrease. The observed alterations
concentration resulted in a decrease in PplIX formatioshould be interpreted as a result of equilibrium between
paralleled by a decreased activity of mitochondria asynthesis of PplX in the cells and removal of PpIX due
lowered cell viability [14]. Continuous incubation of cellgo the binding of the compound to iron, its transforma-
with ALA brought about biphasic changes in PplX meation to heme or its efflux out of the cells [2].
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Fig. 2.Alterations in PpIX contentin
CHO cells, which were preincubated
with ALA for 2 h and then trans-
ferred to the medium free of ALA.

The rate of PplX formation is controlled by theporphobilinogen. As the result of subsequent reactions
slowest reactions of the biosynthetic pathway and méjeamination, decarboxylation and oxidation), catalysed
vary in different cells. At the preliminary stage of PplXby appropriate enzymes (porphobilinogen deaminase,
biosynthesis, 5-aminolevulinic acid is synthesized in theoporphyrinogen decarboxylase, coproporphyrinogen
mitochondrial matrix from glycine and succinylCoAoxidase and protoporphyrinogen oxidase) PplX is
under the effect of ALA-synthase. Subsequently, ALAormed, from which, following addition of iron (ferro-
finds its way to the cytoplasm, in which in the presencshelatase - mitochondria), heme is produced [10]. In
of ALA-dehydratase (ALA-D) it becomes condensed toases of augmented heme production, activity of ALA-



Protoporphyrin IX production in CHO cells 135

synthase is inhibited due to a negative feedback [3]. Foechanism, inducing a higher intracellular accumula-
that reason, the cells do not accumulate intermedidien of the sensitizer.
products of PplX synthesis or heme.

Considering the above biosynthetic pathway of PplReferences
and heme, the ALA incubation-related augmented syn- _ _
thesis of PplIX in the cells could be interpreted as aril] Batlle AMC (1993) Porphyrins, porphyrias, cancer and photo-
effect of bypassing the exogenous ALA of the slowest gmi%'ﬁ) ltgg_rgl_’%’z' a model for carcinogenesis. Photochem
reaction whlch_con'grols the dynamics of PplX fqrmatlop 2] Bartosova J, Hrkal Z (2000) Accumulation of protoporphyrin-
[7]. In such a situation, one should expect that increased |x (Ppix) in leukemic cell lines following induction by 5-ami-
content of PpIX should develop as a second-order reac- nolevulinic acid (ALA). Comp Biochem Physiol 126: 245-252
tion and the maximum value should for certain time3] EOttom'ey hSS,_ Mg"ef'ﬁbefhafleé (%ggz)ozathophys'o'ogy of

H H : eme synt esis. Sem Hemato . -
exhibit platf_aau, _as_ Ior!g as the SyntheSIS of Pplx. WII4] Cosserat-Gerardin |, Bezdetnaya L, Notter D, Vigneron C,
balance off Its elimination. In cases of _S€V€I’6_1| cell I'n_e » Guillemin F (2000) Biosynthesis and photodynamic efficacy of
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