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Pharmacodynamics of Tirapazamine in Histocultures of
a Human Lung Adenocarcinoma Xenograft
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ABSTRACT - Hypoxia in solid tumors is known to contribute to intrinsic chemoresistance. Histocultures are in vitro 3
dimensional cultures of tumor tissues and maintain the characteristic microenvironment of human solid tumors in vivo
including hypoxia and multicellular structure. In this study, we evaluated the pharmacodynamics of tirapazamine (TPZ), a
hypoxia-selective cytotoxin, in human non small cell lung cancer (NSCLC) cells grown as monolayers and histocultures.
Antiproliferative activity of TPZ was determined after various conditions of drug exposure, and cell cycle arrest and apo-
ptosis were also measured using flow cytometry. In monolayers, hypoxia selectivity measured by hypoxic/normoxic cyto-
toxicity ratio was increased with longer exposure. Lower cytotoxicity of TPZ was observed in histocultures compared to
monolayers, however, a similar level of cytotoxicity was obtained with longer exposure of 96 hr. TPZ induced G,/M arrest
and apoptosis in both culture conditions, which were greatly enhanced under hypoxic condition. Our data clearly showed
the different pharmacodynamics of TPZ in monolayers and histocultures. Antiproliferative activity of TPZ against human
solid tumors can be improved with longer drug exposure by exploiting drug delivery systems or by combining angiogenesis

inhibitors to maintain drug concentration in tumor tissue

S.
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Figure 1-Dose-response curves of antiproliferative activity of tirapazamine in A549 cells grown as monolayers under normoxic (A), or hy-
poxic (B), and as histocultures (C) grown on collagen gel. Cytotoxicity was determined after incubation in drug free medium until 96 hr fol-
lowing respective treatment durations. For example, the cytotoxic effect of the 6 hr treatment was measured after a 90 hr delay. Symbols are
@ 6hr; M, 12 hr; @, 24 hr; ¥, 48 hr; A, 72 hr; O, 96 hr.
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Table I-Antiproliferative Activity of TPZ in A549 Cells Grown in Monolayers (Under Normoxic

Histocultures of Human Tumor Xenograft

EEE R

and Hypoxic Condition) or

Treatment time (hr)

Parameters
6 12 24 48 72 96
Nt 145179 60.7:4.0 427+13 31.9+1.1 27413 38.4+8.8
Monolayers Ht [Cs0 (uM) 12023.6* 33.9£1.0° 18.3£0.9° 93+£1.2° 8.4+0.1° 8.1+£2.2°
HCR 1.2 1.8 23 3.4 33 4.7
Histocultures ICso (UM) 22831103  140.9+10.8 ND 822+17.4 ND 38.1+5.0

Each value represents the mean+S.D. of three independent experiments.

“Statistically significant (P<0.01) differences between ICsy's of TPZ under hypoxic (2% O,) vs. normoxic conditions.

Nl normoxic condition (21% O,)
H* hypoxic condition 2% O5)
ND, not determined

K=
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Figure 2—Representative DNA histograms showing cell cycle arrest
effect induced by tirapazamine in A549 cells grown as monolayers
under normoxic (21% O,) condition (B, C), or hypoxic (2% O,) con-
dition (D, E), and as histocultures (F, G). DNA histograms were ob-
tained at 12, 24, and 48 hr post-treatment in monolayers and at 48
and 96 hr in histocultures.
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Figure 3—Simultaneous analysis of cell cycle arrest and apoptosis in-
duced by tirapazamine in A549 cells grown in monolayers (A) and
histocultures (B). Multi-color density plots were constructed after bi-
variate analysis on DNA histograms obtained with FITC-dUTP
(TUNEL labeling intensity) and PI (DNA content) double-stained
samples. The density levels are calculated as a percentage of the total
event number. The density levels are not based on the maximum
number of events. The lowest level represents 10% of the total num-
ber of events, the next level represents 30%, then S0, 70, and 90%.
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