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Effect of retinoic acid on the bystander effect in gene therapy using
the Herpes Simplex Virus thymidine kinase
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Background : Metabolic cooperation via gap junctional intercellular communication (GJIC) is
an important mechanism of the bystander effect in gene therapy using the Herpes Simplex Virus
thymidine kinase/ganciclovir (HSVtk) “prodrug” system. Since retinoids have been reported to
increase GJIC by induction of connexin 43 expression, we hypothesized that treatment of tumor
cells with retinoic acid could augment the bystander effect of the HSVtk/GCV system and result
in improved tumor cell killing by enhancing GJIC.

Methods : We transferred HSVik gene to SKHep-J cell line that does not express connexin43,
and also transferred the gene to human and murine mesothelioma cell lines that express
connexind3. We verified that retinoic acid enhanced GIJIC utilizing a functional double-dye
transfer study and evaluated the effects of retinoic acid on the growth rate of tumor cells. We
then tested the effects of retinoic acid on bystander-mediated cell killing.

Results : Addition of all-trans retinoic acid (RA) increased GJIC in cell lines expressing connexin
43 and was associated with more efficient in vitro bystander killing in cells transduced with HSVtk
via adenoviral and retroviral vectors. In contrast, there was no increase in the efficiency of the
bystander effect after exposure to RA in a cell line which had no detectable connexin 43.

Conclusion : These results provide evidence that retinoids can augment the efficiency of cell
killing with the HSVtk/GCV system by enhancing bystander effect and may thus be a promising
new approach to improve responses in gene therapy utilizing the HSVik system to treat tumors.
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Fig. 1. Double-dye FACS analysis of gap junctional intercellular communication(GJIC) for the AB12 cell line. (A)

Log calcein fluorescence (green) (Y axis); log PKH26 fluorescence (red) (X axis); each dot represents a
counted cell (10,000 cells total for each analysis). The cursors were set using PKH26 and calcein-labeled
cells without co-culture. Results show that PKH26-stained cells are located in quadrant 4, and calcein
-labeled cells are located in quadrant 1. The box in quadrant 2 was set so that less than 1% of
PKH26-labeled cells appeared in this area in the absence of co-culture. (B) Double-dye FACS analysis of
GIIC in the absence of RA,. When cells were co-incubated for 3h at high density, PKH26-labeled cells
appeared in the box in quadrant 2, indicating gap junctional transfer of calcein green dye. (C) Double-dye
FACS analysis of GIIC after exposure to 10-6 M RA for 5 days. Compared to fig. 1B, more
PKH26-labeled cells appear in the box in quadrant 2. (D) The level of GIIC (% communication) is
summarized in this histogram as 100 x [(the number of cells in the box in quadrant 2) + (total number
of cells in quadrant 2 + quadrant 4)]. As seen in this figure, the % communication of ABI2 cells in the
presence of 10-6 and 10-8 M RA was about three fold higher than AB12 cells in the absence of RA. 10-10
M RA also had no effect on GJIC.
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3¢ EFolA #2FHAHFig 2B & 20C). AB12 A
0] retroviral vector® ©]-£3Fo] HSVtk &-2=}
7} o]y ¥ HSVik M EL AR ol{lHA
%2 HSVtk SAHAEE 3:72 41%0& w9 RA
35 o] wE bystander effect?] x}o)+= Fig. 33} 7
th 10° M3} 10° M RA 2|39 bystander effect
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Table 1. Effect of all-trans retinoic acid on the growth of SKHep-J and ABI12 cells

SKHep-J ABI2
Control 2.14 (+0.48) | 2.15 (+022)
DMSO(0.01%) 2.16 (+0.34) 2.08 (%0.19)
All-trans retinoic acid
10-10 M 2.15 (+0.29) 2.13 (+021)
108 M 2.15 (+0.08) 201 (+0.25)
106 M 2.08 (+0.21) 2.04 (+0.11)

On day 0, SKHep-J cells and ABI12 cells were plated at 1x10° cells per well and 5X10° cells per well,
respectively. After 5 days of culture, mean cell number (><106) (*standard deviation) of four replicate wells

were determined.

3) In vitro, bystander effect

RA 9] bystander effecto] v]X|= QS ZASHY)
Asl 2 Pl A 3714 A ZFelA RAE A
23t oA 2] bystander effect®} RA #|&]3}1#] of
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o] retroviral vector(RVSV40tk)Z  ©]-£3}o]
HSVtk 825 o]3lg $ A% “mixing study”
9] A= Fig. 2A9} Zo] RA A /7o w&
bystander effect?] x}o]&= glgith o]o] B]3] REN
A EF2} ABI2 AXFoM= RAZ AME§ 1o
A thzToll B8 bystander effectel] 23 A/d &7
7F FoEHA SUtE e ol Adane] F
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Fig. 2. In vitro mixing experiments in the presence (10° M) and absence (0 M) of RA. X-axis, varying mixture

of HSVtk+ and HSVtk- cells; Y-axis, percent of cells surviving expressed as a percentage of HSVik-

control cells after exposure to 20 uM GCV for 5 days. Viable cells were determined using a colorimetric

assay for viable cell dehydrogenase activity. (A) For the SKHep-J cell line, no significant ditference in

cell killing were observed in the presence or absence of RA. Data represent means (n=4 wells for each
mixture of cells) = SEM (bars). (B) For the REN cell line, exposure to 10° M RA resulted in a greater
degree of cell killing at varying mixtures of HSVtk+ and HSVtk- cells when compared to the non-RA

treated cells (*p < 0.05). Similar results were seen when cells were transduced with HSVtk with either
adenovirus or retrovirus vectors. (C) For the AB12 cell line, exposure to 10° M RA also resulted in more
efficient cell killing at varying mixture of HSVtk+ and HSVitk- cells when compared to the non-RA

treated cells (*p < 0.05). Similar results were seen when cells were transduced with HSVtk with either

adenovirus or retrovirus vectors.
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Fig. 3. Bystander effect at varying doses of RA.

Shown is the degree of cell survival when
30% of AB12 cells express HSVtk and are
exposed to 20 uM GCV (expressed as a
percent of control cells which have not
been exposed to GCV). Fewer cells survive
when treated with RA at 10° and 10° M
compared to non-RA treated cells (0 M). At
10" M RA, no additional bystander killing
was observed compared to non-RA treated
cells. (*p<0.05 compared to cell survival at
0 M RA). Compare this figure to figure 1D
which also shows no increase in GJIC at
concentrations of RA less than 10° M.
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