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Figure 4. In vivo tumorigenesis in HIF-1a-disrupted xenografts. A and B, xenograft growth after implantation of 5.0 x 10® HCT116 and HCT116" "~ cells

(A; n = 20) or RKO and RKO™ 1/~ cells s.c. (B; n = 20). *, P < 0.01, comparing parental with both clones of HIF-10~'~ xenografts at the same time point.

C, immunohistochemistry of HCT116, HCT116/F7*~/~ RKO, and RKO""F"*~/~ xenografts. Row 1, CD31 staining for MVD (red); row 2, Hoechst 33342 perfusion
as a measure of tumor blood flow (blue); row 3, H&E staining; row 4, pimonidazole (Pimo) staining for hypoxic regions (brown); row 5, BrdUrd incorporation in
proliferating cells (brown). The sections in rows 3 to 5 are serial sections. Asterisks, examples of concordant regions of pimonidazole staining (hypoxia) that do not stain
with BrdUrd (no proliferation). Bar, 200 um. D, pimonidazole staining for functional hypoxia in VEGF ™'~ and VEGF ~'~HIF-14~'~ knockout xenografts. Brown areas,
functional hypoxia. Bar, 200 um.

Cancer Res 2006; 66: (3). February 1, 2006 1690 www.aacrjournals.org

Downloaded from cancerres.aacrjournals.org on April 9, 2011
Copyright © 2006 American Association for Cancer Research



DOI:10.1158/0008-5472.CAN-05-2887

HIF-1ac Promotes Nonhypoxia-Mediated Proliferation

g 2 150
; q 3 5| Endogenous _
VEGF locus E
2 100!
=
i
ITR | HA P Neo pA HA ITR AAV-Neo-VEGF g 50
v N B
1P S - o~ o - o
E 3 E - s Targeted VEGF = hy ¥ £ Tor
allele 1 5 d w N "
| T 2 3 9] G
S g .
4 ] | e B Targeted VEGF e © o 0O
allele 2 s c F T
Q o
T I
c L D
T 12 HCT116
i -
: 3 ®ox
- o o O 1%
£ Y I I S 3 1.0
NN NN ~ N 4 og
$ 4 4 4 Fo% R
€ & & 8§ I o & T HCT116
© © > > S g 89 50-8
T r - ©- % 5 58 o
5 6 6 6 2 2 ¢¢ £
I I T T o o o o S 0.6
S 0.
HIF-1o . - .- g \ VEGF-/-#1
F o4 VEGF-/-#2
o-tubulin - FIER RIS I :
& VEGF—/- HIF-1a/~ #1
VEGF—/- HIF-10—/~ #2
0.2
. 5
0 7 14 28 35 42 49 56 63 70 77 84
E Time (days)
1.8
RKO "
1.6
1.4
T 12
5
- HIF-1a-/- #1
510 RKO
o
08 HIF-10-/~ #2
€
5
06
_ VEGF -/~ HIF-1a-/- #1
0.4 -~ VEGF-/- HIF-1a—/- #2
JVEGF—/—M
02y s = = . -=OVEGF / #2
_—”‘
0
0 7 14 21 28
Time (days)

Figure 5. Disruption of VEGF and in vivo tumorigenesis. A, disruption of VEGF. Endogenous VEGF locus, AAV knockout construct, and resulting targeted locus.
Numbered boxes, exons; black boxes, targeted exon 2; ITR, inverted terminal repeats; HA, homology arm; P, SV40 promoter; Neo, neomycin-resistance gene;
PA, polyadenylate tail; striped triangles, loxP sites. B, confirmation of loss of VEGF by ELISA. C, confirmation of loss of HIF-1a by Western blot analysis

with anti-human HIF-1a and anti-human a-tubulin antibodies (for loading). D and E, xenograft growth after implantation of 5.0 x 10® HCT116, HCT116"77*~/~,
HCT116VEGF '~ and HCT116VECGF ~/~HIF-12-/= celis (D; n = 20) or RKO, RKOMF1*~/= RKOQVEGF /= and RKQVEGF~/~HIF-12-/~ cells (E; n = 20). *, P < 0.01,

comparing parental cells with both clones of HIF-1o =/~

xenografts at the same time point; **, P < 0.01, comparing parental cells with both clones of VEGF '~ xenografts

at the same time point; ***, P < 0.01, comparing HIF-1o '~ xenografts with VEGF '~ HIF-1a~'~ xenografts at the same time point; ****, P < 0.01, comparing

VEGF ™'~ xenografts with VEGF~~HIF-12~'~ xenografts at the same time point.

Despite the expanded hypoxic compartments within RKO"*" /=

compared with RKO xenografts (Fig. 4D versus Fig. 4C, row 4),
the presence or absence of HIF-loo did not alter tumor pimo-
nidazole uptake or volume (Figs. 4D and 5E respectively,
RKQVECF~/~HIF-Ix =/ yorgus RKOYEF /7). These findings support
the conclusion that HIF-lao may not be essential for the gross
maintenance of tumor hypoxic compartments.

Discussion

As with previous studies that report the effects of HIF-Ix
using established cell lines, our data should be interpreted

within the tumor-specific genetic alterations of the cells studied.
It is also important to note that although our findings within
the in vivo nonhypoxic compartments are consistent with our
in vitro findings under normoxia, it remains unknown how
in vivo and in vitro oxygen tensions may correlate. With these
caveats in mind, several novel conclusions can be drawn from
this study.

First, HIF-la is a positive regulator of cell proliferation in
HCT116 cells grown in normoxic culture ir vitro. Furthermore,
HIF-la mediates the Warburg effect in HCT116 cells. To our
knowledge, these are the first data to directly demonstrate the
role of HIF-la on aerobic glycolysis and cell proliferation in a
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human colon cancer cell line. These findings are consistent with
the literature that HIF-la is a positive growth factor that is
regulated by oncogenic mutations.

Second, HIF-1a is a positive regulator of cell proliferation within
the nonhypoxic compartments of HCT116 xenografts in vivo.
Furthermore, in these tumors, disruption of HIF-1o is additive with
disruption of VEGF in suppressing growth. To our knowledge,
these are the first data to demonstrate the role of HIF-1a in the
proliferative compartment of certain tumors. Furthermore, the
biological effects of HIF-la. and VEGF can be independent and
additive.

Third, although HIF-1a is absolutely essential for cell proliferation
and survival under hypoxia in vitro, it does not grossly contribute to
the bulk of the hypoxic compartments in this subset of xenografts.
That HIF-1a is essential for cell proliferation and survival under
hypoxia in vitro is consistent with previous reports. The finding that
HIF-1a does not grossly contribute to the hypoxic compartment
in vivo would suggest that either compensatory or cooperating
mechanisms are activated in these tumors. Thus, other factors may
need to be disrupted to appreciate the global effects of HIF-1a within
the hypoxic compartments of xenografts.

A potential clinical implication from these data is that therapy
with anti-HIF-1a agents may be effective against tumors in which

HIF-1a contributes to nonhypoxic cell proliferation. Moreover, in
this subset of tumors, anti-HIF-1a therapy may be additive with
antiangiogenic therapy. Certainly, further investigations are war-
ranted and ongoing. The mechanisms by which HIF-1a regulates
aerobic glycolysis and cell proliferation are not fully delineated.
The cell-specific mechanisms that render a cell dependent or
independent on HIF-1a remain to be determined. The mechanisms
by which cells compensate in the absence of HIF-1a are not yet
identified. Nevertheless, these are the first data to directly show
that HIF-1a regulates nonhypoxia-mediated proliferation in colon
cancer cells and xenografts.
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