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= .0002). Microvessel density at the tumor edge was an in-
Background: Angiogenesis (formation of new blood vessels) dependent predictor of metastasis for this series of patients
is associated with tumor growth and metastasis in patients (odds ratio = 1.19; 95% confidence interval = 1.07-2.8® =
with solid tumors, including those of the head and neck. .04). A-431 cells and tumor specimens exhibiting high levels
Nitric oxide (NO) production may contribute to these pro- of NOS activity induced angiogenesis in the rabbit cornea
cesses. We assessed the role of the NO pathway in angiogerassay; when NO production was blocked, tumor angiogene-
esis and tumor progression in patients with head and neck sis and growth were repressedConclusions: The NO path-
cancer. Methods: Biochemical assays were used to measureway appears to play a key role in tumor angiogenesis and
NO synthase (NOS) activity and cyclic guanosine monophos- spread in patients with head and neck cancer. [J Natl Cancer
phate (cGMP) levels in specimens of tumor and normal mu- Inst 1998;90:587—-96]
cosa obtained from 27 patients. Microvessels in tumor speci-

mens were |ant|f|ed bY ?D-Sl-specmc. immunohis- Squamous cell carcinoma of the head and neck is among the
tochemical staining. Associations between microvessel den-

ties levels of NOS. and cGMP ined b fmost common human cancers and remains a major cause of
sities, “evels ot NUs, and ¢ Were examined by use o mortality and morbidity throughout the worlfll). The most
two-sided statistical tests. Tumor specimens and human

squamous carcinoma A-431 cells were grown as explants on
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important prognostic factor in patients with head and neck cargthologic characteristics of these patients are shown in Table 1. All tumors were
cer is the presence of Iymph node metastasis that correlates W’ﬁﬁ)logically confirmed to be squamous cell carcinomas and were graded as

. . . || differentiated, moderately differentiated, and poorly differentidf@j21).
Iocoreg|0nal recurrence, distant metastatic spread, and Sur\/w%‘amples of the tumor core, the invasive edge of the tumor (tumor edge), and

(). _AS do_Cumented in_ _bOth clinical and e)_(perimental studi@Sacroscopically healthy mucosa (control) were obtained from surgical speci-
[reviewed in(3)], the ability of tumor cells to induce new bloodmens taken from each patient for NO analysis and angiogenesis assay. The
vessel growth (angiogenesis) is a critical factor in determinimgrtion of primary tumor was obtained by superficial biopsy of either the tumor
tumor size as well as regional and distant tumor spread. If tun%l}k or the edge of the malignant ulcer for more infiltrative cancers. Samples of
. i identified t d tak t the t iphery, wh
angiogenesis is limited or prevented, tumor cells are much mdpa-e 'dentified as tumor edge were taken at the tumor periphery, whereas
. . Samples of control mucosa were obtained from a macroscopically uninvolved
likely to.undergo programmed cell death (apoptosis) and tUMQEa 2-5 cm away from the tumor.
growth is strongly reduced. On the basis of the hypothesis that N
inhibition of angiogenesis results in a reduction of tumor siZe€ll Line and Culture Conditions
f”md meta_StaseSv several am'?ngmgen!c d_rUgs are presently Ungi@fnan epidermoid carcinoma A-431 cells were obtained from the American
investigation as new therapeutic strategies in cancer trea(d)Bnt Type Culture Collection (Rockville, MD). Cells were maintained in culture in
Head and neck squamous cell carcinomas have been foun@utyecco’s modified Eagle medium supplemented with 4500 g/L glucosé/2 m
promote microvascular growtm vivo. Culture supernatants L-glutamine, antibiotics (100 U/mL penicillin and 1Q@g/mL streptomycin)
from head and neck sauamous cell carcinoma. cell lines aiow (Sigma Chemical Co., St. Louis, MO), and 10% fetal calf serum (FCS) (Hyclone
. q . 9 nI,_aboratories, Inc., Logan, UT). Cells were split 1:5 twice a week.
vitro have also been found to promote microvascular growth in
the chorioallantoic membrane (angiogenesis) ag6ag). The Assay for NOS Activity
density of microvessels in h.ead and nec_k tumors has ConSIStem,h/ragments of tissues were homogenized at 0—4 °C in buffer containindvD.32
been found to correlate with metastatic spread and prognogigiose, 20 MMHEPES (pH 7.2), 0.81 EDTA, and 1 mMdithiothreitol. The
(8-10).However, no information is available to date regardingomogenates were then processed, and the total NOS (tNOS) activity was me
the nature of the angiogenic mediator implicated. sured as previously describéd?2). The activity of the calcium-calmodulin-
Immunohistochemical studie{$1—l3)have indicated that ni- independent isoform (inducible NOS [iNOS]) was identified in tumor homog-

. . . . enates by measuring the enzymatic activity in buffer containingM. BGTA
tric oxide (NO) synthase (NOS) is present at higher levels ‘lﬂd the calmodulin inhibitor trifluoperazine (1) (but no calcium) as pre-

solid tumors, including those of the head and neck, compargglisiy reported22). For the evaluation of NOS activity in A-431 cells, the cells
with normal tissu€11-13);however, no definite explanation forin 60-mm-diameter culture dishes were stimulated withu@mL lipopolysac-
the role of NO in tumor growth has been providét). NO charide (LPS) for 24 hours and treated as descri@3). All determinations
functions as a mediator in the vascular, nervous, and immufe performed in duplicate. NOS activity is expressed as picomole$fi{
. - o rulline formed per minute per milligram protein.

systems by regulating vasodilation, vascular permeability, plafe—
let adhesion and aggregation, and tumor blood f©8+~17).We Measurement of cGMP Content
rece_ntly r_eportec(18,19) that NO p|§lyS a central role in the .The levels of cGMP were measured in the aqueous phase of tissue homo
angiogenic cascade by demonstrating _that VaSCl_JlaI’ endmhee'#%tes extracted from 10% trichloroacetic acid with Id1.5ri-n-octylamine dis-
growth factor (VEGF), released as a purified protein or produced
by tumor cells, requires a functioning NO/cyclic guanosine
monophosphate (cGMP) pathway within the endothelial comjable 1. CIini;aI, epidemiologic, ano! histologic characteristics of 27 patients
partment to promote neovascular growth. with squamous cell carcinoma of the head and neck

We pursued the hypothesis that the NO pathway could cQfiaracteristic No. (%)
trol the sequential steps responsible for the neovascularizatiorin :
head and neck cancer and thus influence tumor cell dissemifde No- of patients 27 (100)
tion. To this aim, we have assessed the status of the NOS/cGMﬁ‘eﬁian, 64
pathway and its association with microvessel density in a serieRange: 43-75

of 27 head and neck cancer patients distributed accordinggfg,
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lymph node status. The ability to directly stimulate angiogenesigvale 23(85.1)
by head and neck cancer was assedsedvo in the avascular ~ Female 4(14.9)
cornea of albino rabbits. The role of NO in controlling angioIumor stagg20)

genesis was evaluat@avivo in rabbits receiving pharmacologic :l g ((%g:g))

inhibition of NOS pathway produced bM®-nitro-L-arginine- 7 (25.9)

methyl ester (L-NAME). The effect of the treatment was evalu- 'V 9(33.3)

ated for its ability to prevent angiogenesis and to produce jtgecurrences 2(4)

regression in animals implanted with tumor tissue and with '4m°" sit¢

. . arynx 18 (66.7)

squamous cell carcinoma cell line. Oral cavity 6(22.2)
) Oropharynx 3(11.1)

Materials and Methods Lymph node status
) . . Negative (N-) 16 (59.3)
Patients and Tissue Collection Positive (N+) 11 (40.7)
. . . T de(21

We studied 27 consecutive head and neck cancer patients who underwéwgﬁ_g?einﬂ)‘,ﬂed 9(33.3)
surgical treatment of the primary tumor and of the neck at the Institute of \joderately differentiated 12 (44.5)
Otolaryngology Head and Neck Surgery, University of Florence, during the poorly differentiated 6(22.2)

period from April 1996 through April 1997. Clinical, epidemiologic, and histo
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solved in 1,1,2-trichlorotrifluoroethan@2). cGMP was measured with the usecarried out by use of L of cDNA and specific primers with sequences as
of a radioimmunoassay kit ant™-labeled cGMP (Amersham, Buckingham- follows: for endothelial NOS (eNOS), sense 5'-GTG ATG GCG AAG CGA
shire, England) after acetylation of the samples with acetic anhydride. All d8TG AAG-3’, antisense 'SCCG AGC CCG AAC ACA CAG AAC-3; for
terminations were performed in duplicate. Values are expressed as femtomdE3S, sense 5TCC GAG GCA AAC AGC ACA TTC A-3, antisense 5GGG
of cGMP per milligram protein. TTG GGG GTG TGG TGA TGT-3(30). Calibration was performed by co-
. . amplification of the same cDNA sample with primers for glyceraldehyde 3-
Immunofluorescence Analysis of Inducible Form of NOS phosphate dehydrogenase (GAPDH) as internal standard, with sequences as
. ) L ) described29). The PCR cycles were 1 minute at 94 °C, 1 minute at 60 °C, and
T|§sue samples wgre frozen by immersion in liquid nitrogen, apan7thick 1.5 minutes at 72 °C for eNOS and iNOS. After 35 cycles of amplification,
Sections were CUI, with the use (_)f a ny‘?S‘at- A-431 cells_ Were grown on mug'ﬁquots of each sample product () were subjected to electrophoresis on a
chamber glqss SI_'deS coated with gel_atln. Both the sections aqd the cell 5p§&/f{agarose gel and stained with ethidium bromide. The size of the amplification
mens were fixed in 4% formaldehyde in phosphate-_buffered saline (PBS) forr]'l%ducts were 196 base pairs (bp) for GAPDH, 422 bp for eNOS, and 462 bp for
minutes at room temperature, washed thoroughly in PBS, and then immuni{@es |mage processing and analysis of the intensity of the bands were per-
beled with rabbit polyclonal anti-iINOS antibodies (Calbiochem, Inalco, M'Ia%rmed as describe(9). The results were analyzed as the ratio between the

Italy; working dilution 1:25). The immune reaction was detected with fluoregsiiea| gensities of the bands related to the amplification products of the target
cein isothiocyanate-labeled goat anti-rabbit serum (Sigma Chemical Co.; wo, hes (eNOS and iNOS) and GAPDH

ing dilution 1:40). The immunostained sections were mounted in Gel-mount

(Biomeda, Foster City, CA) and then observed and photographed under Statistical Analysis

Axioskop UV light microscope (Zeiss, Oberkochen, Germany). o ) ) o o

Statistical analysis was performed with use of Stata Statistic Software (release

Microvessel Density Determination 5.0; Stata Corporation, College Station, TX) and Number Cruncher Statisticaé
System (version 5.03; J. L. Hintze, Kaysville, UT). Data are reported as mediar

Microvessels were identified in formalin-fixed, paraffin-embedded tumor tigsng range for NOS/cGMP values and microvessel density and as means with
sue sections by use of an immunohistochemical method. A monoclonal antibegy, confidence intervals (Cls) for the angiogenesis score. =

against CD-31 (JC/70; Dako, Glostrup, Denmark) diluted at 1:20 in PBS waswjithin different tissue samples, NOS activity and cGMP levels were com- S
employed. Incubation was carried out for 30 minutes, after digestion of the tiswed by use of a paired-value Wilcoxon test. The Wilcoxon rank sum test for=
sections with protease XIV (Sigma Chemical Co.) for 3 minutes at 37 °C. Sqfpaired data was used to assess the differences between NOS activity af
tions were stained with use of a standard streptavidin—avidin—biotin techniqugnp |evels in different tissues as well as microvessel density (CD-31 staining)§
(LSAB kit; Dako) with diaminobenzidine as chromogen and hematoxylin afccording to lymph node status. 9
counterstain. Microvessel density was determined by use of the procedure prorpe relationships between the microvessel count and NOS activity and cGMFS
posed by Weidner et a{24). The tumor area with the highest concentration ofeyels are reported as Spearman product-moment correlation coefficignt (
stained microvessels was identified at scanning magnification (x40), and Myjoreover, differences among microvessel density according to tumor stage and
crovessels were counted in a blinded manner by two independent operatorg,gor grade were analyzed by the use of the Kruskal-Wallis test. T
*x200 magnification (field area, 0.73 nfnResults are expressed as the highest A multivariate logistic regression analysis was performed to explore the ef-8
number of microvessels identified within a x200 field. fects of several possible prognostic factors (age, sex, tumor grade, tumor stagg;
tumor location, microvessel density, NOS activity, and cGMP levels) in predict-
ing the risk of lymph node metastases. The final results of these analyses are tf
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Rabbit Cornea Assay for Angiogenesis

Corneal assays for angiogenesis were performed in New Zealand white rabBfds ratios (ORs) and their 95% Cls. The Wald statistic was used to test they

(Charles River, Calco, Como, Italy) as descrilf28) and in accordance with the following hypqthess: OFF 1.00. . )

guidelines of the European Economic Community (EEC) for animal care an For‘the angiogenesis dat_a, W"'F"e comparisons were performed by analys
welfare (EEC law No. 86/609). Tumor fragments (2—-3 mg each) or cell Suspéﬁ_varlance (ANOVA)_’ anc'i individual differences dur.mg eaqh ‘."‘f"y of .observa-
sions (2.5 x 1B cells) were implanted into surgically produced corneal microt-'(_)n were tested by Fisher’s test after the demonstration of significant intergrou
d{ rences by ANOVA.

pockets. The angiogenic response was assessed in a blinded manner by ) L
gl P values resulted from use of two-sided statistical td3tglues less than

06/

o

independent operators, who did not perform the surgery, by use of a slit lam ) - o o -
stereomicroscope, and capillary progression was scored daily as previouslyq were considered to indicate statistically significant differences.
ported(26). The number of tissue samples inducing angiogenesis over the toﬁl sults

number of implants performed was recorded during each observation. Implal ?

that failed t d I wth within 10 d id Lo N
a fatied o Procuice a neovascuiar growh witin - cays were consi eTr@%)S Activity in Normal and Neoplastic Tissues of the
negative, while implants showing an inflammatory reaction were discarded. The

potency of angiogenic activity (angiogenic score) was determined on the basi$?Per Aerodigestive Tract: Correlation With Lymph Node
the number and growth rate of newly formed capillaries and calculated as vedeletastasis

density x distance from the limb{$9,27).Corneas were removed at the end of

the experiment as well as at defined intervals after surgery and/or treatment andl he activities of tNOS and INOS were measured in biopsyy;
were fixed in formalin for histologic examination. specimens obtained from the tumor core, the invasive edge qu

To evaluate the effect of NOS inhibition on tumor angiogenesis, we admifhe tumor (tumor edge), and normal mucosa in 27 patients who
istered L-NAME in the drinking water. L-NAME solutions (1 g/L) were freshly}'“,]derwent surgery for head and neck cancer
in '

prepared every day. Water intake was approximately 200 mL/day per anima . .
the treated animals and was not different from that in animals in the control In specimens from unaffected mucosa, we detected a median

group. After 14 days of treatment and after 5 days from the end of treatmédgiseline activity of tNOS and iINOS of 1.37 (range, 0.64-3.50)
rabbits were killed and autopsied. L-NAME was shown to have effectiveignd 0.95 (range, 0.59-2.93) pmol/minute per mg protein, respec-
inhibited NOS activity in the rabbits by evaluation of the contractility of thE{ively. In tumor tissue, tNOS and iNOS levels were elevated to

snbny oz uo 1sanb Aq €21/ 86785/

aortic rings(27). 4.08 (range, 2.03-8.78) and 3.67 (range, 1.94-6.85) pmol/
Differential Reverse Transcription—Polymerase Chain minute per mg protein, respectively (paired-value Wilcoxon test,
Reaction Analysis of NOS Expression P<.0001 in all cases compared with normal control mucosa).

The localization of NOS enzyme within the tumor cell popula-

A—431_ce||s at 90% confluence were stimulated for 24 hours Wlth test suﬁpn was assessed by immunofluorescence analysis on tumor
stances in the presence of 1% FCS. Total RNA from cells was isolated by the

standard guanidinium thiocyanate-phenol-chloroform extrad2®). Comple- sections t?y the use OT pOIydonal antI'IN.OS antibodies. The
mentary DNA (cDNA) was synthesized as descril§2@). Differential reverse Strongest immunoreactivity was detected in cancer cells rather
transcription—polymerase chain reaction (RT-PCH) for NOS isoforms was than in stromal cells. In normal control mucosa, the iINOS im-
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munostaining was prevalent in the epithelial cells of the bagaimor had significantly higher tNOS and iINOS activities in
layer (Fig. 1, A and B). more advanced disease (stage Il or [{2D) when compared
The extent of NOS activity increment was significantly difwith those from early stage lesions (stage | or R)£ .016 and
ferent according to the site of sampling within the tumor masB. = .04, respectively). No difference in the levels of tNOS and
The specimens at the invasive edge of the tumor exhibited thN©OS activities in specimens was found according to tumor
highest NOS activity. In tumor core samples, the median valgeade.
was 4.08 (range, 2.03-8.78) pmol/minute per mg protein for
tNOS and 3.67 (range, 1.94-6.85) pmol/minute per mg protaiGMP Determination in Normal Mucosa and Tumor
for INOS; in samples from the tumor edge, the values were 5.3&sue: Correlation With Lymph Node Metastasis
(range, 2.73-23.74) pmol/minute per mg protein for tNOS and
4.06 (range, 2.04-21.83) pmol/minute per mg protein for INOS cGMP is known to be the mediator of the response of the cells
(paired-value Wilcoxon test, tumor core versus tumor efge: to NO (31). To ascertain whether cGMP undergoes changes in
.0003 for tNOS and® = .004 for iINOS activity, respectively). head and neck cancers, we next measured cGMP levels in the
We then analyzed NOS activity in tumor specimens fromqueous phase of 10% trichloroacetic acid extracts of head and
patients in the cohort according to tumor stage and metastateck cancer tissues. Increased cGMP levels were detected in the
behavior. Eleven patients had histologically confirmed cervicalmor core and the tumor edge (median values of 5.39 [rangey
lymph node metastases (N+), whereas the remaining 16 patieh85-7.93] and 6.37 [range, 3.84-16.81] fmol/mg protein, re-3
had no clinical and histopathologic evidence of neck diseaspectively) compared with normal control tissues (2.97 [range;g:
(N-). The levels of NOS in specimens from N+ patients werk.87-4.96] fmol/mg protein) (paired-value Wilcoxon test, &
higher in each tissue sample examined compared with the sp&&iz0001). The increment of cGMP levels in the tumor edge wass’
mens sampled from patients with histologically negative (i.e., mignificantly higher than in the tumor core (paired-value Wil- 3
detectable cancer) lymph nodes (Fig. 2, A and B). coxon testP = .0001). When cGMP levels in tissues from N+ §
Accordingly, the specimens sampled at the periphery of tpatients were compared with those from N- patients, a statistis
cally significant difference was demonstrated only in the tumorg
edge (unpaired-value Wilcoxon te§t, = .005) but not in un-
affected control mucos&(= .805) or in the tumor coreP( =
.621) (Fig. 2, C).
A progressive increase in cGMP was also detected from stag
[ to IV tumors only in peritumoral samples, although this finding =
was not statistically significant (= .156). No difference in '
cGMP levels was found according to tumor grade.

wmo-dnoolwe
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Correlation of Microvessel Density With NOS Activity,
cGMP Levels, Lymph Node Status, Tumor Grade, and
Tumor Stage: Multivariate Analysis

¢V /86/.8G/8/06/3101€/

We then assessed the extent of vascularization in our series ¢f
head and neck cancer patients. Immunohistochemical expressign
of CD-31 and Ki-67 was detected as previously descri32].
Microvessel counts in cancers from different patients and alsq.;'
within different areas of the same carcinoma were heteroger
neous. The highest density of microvessels was observed at the
invasive edge of the tumor and was associated with an increas@;j
proliferative activity of tumor cells (Fig. 3). According to tumor
grade, we found a statistically significant increase in the mi-§
crovessel counts passing from well-differentiated to poorly dif-
ferentiated carcinomas (Spearman coefficient= .435;P =
.03), as well as from early stage cancers to more advanced
cancers (£ = .599;P = .001). N+ patients had a significantly
higher median microvessel count in tumor specimens than N-
patients (unpaired-value Wilcoxon tegt,= .0002) (Fig. 3).

When we correlated tNOS and iNOS activities with mi-
crovessel density in the tumor core and tumor edge samples, we
found that the increased tumor vascularization was statistically
associated with an increased NOS activity (both tNOS and

Fig. 1. Nitric oxide synthase (NOS) expression in tumor samples and normN S) (r = 468 andP = .016 andr« = .434 andP = .027
mucosa from head and neck cancer patients. A representative picture is shown 09 S ) S '

immunofluorescence detection of inducible NOS in cancer tigg)eand in In tumor core, reSp.eCtIVEIy.S = .571 andP = 002 andrg = .
normal control mucos¢B). Tissues were obtained from patients who underwen?98 andP = .010 in tumor edge, respectively). A suggestive
surgery for head and neck cancer (original magnification x500;=b@0 um). ~ correlation between cGMP activity and CD-31 density was ob-

san
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served only in samples from the tumor periphary € .352;P  Angiogenesis Produced by Head and Neck Cancer Tissue:
= .078). Furthermore, analysis indicated that there was a sBleckage by NOS Inhibitor
tistically significant association between vascular density and
tumor stage (Kruskal-Wallis tes®, = .018). To assess whether the tumor expression of NOS activity
Thus, increased NOS activity and cGMP levels in both thebuld be directly correlated with an increased angiogenic poten-
tumor core and the tumor-front areas, high microvessel densiigl, we assayed tumor specimens of head and neck cancer for
and poor histologic differentiation of cancers were significantlgngiogenesis in aim vivo experimental setting by use of the
correlated with the presence of lymph node metastasis. Mulivascular rabbit cornea to monitor vascular growth. Fragments
variate stepwise logistic regression analysis confirmed that ni—3 mg) of tumor tissue and of unaffected control mucosa from
crovessel count (CD-31 expression) was the most important a@ffirandomly selected patients with either positive (five patients)
independent predictor of lymph node metastasis in our sermsnegative (seven patients) lymph nodes were sampled and
(OR = 1.19; 95% Cl= 1.07-2.89; Wald statistie= 3.79;P = implanted in the corneal stroma. For each specimen, at least two
.04), whereas cGMP levels were strongly suggestive (OR fragments were tested. Within 5 days from the implant, all tumor
1.39; 95% Cl= 0.97-1.99; Wald statistie= 1.79;P = .06). fragments induced a strong angiogenic response in all the re-

Normal mucosa Tumor core Tumor edge
A
a
- 201 P = .002 P = .005 P =.008
B
b
2
2% 454
% e o
z
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Fig. 2. Nitric oxide synthase (NOS) activity and cyclic guanosine monophog- & % a ]
phate (cGMP) levels in tumor samples and normal mucosa from head and neck o &

cancer patients. Total NOS (tNO&) and inducible NOS (iNOS)B) activities
were measured in specimens selected from the tumor core, the invasive edde of
the tumor (tumor edge), and normal mucosa (control). Data are expresseq as
pmol of [*H]citrulline formed/minute per mg protein. tNOS and iNOS activities B 25 Normal mucosa Tumor core Tumor edge
are sorted and compared according to lymph node status (11 lymph nofde-
negative [N-] and 16 lymph node-positive [N+] patients). tNOS activities fdr
control mucosa, tumor core, and tumor edge were 0.95 (range, 0.64-2.67), $.62
(range, 2.03-6.54), and 4.37 (range, 2.73-9.72) pmol/minute per mg protgin,

respectively, for N- patients and 1.93 (range, 0.96-3.50), 4.96 (range, 2.19-
8.78), and 8.97 (range, 4.61-23.74) pmol/minute per mg protein, respectively,

for N+ patients. iINOS activities for control mucosa, tumor core, and tumor edpe

specimens were 0.81 (range, 0.59-2.16), 2.70 (range, 1.94-6.07), and B.68
(range, 2.041-8.98) pmol/minute per mg protein, respectively, for N- patiefts

and 1.10 (range, 0.63-2.93), 4.07 (range, 2.04-6.85), and 6.98 (range, 3|89—
21.83) pmol/minute per mg protein, respectively, for N+ patie@scGMP
levels were measured in the aqueous phase of tissue homogenates by radjoim-
munoassay. Data are expressed as fmol/mg of protein (11 N- and 16 N+ |pa- 01
tients). cGMP levels in control mucosa, tumor core, and tumor edge were 3|01 N- N+ N- N+ N- N+
(range, 2.02-4.96), 5.21 (range, 3.35-7.42), and 5.96 (range, 3.846—9.41) pmol/

o
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Fig. 3. Microvessel density in head and neck cancer according to lymph ngde Positive/total §
status. The immunohistochemical staining was performed as described in|the Time, d......... 3 6 9 15 18 g
“ i ” i i OControl 0/6 1/6 1/6 3/6 3/6 Q
Mat_erlals and I\_/Iethc_)(_is se_zct_lon. Resul_ts are expressed as the hl_ghest nurrjber BN: tamors 9/10 10/10 10/10 8/8 838 8
of microvessels identified within a x200 field (11 lymph node-negative [N-] and ON- tumors 5/14 7/14 12/14 14/14 14/14 .
16 lymph node-positive [N+] patients). Median microvessel density was 21 g
microvessels per field (range, 12-32) and 52 microvessels per field (range; >

18-70) for N- and N+ patients, respectively. Fig. 4. Angiogenesis produced in the rabbit cornea by normal control mucosas
and tumor specimens from head and neck cancer patients. Progression ahd

Cipient animals. whereas onIy a few of the implanted fragmerﬁ@dency over time of neovascular growth produced by nonpathologic mucosa
’ nd tumor tissue from head and neck cancer patients according to lymph nodg

eI|C|te_d a modest angiogenic resPF’”Se (Flg. _4; Fig. 5, a). In tglgtus. Angiogenesis is reported as angiogenic score (vessel length x vessgl
following days (days 12-15), angiogenesis induced by the Wmsity) over time (days). In the inset is reported the number of tissue sampleg
mors progressed; the newly formed capillaries reached the turimdncing angiogenesis over the total number of samples tested (positive/totalis
implant, vascularized it, and produced an increase in the tunste animal beari_ng two sa_lmples was killed becausg of tumor overgrowth. Thé
size (Fig. 4: Fig. 5, a—c). Samples from N+ patients (14 fraggmple size consisted of six samples fr_om thr_ee pa_tlents for normal mucosa, 1_1
. . . amples from seven lymph node-negative (N-) patient tumors, and 10 sample3

ments from seven patients) induced a more potent angmge{ﬁ‘ﬁil day 10) from five lymph node-positive (N+) patient tumors=dday. o
response than samples from N- patients (50% increase in neo-
vascularization, 10 fragments from five patients) (Fig. 4). Fisra:-
er's test after ANOVA analysis revealed a statistically relevalai
difference between the three groups from day 8 to day 18 o?
observation (P= .01). To prove that the NO production by the neoplastic cell popu-$

To assess whether head and neck cancer-induced angiodmtisn triggered angiogenesis, we used the epidermoid cell Iin%
esis could be controlled by NOS inhibition, two experimenta-431 as an experimental tumor model. This cell line was char->
approaches were followed. In a first set of experiments, a groagpterized for NOS isoform activity and for NO production and 35
of animals received the NOS inhibitor L-NAME (1 g/L) in thewas assessed in the rabbit cornea angiogenesis assay. §
drinking water once a consistent vascular network had beenThe extent of NO produced under basal conditions was apé’
elicited by the tumor implant in the cornea (Fig. 5, ). By 2¢roximately 3.8 (95% Cl= 3.0-4.6) pmol/minute per mg
hours after the administration of the NOS inhibitor, the dianprotein. Immmunofluorescence analysis revealed a clear-cut
eters of the capillaries, measured by use of an ocular grid, wesgoplasmic localization of iINOS immunostaining (data not €
reduced by 50%, thus resulting in decreased tumor perfusionstmown). By differential RT-PCR, the constitutive presence%
the following days, the vascular network started to regress (Faf.two NOS isoforms was shown, identifiable with the eNOS §
6, A) (Fisher's test following ANOVA;P = .05), while the and the INOS isoforms (mean ratios of 0.380 [95% €l
tumor size appeared grossly reduced (about 50% reduction) (Ri851-0.409] and 0.341 [95% G} 0.327—-0.355] for eNOS and
5, d—f; Fig. 6, A). Conversely, the tumor fragments in the contrdNOS, respectively). NO production by A-431 cells could be
group did not change their size or vascular support. modulated. Following a 24-hour stimulation with 30y/mL

In a second set of experiments, L-NAME treatment was givériPS, the NOS activity increased by approximately threefold
before the animals received the tumor implant. Under systenfid.71 [95% Cl= 9.45-11.97] pmol/minute per mg protein in
inhibition of NOS activity in the host, angiogenesis was ndtPS-treated cells [P<.001] versus basal control, Studei'st),
produced by any implanted tumor samples (zero vascularizal effect that could be specifically blocked by L-NAME (3.04
implants of eight performed in L-NAME-treated animals versu®5% Cl = 2.56-3.52] pmol/minute per mg protein in cells
six of eight in untreated rabbits) (Fisher’'s test followindreated with 2 mML-NAME [P<.01] versus LPS alone, Stu-
ANOVA, P = .01 for days 8-18) (Fig. 6, B). When the treatdent’st test).
ment was interrupted, vascularization started from the 8th dayA-431 cells treateéh vitro for 24 hours with LPS (1@.g/mL)
after the suspension of treatment and progressed, reprodu@ngd then implanted in the cornea elicited angiogenesis within 5
the vascular pattern of untreated, implanted animals (Fig. 6, Bays, and complete vascularization of the tumor cell implant

ontrol by NO of Angiogenesis by Squamous Cell
rcinoma Cell Line A-431
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Fig. 5. Angiogenesis induced by tumor samples from head and neck canwescularized it, leading to an increase in the tumor size (daycp4,ower
patients in the rabbit cornea: effect of the nitric oxide synthase (NOS) inhibitpanels: The effect of L-NAME on tumor-induced angiogenesis is shown. L-
N®-nitro-L-arginine-methyl ester (L-NAME)Upper panels (a—c):representa- NAME (1 g/L) was given in the drinking water for 1 week from day 26 after
tive pictures taken at 6, 14, and 24 days, respectively, of neovascular growtmor implant. Pictures were taken at 2, 4, and 8 days from the beginning of theg_
produced by a tumor sample in the rabbit cornea. Within 5 days from the surgit@latment. Within 2 days from systemic NOS inhibition, tumor vasculature con-g
implant, the tumor induced a strong neovascular outgrowth at the limdyus ¢istently and progressively regresqedf) and the tumor size appeared grossly
arrows). In the following days (day 14), angiogenesis induced by the tumorreduced(e, f).

progressed and the newly formed capillaries reached the tumor implant and
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occurred within 2 weeks from surgery (Fig. 7, open bars). kion related to angiogenesis and point to inhibitors of NOS a
rabbits receiving L-NAME, the angiogenic response was reetential antiangiogenic drugs.

duced and delayed by 1 week (Fig. 7, hatched bars) (Fisher’'s tesHead and neck cancer is a major cause of morbidity an
following ANOVA, P = .01 for days 13-15). When A-431 cellsmortality worldwide, representing 5% of all new cancers esti-
were treatedin vitro with LPS in the presence of the NOSmated in major Western countries per yéBx. The cure rate for
inhibitor, no angiogenesis was produced by the tumor cellsgad and neck cancer drops substantially when lymph nodes in
suggesting that NO production within the tumor cells was réhe neck are involved2). Despite the continuous effort, no >
quired for the angiogenic activity elicited by LPS treatment (Figeliable prognostic markers for head and neck cancer exist. Aﬁg

f*%q ¢

uo jsen

7, inset). giogenesis is associated with regional and distant tumor spread
in several solid tumors, including head and neck ca(®et0), E
Discussion thus predicting patient outcome. Although the microvessel count

in tumor tissue correlates with tumor aggressiveness, little in-

In this study, we show that an increase in NOS activity if®rmation is provided by this pathologic assessment about the
found in head and neck cancer, is associated with elevatsdchemical pathway responsible for tumor angiogenesis.
cGMP levels, and correlates with tumor vascularization. Mi- NO has been shown to play a role in various phenomena
crovessel density and NOS activity correlate with lymph nodavolved in the angiogenic process. Observations that NOS ex-
metastases, indicating that an increased metastatic behaviqsréssion is increased in fresh tumor tissue from gynecolddiy
associated with a high NOS activity and angiogenesis. Animahd brain(33) neoplasms and that it can be generatedtro by
studies demonstrate that transplant of tumor samples and a tethor cells(34,35)have suggested that NO may have a role in
line from squamous cell carcinoma produce angiogeriesiszo tumor growth and metastas{¢4). We have recently reported
strictly linked to NO production, which is made to regress bthat NO controls angiogenesis by modulating the activity of
treatment with NOS inhibitors. Taken together, these data sumgiogenic factor released by tumor cells as VEGE,19).
gest that, in head and neck cancer, the increased NOS activityNOS activity is normally present in the upper and lower
can be regarded as a novel biologic marker for tumor progresirway epithelia, where it plays a major role in host airway
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Fig. 7. Angiogenesis induced by A-431 cell line. Angiogenic response of A-431
cells stimulated for 24 hours before corneal implant withpd@mL lipopoly-
saccharide (LPS) in control animals (open bars) and in rabbits pretreated wit
L-NAME (dotted bars). Systemic nitric oxide synthase (NOS) inhibition by
L-NAME prevented and delayed angiogenesis. Data are expressed as angioge
score over time (four implants for each experimental group). Table imsétro
treatment of the cells with 200M L-NAME reverted the angiogenic activity of
LPS-stimulated A-431 cells. Data are expressed as positive implants over tot
implants performed (four implants for each experimental group} day.
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at the invasive tumor edge than in the tumor core. The detectiog
Time. d....3  Cuye/total o of increased NOS/cGMP activity at the tumor front area dis-
OVehicle  5/8 6/8 7/8 8/8 8/8 closes the heterogeneity of the metabolic demand/function o
ML-NAME 0/8 0/8 2/8 418 618 this signaling cascade within the tumor m#38). We demon-

strate that increases in NOS activity, cGMP levels, and mi-g
Fig. 6. Effect of the nitric oxide synthase (NOS) inhibitbr-nitro-L-arginine- ~ crovessel density are highly correlated with the metastatic pheg
methyl ester (L-NAME) on angiogengsis induced by tumor samples from headtype of head and neck cancer at the tumor periphery. c;
and neck cancer patients in the rabbit corgaPattern of regression of tumor- At the interface between tumor and host normal tissue, reg

induced angiogenesis by systemic NOS inhibition. L-NAME (1 g/L) was given

to the animals in the drinking water for 1 week from day 26 after tumor implarr{[mdeIIng of the extracellular matrix and increased anglogene5|§

(four fragments from two patientsp) Effect of systemic NOS inhibition in take place(39). Multivariate analysis confirms that the intensity §
preventing tumor angiogenesis. Animals were treated with L-NAME for 1 wedkf vascularity and cGMP levels at the invasive edge of the tumor,
before surgery and for 12 days after corneal implant of tumor specimens. Neorrelate independently with the probability of metastasis fromx>
vascular growth in treated animals did not occur until up to 1 week after tregje gther clinical and biologic features analyzed. Thus, a direcg

ment discontinuation. The sample size was eight fragments from the tumor“({)]fk between increased NOS/cGMP activity and angiogenesi%

four patients for both of the two experimental animal groups. The efficacy of - . . 5
L-NAME administration was evaluated during and at the end of the treatment'%ith @ more aggressive and metabolically active tumor cell sub+3
acetylcholine-induced relaxation in rabbit aortic rings preconstricted with pheopulation can be postulated, indicating a central role of NO
ylephrine as previously describé2l7). Following 14 days from the beginning of production by head and neck cancer in influencing the risk of
the treatment, the vasorelaxation to AP acetylcholine was 11% (95% confi- regional metastasis through neoangiogenesis.

nce interval [Cl]= 5%-17%) in L-NAME-tr ver % % . . . .
ggo/:—emf’t/f) iri1 a[(():rt]ic riu;s fronoﬁ) untreated antiriztlzd(loefi)ursech:hog(riipo).%‘After 5 T,he hypothesis ,that the mcreased NOS _aC_tIVIty of tumor tis-
days from the ending of L-NAME administration, vasorelaxation returned ®U€ iS @ key factor in promoting angiogenesis is demonstrated by
normal levels (40% [95% Ck 34%-46%] relaxation, n= 8) (arrow inpanel the experiment in which tumor fragments are tested in the rabbit
B). d = day. cornea. Consistent with angiogenesis being a risk factor for tu-
mor spread, tumor samples from patients with lymph node me-
tastases exhibit a higher angiogenic activity in rabbit corneas.
defense mechanism and as a potential mediator of the inflaimhibition of angiogenesis is being proposed as a new approach
matory responsé€36,37).0ur results indicate that NOS activityto control tumor growth and prevent metastadis The angio-
in tumor tissue from patients with head and neck cancer is igenesis induced by head and neck tumor fragments is sensitive
creased by threefold to fivefold. The rise in INOS activity is0 NOS inhibition. Persistent vasodilation is a specific feature in
differently distributed within the malignant tissue, being highgaumor vasculature that also appears to be unresponsive to vaso-
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constrictor agents because of increased NOS actf¢i®y. The overall assessment of angiogenesis. On the basis of the results
rapid regression of tumor angiogenesis under systemic N@ported here, we suggest that monitoring NOS activity might
inhibition reported here proves that the tumor vasculature in theovide further information regarding the biologic behavior of
proliferative state of angiogenesis is highly susceptible to NOfead and neck cancer in relation to angiogenesis and tumor
inhibition and regresses. We recently documented that NO sapread.

tains endothelial proliferation by inducing the expression of e?é
dogenous basic fibroblast growth fact{@®). In the presence of eferences

NOS inhibition, endothelial cells do not produce basic fibroblastyy parker SL, Tong T, Bolden S, Wingo PA. Cancer statistics, 1996. CA
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