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[Background and Objectives] Tumor angiogenesis is necessary for solid tumor progression and
metastasis. An important concept in tumor angiogenesis has been that tumor blood vessels contain
genetically normal and stable endothelial cells (ECs), unlike tumor cells, which typically display
genetic instability. However, tumor vessels and tumor-associated ECs (TECs) differ from their
normal counterparts in many respects. Tumor vessels have different structural characteristics, such
as fewer pericytes, leakiness, and uneven thickness of the basement membrane. Furthermore, some
studies have reported that TECs possess molecular characteristics distinct from those of normal ECs
(NECs). In addition, ECs derived from human renal cell carcinomas (RCCs) express biological

“ features that are different from those of NEC:s. It has been reported that ECs from hematopoietic
tumors harbor chromosomal aberrations. In these tumors, TECs may transdifferentiate from
hematopoietic tumor cells. We have reported that ECs in nonhematopoietic malignant tumors
(melanoma and liposarcoma) are cytogenetically abnormal. In mouse xenograft models, fluorescence
in situ hybridization (FISH) analysis shows that freshly isolated mouse TECs (mTECs) are
aneuploid and have abnormal multiple centrosomes. Our previous study showed that mTECs, unlike
ECs in lymphomas with hematopoietic origin, did not transdifferentiate to or fuse with tumor cells
because there were no human chromosomes from tumor cells in the mTEC nuclei. However, it
remains to be elucidated whether these cytogenetic aberrations in mTECs isolated from malignant
tumors are relevant to human TECs (hTECs) from human epithelial malignant tumors.

In the present study, we investigated chromosomal aberration in hTECs freshly isolated from
RCCs (spontaneous human tumors) by FISH analysis. To study the mechanism of TEC aneuploidy,
we analyzed cell-cell fusion and the relationship between progenitor marker-positive cells and TEC
aneuploidy in cross-species tumor models.

[Materials and Methods] (1). Tissues from 20 cases of renal tumor clinically diagnosed as RCCs
were resected surgically. One portion of RCC or normal kidney tissue was immediately snap-frozen
for immunohistology and fluorescence in situ hybridization (FISH) analysis on tissue sections.
Another portion of RCC or normal kidney tissue was immediately processed to isolate ECs by
magnetic cell sorting. hTECs were freshly isolated from 20 RCC tissue. hNECs were also isolated
from 13 normal kidney tissue, apart from the tumor in the same specimens. FISH analysis was
performed to investigate their cytogenetic abnormalities. The degree of aneuploidy was analyzed
quantitatively by using chromosome 7 and chromosome 8 DNA probes in isolated hTECs or hNECs.
(2). The mechanisms of TEC aneuploidy were studied using mTEC:s isolated from xenografts of
human epithelial tumors. mTECs were isolated from human epithelial tumor xenografts grown in
nude mice. OSRC-2-ECs and HSC-3-ECs were isolated from renal clear cell carcinoma (OSRC-2)
and oral squamous cell carcinoma (HSC-3) xenografts, respectively. mNECs (skin ECs) were
isolated from mouse dermal tissue as a control. To determine whether cell-cell fusion occurred
between aneuploid mTECs and human tumor cells, dual-color FISH analysis was performed, using
mouse probes and human probe. (3). To analyze the involvement of endothelial progenitor cells
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(EPCs) in mTECs in vivo, we investigated the percentage of progenitor marker-positive cells among
freshly isolated mTECs and its correlation with aneuploidy. Uncultured mTECs or mNECs were
immunostained with CD133. CD133+ and CD133— mTECs / mNECs were compared for aneuploidy
using quantitative FISH analysis. (4). It has been reported that centromere-associated protein-E
(CENP-E) is related to aneuploidy. Thus, levels of CENP-E mRNA were analyzed in TECs and

NECs by quantitative RT-PCR.

[Results] (1). FISH analysis of immunostained tissue sections confirmed the presence of CD31"
aneuploid cells, determined as aneuploid ECs, in tumor vessels. In contrast, there were no aneuploid
ECs in normal renal vessels. hTECs isolated from human RCC show aneuploidy. In human RCCs,
22-58% (median 33%) of uncultured hTECs were anenploid, whereas normal ECs were diploid. (2).
mTECs isolated from epithelial tumor xenografts are aneuploid. Quantitative analysis indicated that
55% of OSRC-2-ECs and 36% of HSC-3-ECs were aneuploid. When the cells were cultured, FISH
analysis showed that the frequency of mTEC aneuploidy increased to 96% and 55%. In dual FISH
study, no human FISH signal in mTECs was detected (3). The percentage of CD133+ cells in
mTECs was 26% (OSRC-2-ECs) and 31% (HSC-3-ECs), whereas that in mNECs was 16%.
Aneupliud cells were detected in CD133+ and CD133— mTECs, whereas CD133+ and CD133~
mNECs were diploid. Among mTECs, aneuploid cells were observed more frequently in
CD31+CD133+cells than in CD3+CD133—cells. (4). CENP-E expression was significantly lower in
mTECs (both OSRC-2-ECs and HSC-3-ECs) compared to mNECs. Furthermore, compared to all
human NECs (hNECs, HMVECs, and HUVECs), hTECs expressed significantly lower levels of
CENP-E. .

[Discussion] ‘We previously reported aneuploidy in mTECs isolated from nonepithelial tumors,
liposarcoma, and melanoma. However, chromosomal aberrations of hTECs isolated from human
malignant epithelial tumors have not been reported.

Here we show that hTECs, like tumor cells, are cytogenetically abnormal. In order to evaluate
the ploidy of hTECs quantitatively, we used hTECs freshly isolated from human RCC tissues. FISH
analysis of freshly isolated and cytospun ECs provided additional evidence of hTEC aneuploidy in
human RCC tissue sections. For comparative analysis, we also isolated hNECs from locations in the
same specimens, apart from the tumor, during total nephrectomy. hTECs showed aneuploidy
(average 33% with chromosome 7 probes and 35% with chromosome 8 probes) in all 20 samples,
whereas hNECs were diploid with the 3-4% score which is in normal range and is considered to be
background.

However, the mechanisms underlying TEC aneuploidy in malignant epithelial tumors are not
yet understood. We addressed the mechanisms of TEC aneuploidy using cross-species tumor models
that allow host cells to be distinguished from tumor cells. In the mouse epithelial tumor xenograft
model, more than 35% of mTECs were aneuploid, even when not cultured. This result is consistent
with our previously reported demonstrations of aneuploidy in mTEC:s isolated from nonepithelial
tumors, liposarcoma, and melanoma. ECs in various types of tumors, epithelial or nonepithelial, may
be aneuploid, suggesting chromosomal instability of mTECs. This is contrary to the traditional
concept that TECs are normal and genetically stable. Our observations suggest that aneuploidy in
TECs is not a rare phenomenon that is seen -only in hematopoietic tumors but is actually a. common
feature of most malignant tumors. In our uncultured mTECs, fusion between mTECs and human
tumor cells was not seen because aneuploid mTECs were not found to hybridize with human probe
in the dual-probe FISH analy51s

Interestingly, CD31°CD133" cells showed more aneuplmdy compared to CD317CD133 cells. On
the other hand, among uncultured mNECs, CD31"CD133" cells did not include aneuploid cells. We
speculate that immature ECs in tumors may have escaped cell cycle arrest and maintained
aneuploidy in the tumor microenvironment. Progenitor cells with cell cycle deficiency harbor
aneuploidy, and as the cells mature, their checkpoint efficiency increases. Our data demonstrating
frequent aneuploidy in CD3 1‘”CD133+ cells support the hypothesis that progenitor cells contribute to
mTECs aneuploidy.

Regardless of the actual mechanisms involved, our results showing the presence of chromosomal
aberrations in hTECs indicate another aspect of abnormality of tumor stromal cells in carcinoma.

[Conclusion] This is the first report showing cytogenetic abnormality of hTECs in carcinoma,
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contrary to traditional belief. Aneuploid TECs that organize tumor tissue surrounding the stroma
might affect tumor progression and metastasis. It is suggested that cytogenetic alterations in tumor
vessels of carcinoma can occur and may play a significant role in modifying tumor-stromal

interactions.
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S AR AR 7Z 0T T < ERHEZEMIRR. mE AR ML, MR E ORIEM
RENSBRENTNS, RAMBITHEBENENICEEMR THS2DICH L. MEMBRTH
ZMENEMBIIEEMETHILEEZONTERE, YTVAKBWTE MNEFMRED
xenograft M 5 73 HE & N/ EE IMENEMHRTECICRABAREND 2 Z LIFHEINTW
ZHDD, & MRAEBHOMENEMICHREERENRSIMIFHTH 7.

HEEHEIZ CD31 HikZ AWNWT 20 BIOBENAREN S & MNEBNENEMBOTEC)/ZV)
%45 BE L. hTEC IZ FISH 217 WHIlE D ploidy 2 L7=. T D#EE hTEC 13 aneuploid
THEIBIWRS Nz, TN BEIN/ hTEC 2EHEEL. TORBERENLEZEZA,
MR%EO hTEC THMENR Y — I —DHBREHERFL TWW5 Z &, £/z aneuploidy A8
LTBOENRERELTWSZ &, #ilB72HAD motor protein TdH 3 CENP-E OFIEMN
BETLTWVB ZENRETI. & MRAMEBSD OIMENEMIIZIE cytogenetic 72 RENH S
ZEEBHEMEL

I HITHEHFIIE MSAHIRR D xenograft U A0 5 < U A B I ENE#E(MTEC) 2
SEEL. ZNERAWVWTEO TEC @ aneuploidy D AN XA DWTRELTWS, TD
R COMREEIVAMBEMENEAREOBMSICE > T EINZHD TN
Z &, mTEC OHIZidgfiln~—7—TdH5 CD133 BHMBEIFEL. ZOMEEIC
aneuploidy 25& W Z &V RE Nz,

BIEDIE BFBEENS I DOERNH 7. OhTEC @ aneuploidy DEIEH 35% R E
THDMN, BAMARDED aneuploid DEIGIZEDRETH =DM ? @hTEC O
CENP-E OFBEMETL TVSDIEINAMBEAMENORFEHL TNEZH2ON? @
hTEC 7% aneuploidy 25 X5 R REHMRTH 2 Z &3, BAZE->THIUL. BIEICHE
FlEEZENDDN?

HEEE LRRERIC LOCDS] BEOHBEICHEETSENAMAEIE hTEC L1
aneuploidy V& < . BEMIEMKR TO FISH THMEDIFE A LT aneuploid THB & @
E¥MENEHMENEC) 22 AMD conditioned medium TRET 5 CHERENRE D
BENSERBEREZANCHL. BAMBENY U - T 3KRAOEAFNH D, TOHIZ hTEC
® CENP-E ORBRZETIEI2RFHEENTWSRIEENH S ZE  @aneuploidy D
mTEC BEAEAENH D, BERTFINTIREENBENVEENH V. TEC
aneuploidy 3% 5 Z SIINADBIEIZ E > THHZ L H#RIT 2 ERZ L=,

FEOER FEHEENS 6 DOERBMNH /2. @OhTEC OREAREOHMIESTH
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27DNT? QEREEHEOEY FAMEMT LS BELTHZON? OROBREZTT
BRBERERD =00 ? OBBAETTRIMOVABRTHEEMENEMED
aneuploidy 235 DN ? @B D subtype I2& D hTEC ® aneuploidy DEIEICHE T
Ronznh? ©OCD133 B%ED mTEC iZ aneuploidy 23@WHE B2 EM ?

HEEF T L ERBICR L@karyotype T TIFFAXRTWZ W= DFMIEI NN 572 0WAS, A
HMREBMULIRS VI ABRRETHILHREINDE OIVATOBRBEORE TIX
karyotype WFARSINTBY, SREENS OV LBEBL TWE2Z &, @Y TAOHRETI
BOREFETITRARBBEREOBEREDALOHDENZZENS . WTEC THRKICHEE
RELHAHOTIRZVWHNEHRENSDZ L @pilot study THidtA., FFENA. REI A
THIEEMEANEHRO aneuploidy 3R 51352 & ®subtype & aneuploidy DE|EIZ
B/ & @Mz & immature 72HIME Tl cell cycle arrest BB EI2< <725 T
WS EDRENH D, R EL T aneuploid DMIFETH > TH apoptosis IZES/ZN/EDT
Bianh EEZELUKZ.

BIEOH 2N HHEBENSADOEBNEH o/z. OMONRAEN S SN/ TEC &
AEBRTOBENRANSHBES N/ TEC EOMICHEIIH 20N ? OFRATHROERFE
FEZEHNE Lo TFEMNENEREEL SN TWAY, TEC TRIEAORZETE YOHN,
BLnoh? ORVBARICHTZ2ERBZHIIZIES N ? OFBEHEROMENEMEIIN
A TR EZICFEELTWSON?

HEEHFIILRERICH LKL TWiznidbhsanadt, BH AL hypervascular
THORBEINZ2MENEMBROEDZ WD, BAHRNS OBEHZ < 25D Tidin
DEHRT D E OFFENEICHT SRARZEIAR TN, TEC iX NEC &
g UBRZENENEH#EREINS ZE. O T XD TEC T 5-FU B XU vincristine 72 &
OHBAFDOBEZENMENEDOBENH 5 & ORIV ARBEZOVBAMBICB W THL
78 necrosis &720 GEMU THEAEIIEHEL TWA ZEMNH S0, ZORE IHROMm
BENEHRIIEETSICERL TS EOMENDH O, BEBHFOMENKMRIINADIE
FENERIEICEETH2OTRRVWMLEHRIL TS EEELE,

TR, b MBAEBTY TEC @ aneuploidy 3SFHET D E2HDTRR LA
TELFHEME N, SEOVAEBIC BT 208 AM/NRE T 2RIRIT/R5 EHFINns,
BEEFE CNSORFEEE<STHEL . KERREBICHB T HVHECTERM: EBOHE

EENBL (B OFMNEZIZ2OXHEIBEREZETHIHOEHELE.
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