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their organization into new blood vesse
lium plays a vital step in the development of a number
of proliferative pathologies (21), and the ability to reg-
ulate its activity offers new treatment modalities for
aberrant growth. During goitrogenesis induced in rats,
angiogenesis was shown to be rapid and to precede
follicular cell growth (47). An endothelial chemoattrac-
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e newest members of the angiogenic growth factor
ily are the angiopoietins (Ang-1 and Ang-2) and
eir receptor, Tie-2. The receptor, which is a receptor
tyrosine kinase, is almost exclusively expressed on
endothelial cells. The angiopoietins cooperate with
VEGF and are thought to be important in later stages
of vessel growth, such as angiogenic outgrowth, vessel
remodeling, and maturation, and may be involved in
communication of endothelial cells with the mesen-
chyme (22).

The anti-angiogenic factor, TSP-1, is secreted by
thyroid epithelial cells from their basolateral pole, and
its production is negatively regulated by TSH (34).
TSP-1 is postulated to be involved in the organization
of thyroid follicles but may act on the vasculature
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surrounding them. The production of TSP-1 by endo-
thelial cells may influence the cell-to-cell or the cell-to-
matrix interactions needed for formation of capillary
tubes (35). Another anti-angiogenic factor is angiosta-
tin, a fragment of plasminogen formed by the action of
proteases, such as plasminogen activators (30). Thy-
roid cells are known to be active in secreting plasmin-
ogen activators and other proteases (27).

Endothelial cells from different sites show consider-
able heterogeneity in their immunological and meta-
bolic properties (15, 43). A recent paper showed that
some endocrine tissues produced an angiogenic mito-
gen that is selective for endocrine gland endothelium,
confirming that endothelium from different sites dif-
fers (25). The thyroid endothelium was not, however,
investigated in this study. To investigate angiogenesis
in the thyroid, isolation and characterization of human
thyroid endothelial cells are therefore necessary. The
purpose of this study was to isolate and characteri

produce FGF-2, VEGF, proteases, thyroid
etc., which may play a role in the angiogen

gelatin as a crude separation before
activated cell sorting (FACS), with

Sigma Chemical (Poole,
Antisera. The antise

F-related antigen
¢ endothelial cel

and the cellular pellet was resuspended V EM supple-
mented with 10% newborn bovine calf serum (NCS) contain-
ing 100 U/ml penicillin and 100 pg/ml streptomycin. Cells
were plated on dishes coated with 1% gelatin. Cells were
incubated for up to 1 h and examined microscopically every
10 min. When thyroid follicles began to attach to the dishes,
the cell suspension was removed, and the dishes were
washed extensively and vigorously with Hanks’ balanced salt
solution (HBSS) to remove adherent follicles. Single cells
remaining adherent after these washings were incubated
with fresh endothelial cell medium that consisted of a 1:1
mixture of 10% NCS in DMEM and conditioned media from
JEG cells supplemented with 1 ng/ml FGF-2, 17.5 U/ml
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heparin, 100 U/ml penicillin, 100 pg/ml streptomycin, and
250 pg/ml nystatin. This medium is a modification of that
described by Folkman et al. (13). JEG cells are a human cell
line derived from a choriocarcinoma and are cultured in
DMEM containing 10% FBS. Cultures were incubated in
humidified incubators with 5% CO32-95% air, and the media
were replaced every 2 days. The human thyroid endothelial
cells used for the experiments reported in this article were
obtained from an individual with multinodular goiter who
was euthyroid.

FACS analysis. When the cells had grown to confluence,
they were removed from the dishes with 0.1% trypsin in
calcium- and esium-free HBSS and washed with HBSS

ined, and the isolated
es with media. Cells
isible to the naked

passaged cells we ozen and returned tg i
viahflity. %
ssessmen, clbgrowth. Cells wefe passaged with 0.1%
rypsin in r@?‘A on 24-well, gelatin-coated plates
and left % and recover fof 48
Cells S

afterf whic
contai

sayed for a further 48 h. The
were washed in Cg and/or Mg2*-free HBSS, and 1 ml
@ES buffer and t ops of Zaponin (Coulter Electronics,
on, UK) were 3 d. The cells were left at 37°C until the
ytoplasmic me ane lysed, leaving the nuclei intact. The
( ei was then transferred to an Accuvette

med on quadruplicate wells, and three replicate assays
e used for statistical analysis.

Immunofluorescent labeling of cells in monolayer. Cells
were grown on a multiwell noncoated slide (The Binding Site,
Birmingham, UK). The cells were air-dried (at which point
they can be stored at 4°C) and fixed with 100% acetone at 4°C
for 2 min. The slides were washed in PBS (10 mM phosphate,
150 mM NaCl, pH 7.4) for 15 min and incubated at room
temperature for 30 min with a nonimmune blocking serum
(from the species in which the secondary antibody is made)
diluted in PBS to block the nonspecific binding sites. The
cells were washed and incubated with primary antisera di-
luted with PBS for 1 h at room temperature. The cells were
washed again and incubated with PBS-diluted fluorescein-
conjugated secondary antibody for 30 min at room tempera-
ture. The cells were washed and counterstained with pro-
pidium iodide (1 pg/ml) for 2 min to identify nuclei, after
which the cells were washed and mounted using 2.5% 1,4-
diazobicyclo-(2.2.2)-octane in 80% glycerol to prevent bleach-
ing of fluorescence. Immunofluorescence was viewed using a
microscope equipped for epifluorescence, with filters for flu-
orescein and/or rhodamine.
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Nitric oxide synthesis. The production of nitric oxide (NO)
synthesis after VEGF stimulation was measured using a
Sievers 280 NO Analyzer. The human endothelial cells were
cultured in serum-free medium containing FGF, heparin,
and antibiotics as described earlier for 24 h before the start of
the experiment. VEGF of varying concentrations was added
directly to quadruplicate wells, and incubation continued for
1 h as described previously (5). Media were removed and
frozen at —70°C until assay. Duplicate background control
wells without cells were incubated as described to account for
NO release in the media itself.

Western blotting. The human thyroid endothelial cells
were grown in serum-free media for 24 h and cultured in
agonist for a further 48—72 h. The cells were lysed in 1% SDS
and passed through a syringe needle to shear viscous DNA.
The protein concentration of the sample was determined by
protein assay (DC kit; Bio-Rad Laboratories, Hemel Hemp-
stead, UK) to ensure equal loading of gels. An equal volume
of buffer (125 mM Tris, pH 6.8, 20% glycerol, 4% wt/vol SDS,
10% B-mercaptoethanol, and 0.001% wt/vol bromphenol blue
was added, and samples were heated at 95°C for 2 min. I
protein samples were separated on a 4% polyacry

SDS, and a 12% polyacrylamlde runmng gel cont
Tris, pH 8.8, and 0.1% (wt/vol) SDS. The r

electrophoretically transferred to I
difluoride transfer membranes (M1 e, Bedford, UK). Pro

¢ antibodies (see W)

and visualized by enhanced che
Autoradiographic signal i
sitometry in the linear ra
priate.

angiostatin usifg this
ibed by Gately etaf. (16).
1) was added to one-half of the condi-
both aliquots were incubated with

ium contai
(0.3 mU/%
jum® was con@ y

serum to denature active
250 pl thyroid conditioned
plasminogen or an equivalent

mycin. This was incubated for 24 h at 3
and absence of plasminogen and L-cysteine, eorresponding to
the different conditions of the thyroid medium. Medium was
supplemented with radioactive [methyl-H]thymidine (sp act
80 Ci/mmol; Amersham) at a final concentration of 0.5 nCi/
well. The endothelial cells were incubated for 24 h in the
different conditions at 37°C. After incubation, the medium
was removed, and the endothelial cell layer was washed with
HBSS. One milliliter of 6% TCA was added to each well at
4°C for 30 min. The TCA was removed, and 1 ml of fresh 6%
TCA was added to each well for a final wash. The cell layer
was solubilized in 1.0 M NaOH, and radioactivity was deter-
mined in a liquid scintillation counter.

@thehal cell iso
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Plasminogen activator assays. Conditioned medium from
thyroid follicular cells from multinodular goiters, incubated
for 72 h in varying concentrations of TSH as described pre-
viously (10), was collected, and plasminogen activator assays
were performed as described previously (27) using human
urokinase (Calbiochem, CN BioSciences, Beeston, Notts, UK)
of activity 80,000 IU/mg as standard.

Statistics. Statistical analysis was performed using Stu-
dent’s #-test, and P < 0.05 was selected as the level of
significance.

RESULTS
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ocytes, and 5% were C cells
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n in Fig. 2A. Cells were positive for factor

Fig. 1. Phase-contrast micrographs of a human thyroid endothelial
cell isolate growing on gelatin; X100 magnification.
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calcitonin, indicating successful isolation of a pure pop-
ulation of human thyroid endothelial cells. Thyroid
follicular cells were also stained for these antigens and
were only positive for cytoplasmic thyroglobulin. Fig-
ure 2, B and C, shows images taken from the confocal
microscope of immunofluorescence staining for FGF-2
and FGFR1, respectively, in the isolated human endo-
thelial cells. Cells expressed FGF-2 within the cyto-
plasm and nucleus, and perinuclear staining was
clearly evident in some cells. Cells reacted strongly
with antisera to the NHs-terminus (extracellular do-
main) of FGFR1. The FGFR1 immunoreactivity was
present in the cytoplasm but also within the nuclear
region of these cells, as indicated by the yellow staining
that represents the merging of the green fluorescence
(antigen) with the red propidium iodide (DNA).
Growth of thyroid endothelial cells to angiogenesis
regulators TSH and 3,5,3'-tritodothyronine. The re
sponsiveness of isolated human thyroid endothg

Figure 3A shows the results with FGF-2,
TSP-1. FGF-2 was a mitogen to the endo al cells at

EGF was

ng/ml and also at 1 ng/ml. TSP-1
at statistically significant level

of the agents, at any cone
endothelial cell grow

ithout plasminogen on thyroid en-
Thyroid endothelial cell growth

was stimulated by
medium, as shown in

itself stimulated growth of the th endothelial
cells, although this was not found in assays per-
formed on these cells. Similar results were found with
human foreskin fibroblasts treated plasminogen and
probably relate to the known mitogenic effects of pro-
teases (26). Regardless of this, the growth stimulatory
effects of the conditioned medium were consistently
reduced down to control levels when incubated with
plasminogen and L-cysteine. This inhibitory effect was
not seen when this medium was incubated with
FRTL-5 cells, which are an epithelial rat thyroid cell
line (data not shown).

E171

Human thyroid
endothelial cells

Thyrocytes

CT

TG

Fig. 2. Confocal images of immunofluorescent labeling. A: micro-
graph of thyrocytes and thyroid endothelial cells stained for thyro-
globulin (TG; thyrocyte specific), calcitonin (CT; C cell specific), and
factor VIII-related antigen (VIII; endothelial cell specific). Green,
positive immunoreactivity; red, propidium iodide nuclear counter-
staining; yellow, colocalization of both fluorescent probes. B: immu-
nofluorescent labeling for fibroblast growth factor (FGF)-2. C: FGF
receptor (FGFR)-1 (NHz-terminal specific antisera) on thyroid endo-
thelial cells. Nuclear immunolocalization is indicated by yellow
staining.
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Fig. 3. A: growth agSay for FGF-2, vasculagfendothelial growth
factor (VEGF), anddthrombospondin (TSP-1; @dmimistered in ng/ml)
on human thyreid endothelial cells. B:gfrowth assay for 3,53,
triiodothyronine (P;; administered in mélar gfhcentration) and tly-
rotropin (TSH; 2dministered in mU/ml)"enghuman thyroid endaghes
lial cells. ¥altes expressed as pergntage @f gontrol levels and ake
shown as means, = SD from 3 egperiments. *P < 0.05 v “¢gntuel.

NO production. When incubated with VEGF for 60
min, as described i EXPERIMENTAL PROCEDURES, 1n-
creased NO was found in the medium of the endothelial
cells (Fig. 5). All concentrations tested gave significant
increases; however, the ‘stimulation was greatesifat
lower concentrations of 1-8 ng/ml and decreagéd at
higher concentrations (n = 4).

Western blotting of FGFR1, Tie-2, andf NO syn-
thase-3. Western blotting for FGFR1 showed that the
full-length receptor of 120 kDa was expressed in all
samples when blots were probed using antibody to the
NHs-terminus of FGFR1. There was no apparent reg-
ulation of the full-length FGFR1 protein expression by
TSP-1 when compared with internal controls (data not
shown). However, VEGF was found to increase FGFR1
expression, with maximum protein expression ob-
served at 1 ng/ml VEGF (Fig. 6A), which was confirmed
by densitometry (Fig. 6B). Equal amounts of protein
were loaded on the gel, as assessed by protein assay.
Coomassie blue staining of the samples on the gels also
confirmed equivalent loading.

THYROID ENDOTHELIAL CELLS

2 -
%
%
1.5 s
E
: 1
o
el
0- ]
00—
C CM C+P CM+P

Fig. 4. Thyroid endothelial cell thymidine uptake in the presence or
absence of normad"thyraad cell-conditionedymedium with or without
plasminogen anfhiL-cysteine. Unconditionad thyroid cell medium (C),
conditioned greditm (GM), C + plasminogenh(P) and L-cysteine,
CM + P and Lsystethe were added to 6 wells ofyendothelial cells.
Cells werepimeubaged with 0.5 nCi [methyl-*H|thymidine for 24 h.

Datagfire m8gusg™ SE; n = 3 experiments. *P < Qvs. C. #P <

0.00TRs. CM ¥ P.

Western blottamg was used to detecsine the regula-
tiom of the expxggsion of the endothelial cell-specific
protein Tie, as sWown in Fig. 7 A 'he effects of TSH on
Tie-2 expredsion in endothelial eells were examined,
and no\gignificant regulation was found, consistent
withfthe ab€ence of direct éffects of TSH. Expression of
full-lenggh Tie-2 of ~150'kDa was increased when cells
were incubated with€ell-permeable cAMP analogs (8-
bromo-cAMP or dibutyryl-cAMP) or with forskolin,
which activatesqadenylate cyclase. In the absence of
these agents, Tie-2 expression was barely detectable.

The thyroid endothelial cells were further character-
ized by anvestigating the endothelial NO synthase
(NOS)8 levels. Figure 7B shows a representative

800
700 +
600 +
500 |
400
300

200 1

NO release (arbitrary units)

Control 1 3 10 30 100
[VEGF] ng/ml

Fig. 5. Effects of increasing concentrations of VEGF on nitric oxide
(NO) release from thyroid endothelial cells. Bars represent percent
change from control levels and show means + SD. All values are
significant at *P < 0.05.
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100

B 120
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% Change from control

40

20 4

0.01 0.10 1.00 4000 100.00

VEGF concentgdtion (ng/ml)
Fig. 6. Western blot analysis on human endothelial cell total frotein
lysates. A: VEGF dose responsesgrobed for FGFR1. The blots\ghow
a full-length FGFR1 of 120 kDafdetected with antisera speeific tothe
NHs-terminus. B: densitometry of the VEGE dose-response Western
blot that shows increased expression of FGFR1 in response t6Wi G
Equal amounts of protein were loaded in each lafie.

Western blot of Tie-2 and NOS-gfexpression in humafi
thyroid eddothelial cells treatedy#ithdhcreasing egn®
centrations, of dibutyryl-cAMBY Wegobserveda 4dosg-
dependentinerease in théexpression of both pratetns.
Tie-2 expression was observed at 30 pM and NOS-3
expression at 100w.M.

DISCUSSION

We have described amethod for the isolation of a celd
strain of microvascular thyreid endothelial cells uging
FACS, selecting for cells expressing factor VIII. Fhis1s
an extension of the original“pretocol that uSes the
preferential affinity of endothelial eells for gelatin (13).
Recently, methods have become availabledor the isola-
tion of endothelial cells using beads coated with anti-
bodies to Ulex europeus agglutinin-1 or‘CD-34 (14, 19,
20) primarily from vascular-rich tissues, a method that
may prove useful for laboratories wishing to attempt
this procedure from primary cultures. Antibodies to
other endothelial cell-specific antigens could also be
used (27). In our study, isolated cells were grown up
and passaged and were found to be more robust than
their parent cells because they no longer required gel-
atin for cell attachment to the culture dish. This cell
strain has now been in continuous cell culture for 3 yr.
Myometrial microvascular endothelial cells have been

E173

shown to have a stable phenotype over 14 passages
when cultured in human serum (14), but the ECV304
cells, which were thought to be derived from human
umbilical vein endothelial cells, have recently been
shown to be a bladder cancer-derived epithelial cell
line (4).

Cells are able to withstand serum-free conditions for
several days, suggesting that they may be producing
autocrine growth factors that promote cell survival.
FGF-2 was expressed by the cells, consistent with data
showing immunoreactivity in endothelial cells from
other tissués (29). Because the cells also express
FGFR1, this "G¥-2,may act in an autocrine manner to
moduldte endothalial, cell survival, movement, and
function (23, 39). Hewever, the expression of FGF-2
was Jow both by immunestaining and by Western blot-
ting (data not shown), < suggesting that paracrine
FGFEF-2, primarily from the thyroid follicular cells (3, 7,
11, 31, 42), is @@wnore likely modulator in vivo.

FGF-2 wagla mitggenic factor €o thyroid endothelial
cells, but at 10Q,ng/ml FGF-2 levelsithere was a reduc-
tion in ghe wiaximal growth observediatilower concen-
tratigns Whisell-shaped response is aieharacteristic
of FGF-2 and may be the result of receptoe dewnregu-
lationreceptor desensitization (33, 45)400 negative
cooperativity, as described for the insudin receptor (6).
We Jalso found ¢yteplasmic and nuclear localization of
FGFR1, whieh Was/been observeddin other cell types
(24, 41), but ity precise role indeontrolling growth of
endothefiaNg@8H§ is unclear.

>
=

" — <4 Tie-2
' 150 kDa

Forsk 8BrcAMP TSH Bu,cAMP

S W <« 150kpa Tie-2

- <4 120kDa NOS-3

S

| — e —— |
C 001 0.03 0.10 0.30
dbcAMP [mM ]

Fig. 7. A: Western blot analysis of Tie-2 expression in human thyroid
endothelial cells in response to 107> M forskolin (Forsk), 10~ M
8-bromo-cAMP (8BrcAMP), 3 X 10~1® M TSH, or 103 M dibutyryl-
cAMP (Buz-cAMP). Equal amounts of protein were loaded in each
lane. B: Western blot analysis of Tie-2 and nitric oxide syntheses
(NOS)-3 expression in human thyroid endothelial cells in response to
increasing concentrations of the cAMP analog dibutyryl-cAMP.
Equal amounts of protein were loaded in each lane.
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The effects of TSP-1 on endothelial cell growth have
been less well characterized than those of FGF-2. We
found that, in thyroid endothelial cells, exogenous
TSP-1 was a growth inhibitor, but its effects were not
potent. One other study has shown that TSP-1 inhib-
ited human umbilical vein endothelial cell growth by
65% after 6 days and that of pulmonary artery endo-
thelial cells by 72% after 72 h (2). Thyroid endothelial
cells showed a 30% growth inhibition at 72 h. We have
previously examined TSP-1 expression in goiters in-
duced in rats (26) when angiogenesis is occurring in the
hyperplastic gland and found that TSP-1 expression
was upregulated within the follicular cells during the
early angiogenic response. Later in the angiogenic re-
sponse, TSP-1 expression was decreased, which may
provide an extra stimulus for the angiogenic response
initiated by the angiogenic growth factors FGF-2 and
VEGF.

thyroid follicular cells is VEGF.

We found that Tie-2, the receptor
etins, was expressed on the thyre
strain. This receptor was thoug
endothelium, but we have sk
found on thyroid follicular ce
we found that Tie-2 exp

endothelial cell
be exclusive to th
that Tie-2 is_also
36). On follicular

glon is regulated by

ine regulators of Tie-2 in the endo-
also shown that thyroid follicular

effects of TSH on Tjs and thyroxine
thyroid follicular cells. However, TS
regulate angiogenesis by regulating the secretion of
angiogenic (VEGF, FGF-2, angiopoietins) or antiangio-
genic factors (TSP-1, angiostatin). TSH may also reg-
ulate proteolytic activity. Proteases could release
FGF-2 from storage in the extracellular matrix, acti-
vate latent forms of other growth factors, or produce
antiangiogenic factors from circulating plasminogen.
In this study, we show that thyroid cell-conditioned
medium contained considerable amounts of plasmino-
gen activator activity that was decreased by TSH treat-
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ment. Conditioned medium from thyroid cells stimu-
lated the growth of endothelial cells, but, after
incubation with plasminogen and L-cysteine, growth
inhibitory effects were seen. This is likely to be because
of the generation of angiostatin, known to be a specific
inhibitor of endothelial cell growth (37). The inhibition
of plasminogen activator activity by TSH would result
in decreased production of angiostatin, which would
permit endothelial cell growth essential for goitrogen-
esis. These studies demonstrate the cross talk between
the cells comprising the thyroid and show how the
balance be angiogenic and antiangiogenic factors
can be reg

e from the thyroid endothelial

cells ation. In all of our assays of

in both the

Jompanies
goitrogenesis (46). The localization of D@$-3 is consis-
tenfwith NO a role within lar control of

hyr01d yrocyte functig d/or growth (7).
We found expression infthe endothelial cells

descr1b o s study
se of FGFR1 egxpression in thyroid endo-
observed a EGF exposure suggests

), this FGFR1 regulation by VEGF may
mt mechanism for thyroid angiogenesis.
yum expression was observed at a VEGF
ation of 1 ng/ml, which is the same concentra-
hich VEGF is mitogenic to thyroid endothelial
. Therefore, VEGF could have dual effects, both as
direct mitogen and to potentiate the actions of FGF-2.
imilar experiments looking at the effects of TSP-1 on
FGFR1 expression found no effect (data not shown).
These results also show that thyroid endothelial cells
respond in a different way to VEGF than other endo-
thelial cell lines and indeed show the heterogeneity
between endothelial cells lines (48). For example, the
results of Yashima et al. (48) suggest that VEGF-
induced intracellular signaling pathways vary depend-
ing on the origin of endothelial cells. Especially, Ras
plays a dominant role in endothelial cells from capil-
lary vessels, whereas protein kinase C does in endo-
thelial cells of large vessels. These data suggest that
the increases in VEGF seen during goitrogenesis may
be acting in conjunction with the increased FGF-2 to
initiate the angiogenic response.

In summary, we have isolated a human thyroid en-
dothelial cell strain, confirmed by Tie-2 and factor
VIlII-related antigen expression and NO release in re-
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sponse to VEGF. These cells respond to paracrine 12. Ferrara N and Henzel Wd. Pituitary follicular cells secrete a
FGF-2, and VEGF, though a less potent mitogen, was novel heparin-binding growth factor specific for vascular endo-
> b >

. . thelial cells. Biochem Biophys Res Commun 161: 851-858, 1989.
able to increase FGFR1 expression. The cells also re- 13. Folkman J, Haudenschild CC, and Zetter BR. Long-term

spond to the paracrine antiangiogenic factor TSP-1 and culture of capillary endothelial cells. Proc Natl Acad Sci USA 76:
to angiostatin generated from plasminogen by the ac- 5217-5221, 1979.

tion of thyroid follicular cell-conditioned medium. This, 14. Gargett CE, Bucak K, and Rogers PA. Isolation, character-
and the observation that TSH and thyroid hormone ization and long-term culture of human myometrial vascular

. . endothelial cells. Hum Reprod 15: 293-301, 2000.

had no apparent eff?Ct on 1;hyr oid endOth?hal qe lls, 15. Garlanda C and Dejana E. Heterogeneity of endothelial cells.
SUgge‘StS' that the angiogenesis ObseI'Yed during g01t‘r0- Specific markers. Arterioscler Thromb Vasc Biol 17: 1193—1202,
genesis in under the control of TSH-induced paracrine 1997.

factors. 16. ardowski P, Stack S, Cundiff D, Grella D,

Gately S,

and Soff G. The mechanism of cancer-
of plasminogen to the angiogenesis inhibi-
Acad Sci USA 94: 10868—-10972, 1997.
JD. Thyroid angiogenesis: endothe-
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Retraction doi:10.1152/ajpendo.zh1-5765-corr.2009.

Volume 284, January 2003

Patel VA, Logan A, Watkinson JC, Uz-Zaman S, Sheppard MC, Ramsden JD, Eggo MC.
Isolation and characterization of human thyroid endothelial cells. Am J Physiol Endocrinol Metab
284: E168—E176, 2003. First published September 3, 2002; doi:10.1152/ajpendo.00096.2002;
http://ajpendo.physiology.org/cgi/content/full/284/1/E168.

The European Collection of Cell Cultures (ECACC) has advised that multiplex analysis of the
cell line deposited with them in 2006 and described by Patel et al. shows an identical match to that
of the JEG3 cell line. ECACC used a new set of PCR (forensic) primers to detect this coidentity,
which initial analyses by ECACC had not uncovered. The JEG3 cell line was derived from a human
choriocarcinoma, and the cell-conditioned medium from this line was used to support the growth
of the putative endothelial cell line. ECACC has withdrawn this cell line, known as TEC61, from
distribution. No early-passage cells exist, so it is not possible to determine when cross-contami-
nation occurred. Since the overall premise and conclusions of the paper can no longer be assured,
the authors would like to retract the paper. We sincerely apologize to the Editorial Board and
readership of the American Journal of Physiology.
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