Fig. 3. RGD-affinity
chromarography of plate-
lets incubated in the ab-
sence (lanes 1 and 2) and
presence (lanes 3 and 4)
of chymotr);gsin. After
incubation, the platelets
were solubilized in oc-
Iglucoside, and applied
ggaln RGD—aﬂinitl;Pcol- :
umn (3). The flow- 4
through (lanes 1 and 3)
and the bound (lanes 2 and 4) materials were
analyzed on SDS-PAGE (7% gels, nonreducing
conditions), transferred to PVDF membranes,
and then probed with a monoclonal antibody to
gpllla.

Un-
digested Digested

2 3 4

motrypsin such that approximately 50% of
the gpllla was degraded to the 66-kD deriv-
ative. The digested and control (undigested)
platelets were then solubilized and passed
over RGD affinity columns (3). After wash-
ing to obtain a flow-through fraction, the
columns were eluted with free RGD pep-
tide. The flow-through and the eluate were
subjected to SDS-PAGE, transferred, and
immunoblotted with a monoclonal antibody
(MAb) to gplIlla. Intact gplIlla was ob-
served in the flow-through from the undi-
gested platelets, and a mixture of intact
gpllla and the 66-kD gpllla fragment was
present in the flow-through from the chy-
motrypsin-treated platelets (Fig. 3). In the
RGD cluates from both columns, only in-
tact gpllla was detected. Thus, the 66-kD
fragment was not retained on the RGD
affinity column. This result is compatible
with interpretation that the site to which
RGD peptides bind and to which they
crosslink coincide and reside in the NH,-
terminal aspects of gpllla.

In sum, our results indicate that the lysine
residues within gpIIla 109-170, particular-
ly Lys'®, reside in close proximity to the
lysine in Fn-7 when it interacts with the
RGD binding site in gpIIb/IIIa. In addition,
the NH-terminal region of gpIIla may be
involved in the function of this adhesion
receptor; and, on the basis of homology, the
related sequences in the B subunits of the
other integrins may also be involved in their
adhesive functions. This is also consistent
with the inhibition of platelet aggregation
by a MAb to the NHy-terminal region of
gpllla (11). It must be emphasized, howev-
er, that the identified region resides in close
proximity but may not be the RGD binding
site. In fact, the RGD cross-linking site on
gpllla probably does not constitute the
complete recognition site or sites involved in
the binding of adhesive proteins to gpIIb/
IIIa or other integrins. Clearly, the a sub-
units play an important role in regulating
the specificity of the integrins (12), and it is
likely that the recognition site contains ele-
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ments contributed by both subunits. The
localization of the gpllb region to which
RGD and fibrinogen v chain peptides cross-
link (7, 8) may provide a means of identify-
ing the sequences within an « subunit that
may also contribute to the function of this
family of adhesion receptors.

Note added in proof: With a different pep-
tide and cross-linker, Smith and Cheresh
(13) have identified a similar region (61—
203 of the B subunit) in a vitronectin recep-
tor from placenta involved in cross-linking.
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tRNA"* Functions in Directing the Scanning
Ribosome to the Start Site of Translation

A. MaArk CI1GAN, LAN FENG, THOMAS F. DONAHUE

The mechanism by which the scanning ribosome recognizes the first AUG codon
nearest the 5’ end of eukaryotic messenger RNA has not been established. To
investigate this an anticodon change (3’-UCC-5’) was introduced into one of the four
methionine initiator (tRNA™"') genes of Saccharomyces cerevisiae. The ability of the
mutant transfer RNA to restore growth properties to his4 initiator codon mutant yeast
strains in the absence of histidine was then assayed. Only the complementary codon,
AGG, at the his4 initiator region supported His* growth. The mutant transfer RNA
also directed the ribosome to initiate at an AGG placed in the upstream region of the
his4 message. Initiation at this upstream AGG precluded initiation at a downstream
AGG in accordance with the “scanning” model. Therefore, an anticodon:codon
interaction between tRNAJ™* as part of the scanning ribosome and the first AUG must
function in directing the ribosome to the eukaryotic initiator region.

FUNDAMENTAL DIFFERENCE BE-

tween prokaryotic and eukaryotic

organisms is the mechanism of initi-
ation of protein synthesis. In prokaryotes,
the 30S ribosomal subunit binds the start
site of translation in mRNA (1). This recog-
nition process is predominantly mediated by
the 3’ end of 16S ribosomal RNA, a compo-
nent of the 30S subunit, which base pairs
with a complementary ribosomal binding

site (Shine/Dalgarno sequence) that is locat-
ed 5’ to a start codon. In eukaryotes, ribo-
somal binding sites of the prokaryotic type
are not present in mRNA (2). Instead, the
ribosomal scanning model (3) proposes that
the 40S ribosomal subunit in association
with methionine initiator tRNA (tRNAM ")
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and initiation factors binds the “capped” 5’
end of the message and migrates ina 5’ to 3’
direction, “scanning” for a translational start
site. Therefore, in the absence of ribosomal
binding sites in eukaryotic mRNA, the pre-
dominance of the first AUG codon serving
as the start site of translation in mRNA has
suggested that the AUG codon itself might
serve as a basic signal for ribosomal recogni-
tion of the initiator region (3).

Although the ribosomal scanning model
is based on sound experimental evidence, it
remains unclear which components of the
preinitiation complex function in establish-
ing the start site of translation. One appar-
ent difference between the prokaryotic and
the eukaryotic preinitiation complex is that
eukaryotic methionine initiator tRNA is as-

to mRNA (4). In light of the predominance
of the first AUG “signal,” this association of
tRNA** with the 40S subunit could imply
a mechanistic requirement for ribosomal
recognition of an AUG start codon. Perhaps
in contrast to a ribosomal RNA (rRNA)/
mRNA base pair interaction observed for
prokaryotes, a base pair interaction between
the anticodon of tRNAM, as part of the
scanning ribosome and the first AUG triplet
in mRNA, may mediate ribosomal recogni-
tion of the eukaryotic initiator region.

To address the role of tRNAP™* during
the translation initiation process, we isolated
three of the four tRNAM™* genes from the
haploid genome of the simple eukaryotic
yeast, Saccharomyces cerevisiae (5), and con-
structed all nine possible point mutations of

sociated with the ribosome before it binds the AUG start codon at the HIS4 locus (6).

A B
His4~ His4*

s.c.tRNA UCC U h.c.tRNA UCC UCC UCC UCC UCC
HIS4 codon AGG Agg HIS4codon UUG AUC AAG ACG AGG
MES1 allele wt MES1-100
C
» Terminate
5° 3"
408
Jme -—--»>HIS4
ucc
5- AGG 3

Fig. 1. Growth properties (on SD medium minus histidine) of his4 initiator codon mutant yeast
strains containin% a tRNAP®* gene with an anticodon mutation at position +35 (3'-UCC-5'). The
mutant tRNA™ gene was generated by site-directed mutagenesis (7). The mutant tRNA gene,
contained on an 850-bp Hind III restriction fragment was subcloned into the Hind III site of the
URA3" single-copy (s.c.) yeast vector YCp50 and YIp5 and 2-pm DNA from the yeast vector
YEp24 was subcloned into the mutant tRNA YIp5-derived plasmid to generate a high-copy (h.c.)
yeast vector. The single- or high-copy tRNA plasmids were used to transform (27) his4 initiator
codon mutant strains to URA3™, purified and tested for their ability to grow on SD minus histidine
plates (3 days at 30°C). Construction of initiator codon mutations at HIS4 have been previously
described (6). All yeast strains are isogenic to TD28 (MATa ura3-52 ino1-13), an ascospore deriva-
tive of $288C (MATa), which has been used extensively to characterized HIS4 transcription (12,
28) and translation (6, 23). A single transcriptional initiation point maps 60 nucleotides upstream
from the AUG start codon, the first AUG in the HIS4 message. (A) The mutant UCC-tRNAP
gene present on the YCp50 plasmid, in a yeast strain containing the AGG initiator codon mutation
at his4 (His4~) compared to a spontaneous His4™ revertant that contains the MES1-100 allele. Wt,
wild type. (B) The mutant tRNA on the high-copy plasmid in yeast strains (His4~) that contain
non-AUG initiator codon mutations at his¢ (UUG, AUC, AAG, and ACG) compared to the
isogenic yeast strain (His4™) bearing the complementary AGG-his4 allele. These mutant initiator
codons are not present in the 5’ noncoding region of the HIS4 message (12). The efficiency of HIS4
expression in the latter AGG, UCC-tRNA™® strain is estimated to be 16 to 20% of wild-
repressed levels (29). (C) The high-copy mutant tRNA present in a yeast strain (His4™) that
contains an out-of-frame AGG codon 28 nucleotides (—28) from the AGG mutation at the normal
HIS4 initiator codon (+1), compared to the isogenic strain, which contains only an AGG mutation
at the his4 initiator region (His4™). The AGG codon at position —28 in the his4 leader was
introduced by site-directed mutagenesis (30). Interpretations of the initiation events at these two
different mRNAs are shown schematically.
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In this report we tested the ability of an
anticodon mutation in one of these tRNA
genes to mediate ribosomal recognition of
the mutant his4 initiator region in yeast. The
strategy employed is based on the estab-
lished properties of the his4 initiator codon
mutants (6). In the absence of this first AUG
codon at HIS4, ribosomes bypass this re-
gion, which results in the inability to grow
in the absence of histidine (His ™). Thus, the
physiological relevance of an anticodon: co-
don interaction in establishing start site se-
lection can be assessed by a simple growth
test. If the anticodon of tRNAM®! functions
in directing the ribosome to the start site,
then an anticodon mutation should direct
the ribosome to the complementary non-
AUG codon at the his4 initiator region as
detected by a His* phenotype.

The mutant tRNA gene was constructed
by oligonucleotide site-directed mutagenesis
(7) changing the wild-type +35 adenine
nucleotide (3'-UAC-5') to cytosine (3'-
UCC-5") so that it could potentially base
pair with a +2 change of the HIS4 AUG
initiator codon, AGG (Fig. 1). This specific
tRNA mutation was selected for two rea-
sons. First, in vitro modification of the +34
and +36 anticodon positions of the pro-
karyotic tRNAP** (N-formyl-methionine)
decreases the ability of these tRNAs to be
aminoacylated by the Escherichia coli meth-
ionyl-tRNA synthetase by greater than three
orders of magnitude (8). However, of the
+35 changes, an A to C change (3'-UCC-
5') only reduces aminoacylation of this mu-
tant tRNA by 50-fold. On the basis of
similar enzymatic properties (9) and amino
acid homologies (10) between the yeast and
E. coli methionyl-tRNA synthetases, it was
anticipated that a yeast initiator tRNA with
the +35 anticodon change, 3'-UCC-5' (re-
ferred to as UCC-tRNA™"), would be the
best candidate among mutant tRNAs to be
aminoacylated in vivo and therefore active
during the translation initiation process
(11). Second, the complementary AGG trip-
let codon does not appear in the 5’ noncod-
ing region of the HIS4 message (12). There-
fore, initiation at an upstream AGG will not
preclude the ability to detect initiation at an
AGG codon present at the his4 initiator
region; a property anticipated based on first
AUG recognition rules in yeast (6, 13).

As shown in Fig. 1A, this mutant tRNA
gene when present in yeast as part of the
single-copy yeast vector YCp50 (14) cannot
restore HIS4 expression despite a comple-
mentary codon at the normal initiator re-
gion. However, upon prolonged incuba-
tion, this His™ yeast strain reverts to His*.
Forty of these revertants were characterized
by vector loss and subsequent retransforma-
tion with UCC-tRNA* (15). On the basis
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of these studies, the His* phenotype associ-
ated with three of these revertants is depen-
dent on the original UCC-tRNA{™, the
complementary codon at his4, and a newly
acquired chromosomal mutation. Genetic
analysis showed that each of these three
revertant strains contained a chromosomal
mutation that was unlinked to HIS4 and
located on chromosome VII (16), being
tightly linked to the previously mapped
MES1 gene, which encodes methionyl-
tRNA synthetase (17).

Isolation of the MES1 gene from one of
the three His* revertants (Fig. 1A) and
subsequent subcloning studies localized the
mutation responsible for UCC-tRNAM-
dependent HIS4 expression to a 1.0-kb Xba
I DNA restriction fragment. This DNA
fragment spans amino acid positions +311
to +639 in the previously described MES1
DNA sequence (10). DNA sequencing of
this entire 1.0-kb Xba I fragment in parallel
with the fragment isolated from the isogenic
parent strain identified a single-point muta-
tion (GAT— TAT) that changes the aspartic
acid at amino acid position +420 to a
tyrosine (Fig. 2). This amino acid change is
located 67 amino acids downstream from

Fig. 2. DNA sequence anal- A
ysis of wild-type MES1 and
the mutant MES1-100 al-
leles. The DNA sequence of
the wild-type MES1 gene
(methionyl-tRNA  synthe-
tase) has been previously de-
scribed (10). The complete
MES1 gene is present on a
3.2-kb Eco RI-Bam HI re-
striction fragment capable of
encoding a protein of 751
amino acids. The entire
MES]1 region from the par-
ent and single-copy UCC-
tRNAP His4" revertant
strain (Fig. 1A) was isolated B
by the integration/excision
method (31) with a 5’ proxi-
mal 2.0-kb Hind III frag-
ment that is contiguous
with the MES1 gene. To
localize the mutation, DNA
restriction fragments de-
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the CysX;CysXoCysX,Cys zinc(II) finger
motif (18) and resides within a region that
shows limited homology between the E. coli
(19) and yeast (10) enzymes (Fig. 2). In
light of the fact that MES1 is a single-copy
gene in yeast, this mutation in methionyl-
tRNA synthetase (MES1-100) must confer
the ability to “charge” the UCC-tRNAP*!
(20) while maintaining the ability to amino-
acylate the wild-type initiator and elongator
Met-tRNA species.

The ability to detect a His™ phenotype
with these revertant strains strongly suggests
that this mutant tRNA participates in ribo-
somal recognition and initiation at an AGG
codon at his4, provided a charging defect
conferred by the anticodon mutation is cir-
cumvented. As part of our analysis we real-
ized that AGG his4 strains containing the
wild-type MES1 gene were also His* when
these strains contained the mutant UCC-
tRNAJ* as part of a high-copy yeast vector
(Fig. 1B). In addition, the same effect
(His™) could be obtained by maintaining
the mutant tRNA in single copy and the
wild-type MES1 gene on a high-copy vector
(21). Thus, by altering the dosage of mutant
tRNA or the wild-type methionyl-tRNA

Wild type Mutant

S A LC

S
-

= s 0ma0 L

rived from the evicted mutant MES1 gene were used to construct a series of functional chimeric MES1
genes consisting of mutant and wild-type DNA restriction fragments. These chimeric genes were placed
onto the single-copy LEU2/CEN4 yeast vector and used to transform MC57-3B [MATa, his4-
318(AGG), ura3-52(URA™ : UCC-tRNA™") leu2-3, mes1-1, ino1-13] to Leu2*. This strain contains a
previously described temperature-sensitive allele of MES1 (mes1-1) (17). The mutation in the MES1-100
region was localized to the 1.0-kb Xba I DNA fragment by its ability to nonselectively confer a His4*
phenotype to this strain in the presence of UCC-tRNA™" as well as complement the temperature-
sensitive phenotype of the mes1-1 strain. The complete sequence of this fragment was determined by
subcloning each of the wild-type and mutant MES? Xba I restriction fragments into mp10 and mpl1.

From a series of synthesized oligonucleotides com,

lementary to the MES1 coding region, the DNA

sequence of both strands of the Xba I restriction fragment was determined. (A) The DNA sequence
corresponding to the antisense strand of the wild-type and mutant MES1-100 region (between amino
acid positions +417 and +423). Labels for base pair regions indicate the normal and mutated codon for

the wild-type

and mutant MES1-100 genes, respectively, and arrows indicate the direction of

translation. (B) The position of the resulting amino acid change relative to the wild-type yeast MES1
gene. A comparison of the yeast and E. coli amino acid sequences is also presented showing the zinc(II)
finger domain and its relative position to the region containing the mutation in the MES1-100 allele.
Identical amino acids are shown as (M), conservative changes as (OJ).

7 OCTOBER 1988

synthetase, levels of aminoacylated mutant
tRNA that can participate in the translation
initiation process are increased.

Using the high-copy UCC-tRNAP
expression system, we tested various aspects
of the specificity of the anticodon:codon
interaction in establishing the start site of
translation. This system was employed as it
affords an analysis in isogenic yeast strains.
Therefore, differences in growth properties
should be a direct reflection of simple base
changes and their effects on the initiation
process at HIS4 as opposed to nonspecific
effects on growth due to genetic background
differences.

The UCC-tRNAP** when present in yeast
strains containing one of the noncomple-
mentary initiator codon mutations AAG,
ACG, AUC, or UUG at his4 is incapable of
restoring HIS4 expression (Fig. 1B). This is
in contrast to the His* phenotype observed
when the complementary AGG codon is
present at his4 (Fig. 1B). This not only
demonstrates the specificity of the mutant
UCC-tRNAP! for initiation at AGG but
shows that a triplet codon other than AUG,
namely AGG, can serve as the start site of
translation provided the complementary
anticodon is present in the initiator-tRNA.

We also tested the ability of UCC-
tRNAP* to mediate recognition of a com-
plementary triplet in accordance with scan-
ning rules established for AUG codon rec-
ognition in yeast (6). A his4 allele was
constructed by site-directed mutagenesis to
now contain an AGG codon in the his4
leader 28 nucleotides upstream and out-of-
frame with the AGG codon present at the
initiator region (Fig. 1C). When this con-
struction is present at HIS4 in yeast strains
containing the UCC-tRNA{™* on a high-
copy vector no HIS4 expression can be
detected (His™; Fig. 1C). Similar results are
obtained when AGG is placed 14 nucleo-
tides upstream from a downstream in-frame
AGG codon (22). Namely, this strain is
His™ in contrast to the His™ phenotype
observed in the parent strain that does not
contain the upstream AGG. In addition,
fusion of this upstream AGG in the latter
HIS4 allele construction in-frame to HIS4
results in a His* phenotype in the presence
of the mutant tRNA, directly demonstrating
that the upstream AGG serves as a site of
initiation (22). In light of these observations
and studies at HIS4 (23), which show that
deletions and point mutations in the HIS4
leader have little or no effect on HIS4
expression, we conclude that loss of HIS4
expression is not a consequence of mutating
the his4 leader by introduction of an up-
stream AGG. Instead, the simplest explana-
tion for the His™ phenotype in these strains
is that it is a direct consequence of AGG
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being complementary to the anticodon of
the mutant tRNA, which confers the ability
to the ribosome to no longer bypass the his4
leader but now recognize and initiate at the
first AGG codon in the message (Fig. 1C).
This codon is out-of-frame with the HIS4
coding region. Therefore, as observed for
upstream, out-of-frame AUG codons in
yeast mRNAs (6, 13), recognition of this
first AGG codon precludes the ability of the
ribosome to continue to scan the leader
region and initiate at the downstream AGG
that would confer a His* phenotype (Fig.
1C).

Aside from providing a structure-function
relation between tRNA™"' and the synthe-
tase (Fig. 2), perhaps defining a specific
interaction between the anticodon and a
nucleic acid binding domain in the protein,
our data illustrate two important features of
the initiation process (Fig. 1). First, the
anticodon of the tRNAM functions in di-
recting the ribosome to initiate translation
at the first complementary triplet codon in
the message. Second, the ability to direct the
ribosome to an AGG triplet located at two
positions in the his4 message, one of which
does not correspond to a normal initiator
region, suggests that sequence context is not
essential to the recognition process in yeast.
This would agree with genetic and muta-
tional studies at HIS4 that demonstrate that
no simple sequence in the HIS4 message can
override the importance of an AUG in es-
tablishing the start site of translation (6, 23).
Taken together, our analysis suggests that as
the ribosome scans the 5’ noncoding region
of mRNA the anticodon of tRNAP! as
part of this preinitiation complex, reads the
mRNA. Once a complementary base pair
interaction between the anticodon of tRNA
and a triplet codon in mRNA is established,
the ribosome then stops and the 80S initia-
tion complex is assembled. Therefore, an
anticodon:codon  interaction  between
tRNA"! and the first AUG in the message is
a basic component for ribosomal recogni-
tion of the translational start site during the
scanning process.

However, the observations that transla-
tion efficiency at an AUG codon can be
varied by altering the sequence context (23),
especially in higher eukaryotic mRNAs (24),
suggests that ribosomal recognition of an
initiator region may be more complex than a
simple three base pair interaction between
the anticodon of the tRNAP®' and the
AUG. In agreement with this recent rever-
sion, studies in our laboratory suggest that
the eukaryotic initiation factor 2 (eIF-2) is
also important for mediating start site selec-
tion. Specifically, mutations at a zinc(Il)
finger motif of the eIF-2B subunit confers
the ability to the ribosome to initiate at a
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UUG codon in the absence of an AUG at
HIS4 (25). Interestingly, eIF-2 is intimate-
ly associated with tRNAP® from the time
of ternary complex formation (eIF-2:
GTP-tRNA™") up until the time of 80S
complex formation, suggesting that both
elF-2 and tRNAM" might work in concert
in establishing the start site of translation. In
light of similarities between the yeast and
mammalian initiation process (26), these
analyses provide insight into the general
mechanism of translation initiation in virtu-
ally all eukaryotic organisms.
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Endothelial Adhesiveness for Blood Neutrophils Is
Inhibited by Transforming Growth Factor—

JENNIFER R. GAMBLE AND MATHEW A. VADAS

Adhesion of blood cells to endothelial cells is an essential component of all inflamma-
tory responses. The capacity of the endothelium to support adhesion of neutrophils is
increased by cytokines such as tumor necrosis factor—e, interleukin-1, and endotoxin.
Another cytokine, transforming growth factor—f§ (TGF-$), was a strong inhibitor of
basalneutrophil adhesion and also decreased the adhesive response of endothelial cells
to tumor necrosis factor—o (TNF-a). The ability of cells to respond to TGF-B was
related to the duration of culture of endothelial cells after explantation from umbilical
veins. TGF- is likely to serve an anti-inflammatory role at sites of blood vessel injury
undergoing active endothelial regeneration.

B for 24 hours showed a reduced capaci-
ty to support neutrophil binding (Fig. 1)

TTACHMENT TO THE ENDOTHELIUM
Ais essential in the movement of cells

from the circulation into the site of
an inflammatory reaction. The level of cell
attachment is markedly increased by cyto-
kines such as TNF and interleukin-1 (IL-1),
which also increase the levels of some mole-
cules on the endothelial surface involved in
adhesive reactions (1-3).

Endothelial cells also elaborate an extra-
cellular matrix composed of glycoproteins
such as laminin (4), fibronectin (5), and
collagen (6) involved in cell anchorage and
migration. Recently, TGF-B was shown to
increase the incorporation of fibronectin and
collagen into the extracellular matrix of fi-
broblasts, epithelial, and endothelial cells (7,
8). Furthermore, TGF-B also inhibits endo-
thelial cell proliferation in response to
growth-promoting factors (9) and wound-
ing (10), which suggests that TGF-B may be
an important regulator of function at the
endothelial surface. We therefore examined
the effect of this molecule on adhesive inter-
actions involving endothelial cells and neu-
trophils.

Primary cultures of human umbilical vein
(HUVE) endothelial cells exposed to TGF-
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that was dose-dependent but plateaued at
maximum levels of inhibition with TGF-8
(2 ng/ml). This dose response for inhibi-

tion of neutrophil attachment is consistent
with reports for the effect of TGF-B on
endothelial cell proliferation, locomotion,
and angiogenesis (8). The response was
blocked by a monospecific antibody against
TGF-B (R&D Systems) and similar inhi-
bition was demonstrated with recombinant
(r) TGF-B (Genentech); the basal adher-
ence of 0.149 = 0.016 was reduced to
0.063 = 0.002 by rTGF-B (2 ng/ml). This
dose of TGF-B did not result in inhibition of
endothelial cell proliferation; there was little
or no change in the morphology or density
of the endothelial monolayer as assessed by
dye uptake and microscopy. Cell numbers
after 24 hours of exposure to TGF-B (2
ng/ml) were 10.6 = 0.8 x 10* and without
exposure to TGF-B were 9.6 + 0.8 x 10°
(arithmetic mean + SEM, n = 5) from an
original 10* cells plated per well.

To test the effect of varying the time of
addition of TGF-B on the inhibition of
neutrophil attachment, endothelial cells
were replated into microtiter wells, and
treated for 3 to 24 hours with TGF-B (2
ng/ml) before assaying for neutrophil bind-
ing. Significant inhibition of adherence was
seen after a 6-hour exposure; however, max-
imum inhibition was obtained when TGF-8
was added at the initiation of the experiment
and the endothelial cells were exposed for a
full 24-hour period (Table 1). Again, no
effect on endothelial cell growth was ob-
served under these conditions.

TGF-B has been shown to decrease the
number of high-affinity epidermal growth
factor (EGF) receptors on a variety of endo-

Fig. 1. The effect of TGF-B on adherence of [
neutrophils to endothelial monolayers. HUVEs 0.300 -
obtained from collagenase treatment of umbilical :
cords were cultured for 3 to 7 days in 25 cm?
flasks (Costar) in RPMI 1640 plus 20% fetal
bovine serum (FBS) as described (17). Cells were
then harvested by trypsinization (Flow) and plat-
ed into 6.41-mm” microtiter wells (NUNC) at
1.6 x 10* cells per well. TGF-B (97% pure isolate
from human platelets, R&D Systems) was then
added and after 24 hours the adherence of Ficoll-
Hypaque—purified (18) venous blood neutrophils *
(mean purity 96%) was measured with the use of
an assay based on the uptake of the viable stain
Rose Bengal (19). Between 2 and 8 X 10° neutro-
phils in RPMI 1640 plus 5% FBS were added to
wells of a 96-well flat-bottomed microtiter tray
containing monolayers of HUVEs. After 30-min —— T
incubation at 37°C in 5% CO,, the supernatant o 002 0.2 2 20
was removed and 100 ul of 0.25% Rose Bengal TGF-3 ( ng /ml)

stain was added for 5 min at room temperature.

Nonadherent cells were removed by two subsequent washes in medium; stain incorporated into the cells
was released by the addition of 200 pl of ethanol:phosphate-buffered saline (1:1). After 45 min the
wells were read in an enzyme-linked immunosorbent assay (ELISA) reader (Dynatech) at 570 nm. The
level of adherence is given as the mean optical density reading at 570 nm (ODs7,) of wells containing
adhering cells and HUVEs minus the mean OD of wells containing HUVEs alone. On the average a
tenfold change in ODys7q represents a tenfold change in the numbers of cells adherent per square
millimeter. Each point represents the arithmetic mean + SEM of 9 to 15 determinations from four to
five separate experiments. Points marked by an asterisk differ significantly from no added TGF-B
(P = 0.005, two-tailed ¢ test).
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