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Transglutaminases (TGases) are enzymes which catalyze cross-link formation between specific glutamine residues
and lysine residues in substrate proteins. We report here that two of the TGases, blood coagulation factor XIIIa (EXIIIa)
and tissue-type TGase (TGc), are capable of mediating adhesion of various cells through different mechanisms. When
coated on plastic surfaces, they promoted adhesion and spreading of various cells of both normal and tumor origin,
in a concentration-dependent manner. The adhesion was not inhibited by antibodies against possible contaminants in
the enzyme preparation such as fibronectin and vitronectin, but was completely inhibited by a polyclonal antibody
against the enzymes. It is obvious, therefore, that contaminants, if there were any, cannot account for the observed
cell adhesion to the enzymes. Furthermore, phosphorylations of tyrosine residues in 120 kDa- and 70 kDa-proteins
were very clearly shown in human fibroblasts adhered to the enzyme. Formation of actin stress fibers was also quite
unambiguously observed in the adhered cells. These biochemical reactions, which are also observed when cells adhered
to a typical cell adhesion protein fibronectin, are believed to be of importance in the process of cell adhesion. Although
the adhesion to FXIIIa is dependent on its TGase activity, the TGc-mediated cell adhesion is independent of its TGase
activity: 1) The modification of the active center cysteine with iodoacetamide blocked the enzyme activity without
any effect on the cell adhesion. 2) The addition of Mg*” did not induce the enzyme activity, but it was as effective as
Ca’™ for the cell adhesion. 3) The addition of NH: " inhibited the enzyme activity, vet it did not affect the adhesion
significantly. The integrins involved in these cell adhesions are quite different. In the case of F XIIla, avf3 and a5p
1 integrins are involved and consequently the RGD peptide substantially inhibited the adhesion. On the other hand, the
cell adhesion to TGce is mediated by a4 f 1 integrin, and the RGD peptide was without effects. It is possible that these
two molecules may mediate cell adhesions under different physiological or pathological situations.
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FXIIIa

The cell adhesion toFXllla. A, Human fibroblast TIG-1 cells were
plated on plastic chips coated with 20 ug/mL fibronectin (FN) or 30 u
g/mL FXllla and viewed under a phase contrast microscope. Bar, 100 m,
magnification, X 100. B, TIG-1 cells adhered to FN or FXllla were fixed,
permeabilized and actin fibers were stained with rhodamine-phalloidin
conjugate for fluorescence microscopy. Bar, 50 um, magnification, X
400.
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Fig. 2. Effects of the treatment ofFXllla with iodoacetamide (IAA)
on TGase and the cell adhesion activity. FXllla (30ug/mL) or
FN (20ug/mL) was incubated with varying concentrations of
1AA at 37°C for 90 minutes and was subjected to the cell adhe-
sion assay using TIG-1 cells or TGase assay. More than 90%
of the cells subjected to the cell adhesion assay did adhere to
FXllla in control experiments. The data of cell adhesion assay
are mean £ s.em. of a representative experiment in which trip-
licate determinations were made: TGase activity, open circles;
the cell adhesion to FXlllaclosed circles; the cell adhesion to
FN, closed triangles.
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Fig. 3. Thirty ug/mL FXllla, 10 ug/mL FN, 3 ug/mL vitronectin (VN), 10 ug/mL fibrinogen (Fbg), 3 ug/mL type-1 collagen

(Col), and 10 ug/mL lamini (LN) were treated with 30 M IAA, then were subjected to the cell adhesion assay using TIG- 1

cells. Note that the cell adhesion to neither FN, VN, Fbg, type-1 Col nor LN was affected but the cell adhesion to FXllla was
completely inhibited by the treatment with IAA.  Magnification, X 100.
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Fig. 4. Effects of ammonium ion on TGase and the cell adhe-
sion activity. TGase and the cell adhesion of TIG-1 cells
were determined in the presence of varying concentrations of
ammonium chloride. In the case of the cell adhesion assays,
the reagent was added to the cell suspension. TGase and the
cell adhesion activities were expressed as percent of control
values obtained in the absence of ammonium chloride. More
than 90 % of the cells subjected to the cell adhesion assay did
adhere to FXllla in control experiments. The data of cell adhe-
sion assay are mean *+ s.e.m. of a representative experiment
in which triplicate determinations were made: TGase activity,
open circles; the cell adhesion to FXllla, closed circles; the
cell adhesion to FN, closed triangles.
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determinations of TGase activity (hatched columns) and cell adhesion of TIG-1 cells

B \ (closed columns) were performed using FXllla (1) or TGe (2) with (+) or without
EBR2AT - 720 &3 FXITI DY (-) modification of enzymes with IAA. The modification of TGc (10 ug/mL) or
&75h5, Fi g 7 WRLZZE S, FXllla (30 ug/mL) with 100 uM IAA was carried out at 37°C for 30 minutes. The

cell adhesion assay data are mean %s.d. of a representative experiment in which
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quintuplicaticate determinations were made. Values are expressed as relative to the
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Ca®" or Mg®*. TIG-1 cells were
incubated with 5mM EDTA
at 37°C for 10 minutes, and
washed two times with Hepes-
Tyrode buffer. Cells were then
suspended in the same buffer
containing either Ca®* (open
circles) or Mg®" (open squares)
at varied concentrations, and
subjected to the cell adhesion
to FXIlla (1) or to TGc (2).
TGase activity of Fllla (1) and
TGc (2) was also determined in
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Fig. 7. The effect of antibodies against various integrins on the cell adhesion to

FXllla. TIG-1 cells were preincubated with antibodies against various integrins
at room temperature for 30 minutes and the adhesion to FXllla was measured. It
was expressed as relative to the control value obtained in the experiment carried
out in the presence of 100 ug/mL preimmune rabbit IgG and 20 ug/mL control
mouse IgG. The following concentrations of antibodies were used: a2, 20 ug/
mL anti-a 2 mAb (6F1); a3, 20 ug/mL anti-a 3 mAb (P1B5); a4, 20 ug/
mL anti-a 4 mAb (SG/73); a 6, 20 ug/mL anti-a 6 mAb (GoH3); 81, 5 ug/
mL anti- 81 mAb (4B4); a5, 20 ug/mL anti-a 5 mAb (BIIG2); avB 3, 100
ug/mL anti-VN receptor polyclonal antibody. The lowest possible concentrations
to give the maximum effect were chosen if the effects of antibodies were positive.
The highest possible concentrations were chosen, on the other hand, if the effects
of antibodies were negative. More than 90% of the cells subjected to the cell
adhesion assay did adhere to FXllla in control experiments. The data are mean =+
s.em. of triplicate determinations from a representative out of three experiments.
The * on the bars means that p<0.05. The p values for the experiments without *
were more than 0.1 (p>0.1).
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Fig. 8. Effects of anti-integrin antibodies with function-blocking
activity on the cell adhesion to TGe. TIG-1 cells were preincu-
bated with function-blocking antibodies against various integrins
at room temperature for 30 minutes and the adhesion to TGc
was measured. It was expressed as relative to the control value
obtained in the experiment carried out in the presence of 100
ug/mL preimmune rabbit 1gG and 10 ug/mL control mouse
IgG. The following concentrations of antibodies were used: a
2, 10 ug/mL anti-a 2 mAb (6F1); a 3, 10 ug/mL anti-a
3 mAb (P1B5); a4, 10 ug/mL anti-a 4 mAb (HP2/1); a
5, 10 ug/mL anti-a 5 mAb (BIIG2); a 6, 10 ug/mL anti-
a6 mAb (GOH3); B 1, 5ug/mL anti-B 1 mAb (4B4); av
B3, 100 ug/mL anti-VN receptor polyclonal antibody. It was
confirmed that these concentrations of antibodies were high
enough to inhibit the cell adhesions to well known adhesion
proteins used as each positive control. The data are mean *+
s.d. of a representative experiment in which quintuplicate deter-
minations were made.

FHWTHE L7224, Fig 9I1TRL2X )12,
B 1A YT 7Y 2R T 52E 20
FNVHURDAIE T CORMMBEE L. L2d o
MR D a 44 V7 7) VIS d5E /71
TP L > TREBCHEINDZFH LY, 2D
MBEA CBVTId a 4 5 15 TH4 07
FY)rThHLILEBHLI, SHIZZOME5T
A T Y OMBEOMELED T L7014
AR TF FOMBSHEE OB L, 77
A 7atrsF v OMNEEE FX A4 ¥ 2 RE L7
RPOWSHE 2o 12H2HT, HHHEDL VT
TVUBIZE avp 3% a 58 12355 5M
a5 BB Tl 7o ARG-GLY - ASP # &is
FAAL UGT 5720122 N6E2ELERRT

b XTIVEIF—FICHT 3 MRRES

120 k

100

80 |

60

40t

Adhesion (% of control)

20F

0

control anti-o4

Fig. 9. Effect of anti-a4 integrin antibody on the cell adhe-
sion to TGc. MOLT-3 cells (human lymphoma cell line)
were preincubated with 20 ug/mL anti- a4 function-
blocking antibody (HP2/1) at room temperature for
30 minutes in the presence of 5 ug/mL B 1 integrin-
activating mAb (TS2/16) and 0.25 mM Mn?* and the
adhesions to TGc (closed columns) and FN(hatched
columns) were measured. It was expressed as relative to
the control value obtained in the experiment carried out in
the presence of 10 ug/mL control mouse IgG. The data
are mean * s.d. of a representative experiment in which
quintuplicate determinations were made.
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Fig. 10. The cell adhesion to TGc is not inhibited by a RGD
peptide. TIG-1 cells were mixed with either a synthetic
peptide GRGDSP or GRGESP at indicated concentra-
tions, and the cell adhesions to following proteins were
measured: 10 ug/mL TGc (closed columns), 30 ug/mL
FXllla (hatched columns), or 3 ug/mL FN (open columns).
The data are mean =+ s.d. of a representative experiment
in which quintuplicate determinations were made.
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Fig. 11. Dual functions of FXllla for the cell adhesion. The TIG-
1 cells once attached to FXllla (30 ug/mL) (solid bars) or FN
(20 ug/mL) (hatched bars) were detached by incubation with
EDTA, washed 2 times with the medium MEM, and were
subjected to the second cell adhesion assay to another FXllla
(30 ug/mL)-coated surface to investigate the effects of IAA
or ammonium ion.  Values were expressed as relative to the
control values. More than 90% of the cells subjected to the
cell adnesion assay did adhere to FXllla in control experiments;
the cells detached from both substrata adhered similarly well
in the second adhesion assay to FXllla. The data are mean =%
s.em. of triplicate determinations from a representative experi-
ment.
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