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Phosphotyrosine (P-Tyr) antibodies have been used to identify the phosphorylated 
forms of growth factor receptors and oncogene-coded tyrosine kinases. Western 
blot analysis of a gastric carcinoma cell line with P-Tyr antibodies revealed a 
tyrosine-phosphorylated protein of M, 145,000 (P145). In addition, in vitro phos- 
phorylation with (Y-~*P)ATP of P-Tyr immunoprecipitates of the same cells 
resulted in labelling of this protein on tyrosine. P145 appears to be a transmem- 
brane glycoprotein, with features suggestive of a growth factor receptor. How- 
ever, the in vivo or in vitro addition of known growth factors did not affect P145 
tyrosine phosphorylation. We now report that PI45 is rapidly dephosphorylated in 
vivo when cells are exposed to low pH, a condition known to dissociate ligands 
from their receptors. The addition of serum-free medium, conditioned .by the 
gastric carcinoma cells, fully restores the tyrosine phosphorylation lost with acid 
treatment. These data suggest that the activity responsible for P145 phosphoryla- 
tion on tyrosine, whether intrinsic to P145 itself or due to an associated kinase, is 
stimulated by a factor secreted by the tumor cells themselves. 
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Several independent findings support the hypothesis that the malignant behavior 
of some tumors is sustained by an “autocrine” loop, wherein cancer cells produce 
growth factors that stimulate their own growth (1-5). Many growth factor receptors 
are associated with a protein tyrosine kinase activity, which acts-in concert with 
other biochemical events-as a signal transducer, triggering the mitogenic intracellu- 
lar responses (6-10). Upon the binding of their specific growth factors, the receptors 
endowed with tyrosine kinase activity are transiently activated and phosphorylate 
themselves on tyrosine. In malignant cells, these receptors may be permanently 
activated, even in the absence of exogenous growth factors, due to structural altera- 
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tions of the receptors [ll-121 or due to an autocrine stimulation [2]. This results in 
their constitutive phosphorylation. 

Phosphotyrosine (P-Tyr) antibodies have been used successfully to identify the 
autophosphorylated form of receptors for known growth factors and the oncogene- 
coded proteins endowed with tyrosine kinase activity (10, 13-21). Using P-Tyr 
antibodies, it has been shown that platelet-derived growth factor (PDGF) and epider- 
mal growth factor (EGF) receptors are phosphorylated only upon the addition of 
exogenous growth factor and are rapidly dephosphorylated (20-21). The same tech- 
nique has also shown that kinases involved in autocrine loops are permanently 
activated and that phosphotyrosine-containing proteins accumulate within the cells 
(16, 18). We recently used P-Tyr antibodies to screen a number of human tumor cells; 
a few contained high levels of proteins phosphorylated on tyrosine (17). A tyrosine- 
phosphorylated protein with the M, of 145,000 (P145) was unique to a gastric 
carcinoma line. After immunoprecipitation with P-Tyr antibodies, P 145 displayed a 
strong associated protein kinase activity in vitro, becoming phosphorylated on tyro- 
sine. Neither immunologic cross-reactions nor similarities in phosphopeptide maps 
were found between P145 and known tyrosine kinases (36). The present work 
provides evidence that the tyrosine phosphorylation of P145 in the gastric carcinoma 
cell line studied may be stimulated through an autocrine loop. 

MATERIALS AND METHODS 
Cells and Reagents 

The GTL-16 cell line is a clonal line derived from a poorly differentiated gastric 
carcinoma cell line (22). Normal human gastric mucosa was obtained as described 
previously (17). SR-BALB cell line is a mouse fibroblast line transformed by the 
Schmidt-Ruppin D strain of Rous sarcoma virus. P-Tyr antibodies were raised against 
p-amino-benzene-phosphonate and affinity purified as previously described (13). They 
are defined as phosphotyrosine antibodies (a-P-Tyr) . 

Western Blotting 

Cells were washed with phosphate-buffered saline (PBS), pH 7.4, and solubi- 
lized in boiling Laemmli buffer (23) with or without reducing agents. Samples were 
adjusted to a protein concentration of 200 pg/well, run in SDS-PAGE and transferred 
onto nitrocellulose sheets as previously described (24, 25). Blots were probed with 9 
pg/ml of purified P-Tyr antibodies, followed by '251-labelled S. uureus protein-A 
(Amersham). The M, of labelled proteins was estimated using cotransferred 14C- 
methylated myosin (200,000), phosphorylase b (92,5OO), bovine serum albumin 
(69,000), egg albumin (46,000), and carbonic anhydrase (30,000) (Amersham). 

lmmunocomplex Kinase Assay 
After immunoprecipitation with P-Tyr antibodies or control preimmune rabbit 

immunoglobulins, immunocomplexes were collected on Protein-A Sepharose, washed, 
and phosphorylated in the presence of 10 mM MnC12 and 10 pCi (Y-~~P)ATP (specific 
activity: 7,000 Ci/mM, Amersham) at 0°C for 5 min. Samples were eluted off the 
protein-A Sepharose by boiling in Laemmli buffer. These samples were subjected to 
SDS-PAGE followed by autoradiography for 2 h using an intensifying screen. 
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Acid Treatment and Stimulation by Conditioned Medium 

Cells were incubated with an isotonic solution containing 20 mM acetic acid 
(pH 3.7), 150mM NaC1, and 0.25% BSA for 5 min at 4°C. Under these conditions, 
known growth factors such as EGF and PDGF are dissociated from their cell surface 
receptors without affecting cell viability (20, 26). 

For stimulation with conditioned medium, exponentionally growing cultures 
were incubated in serum-free medium for 24 h and then trypsinized and allowed to 
recover in medium without serum for an additional 48 h. Cells were treated with the 
above-described isotonic acid solution for 5 min, washed twice with PBS, and 
incubated with conditioned serum-free medium. The latter was collected from cells 
previously grown in serum-free medium for 48 h and trypsinized as above. Negative 
controls included incubation with isotonic acid solution (pH adjusted to 7.0 with 
NaOH) and physiological saline. 

RESULTS 
Detection and Localization of Proteins Phosphorylated on Tyrosine in a 
Gastric Carcinoma Cell Line GTL-16 

Whole-cell proteins were solubilized in Laemmli buffer (23), separated by 
PAGE, transferred to nitrocellulose sheets, and probed with purified antibodies 
against P-Tyr followed by radiolabelled protein-A, as described elsewhere (11). As 
previously reported (17), no labelled bands were observed in normal human fibro- 
blasts grown in vitro nor in samples harvested from the gastric mucosa of donors 
affected by different pathologies. A protein of the approximate M, of 145,000 was 
detected in samples solubilized from the gastric tumor cell line GTL-16 (Fig. 1A). 
Longer exposure of the gels or the vanadate treatment of the cells allowed the 
detection of other phosphotyrosine-containing bands of different M, (data not shown). 
The presence of authentic P-Tyr in P145 was confirmed by immunoprecipitating it 
from cells metabolically labelled with 32P-orthophosphate (36). 

In Vitro Tyrosine Kinase Activity 

It was previously shown (36) that P145 exhibited an associated tyrosine kinase 
activity, which can be demonstrated in an in vitro kinase assay. Proteins extracted 
from cells by nonionic detergent were immunoprecipitated with either P-Tyr antibod- 
ies or control rabbit immunoglobulins. When immunoprecipitates were exposed to 
(Y-~*P)ATP to assay the kinase activity, P145 became phosphorylated (Fig. 1C). In 
analogy with the known tyrosine kinases (7-8) and in view of the fact that P145 is 
virtually the only protein phosphorylated on tyrosine in the assay, it seems reasonable 
to propose that P14.5 phosphorylates itself on tyrosine (Fig. 1C). 

The band seen on Western blot represents the same protein that becomes 
autophosphorylated, because as described elsewhere (36), both proteins show an 
unusual shift in their electophoretic mobility when separated in SDS-PAGE under 
nonreducing conditions, i.e., in the absence of beta-mercapto-ethanol. This shift has 
never been observed when known tyrosine kinases were analyzed under the same 
conditions. It had been attributed to the presence of a light chain covalently linked to 
P145, as previously shown (36). In cells lacking P145 on Western blot, in vitro 
phosphorylation of proteins with similar M, was not observed (14, 17). 
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A B C 

Fig. 1. Tyrosine phosphorylation of P145 in vivo and in vitro. A, Western blot analysis of proteins 
solubilized from GTL-16 cells, probed with P-Tyr antibodies. B,C, Immunocomplex kinase assay of 
P145 precipitated by P-Tyr antibodies (C) or by preimmune rabbit immunoglobulins (B). 

Tyrosine Phosphorylation of P145 in Live Cells Is Sustained by an 
Autocrine Loop 

Because it has been shown that the constitutive phosphorylation of receptors 
could be sustained by factors produced by the cells themselves, experiments were 
designed to interfere with such a putative autocrine stimulation. GTL-16 tumor cells 
were treated with mild acid solutions (see Methods). A short acid treatment rapidly 
removes bound EGF or PDGF molecules from their receptors and switches off 
growth-factor induced tyrosine kinase activity. The effect is rapid and reversible (20). 

GTL-16 cells were incubated at pH 3.7 for different lengths of time. The extent 
of tyrosine phosphorylation of P145 was evaluated on Western blots probed with P- 
Tyr antibodies. Following acid treatment, dephosphorylation of P145 was almost 
complete with 5-15 min (Fig. 2). 

To rule out the possibility that the drop of intracellular pH could be directly 
responsible for the fall of the tyrosine kinase activity, mouse fibroblasts transformed 
by v-src were treated with acid for the same lengths of time: the activity of pp6OSrc 
was unaffected (Fig. 2). Thus, the acid treatment appears to interfere with events 
taking place at the cell surface, most likely the binding of an extracellular factor. 

Evidence suggesting the presence of a factor secreted by the gastric carcinoma 
cells themselves was obtained by studying the effect of conditioned medium. As 
discussed above and shown in Figure 3, the phosphorylation of P145 is abolished by 
treating cells with acid. P145 is rephosphorylated if the cells are allowed to recover 
in serum-free medium at 4°C for a minimum of 15 min (Fig. 3). The addition of 

52 : GFRG 



Tyrosine Kinase Activated by Autocrine Loop JCB:233 

A B C D E F  

rp145 
p 130, 

Fig. 2. Effects of mild acid treatment on P145 phosphorylation in intact cells. GTL-16 cells (D,E,F) 
or cells transformed by v-src (A,B,C) were treated by an isotonic acid solution pH 3.7 (see Methods) 
for 5 min (B,E) or 15 min (C,F). The tyrosine phosphorylation of P145 observed in untreated cells (D) 
is abolished by acid treatment (E,F). The treatment had no effect on the activity of pp60src (A,B,C). 
Intact cells were solubilized and protein phosphorylated on tyrosine were analyzed in Western blot with 
P-Tyr antibodies. In v-src transformed cells, the proteins phosphorylated on tyrosine other than pp6O"' 
have been described elsewhere (14). 

conditioned medium restores the tyrosine phosphorylation of P145 within 5 min at 
the same temperature. P145 phosphorylation was not restored either by treating the 
cells with the same acid solution neutralized to pH 7.00 or by treating them with 
nonconditioned medium in presence or absence of serum (data not shown). Similarly, 
media conditioned by a number of cell lines other than GTL-16 did not stimulate P145 
phosphorylation. These data suggest that the GTL-16 cells produce and secrete in the 
medium a factor responsible for stimulating the phosphorylation of P145. 

DISCUSSION 

The data reported in this paper show that in a gastric carcinoma cell line the 
tyrosine phosphorylation of a membrane protein of M, 145,000 is sustained by an 
extracellular factor produced by the cells themselves. 

P145 was previously identified as a glycoprotein exposed at the cell surface 
because it incorporated 3H-D-Glucosamine, was bound by lentil lectin, was labelled 
by radioactive Iodine under nonpermeating conditions, and was cleaved by mild 
trypsin treatment of intact cells (36). After immunoprecipitation with P-Try antibod- 
ies, P145 displayed a strong associated tyrosine kinase activity in vitro. In immuno- 
complex-kinase assays, P145 itself was by far the major detectable substrate. In 
analogy with the known tyrosine kinases, which almost invariably phosphorylate 
themselves, it was speculated that P145 itself could be tyrosine kinase. 

The transmembrane structure and the tyrosine kinase activity of P145 are 
features of growth-factor receptors. The possible identity of P145 and other known 
tyrosine kinase receptors (27-3 1) was disproved by data reported and discussed 
elsewhere (36). 
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Fig. 3. Stimulation of P145 tyrosine phosphorylation by conditioned medium. Intact cells were solubi- 
lized by Laemmli buffer and analyzed by Western blot using P-Tyr antibodies. A, GTL-16 cells grown 
in serum free medium for 3 days. B, The same cells treated by mild acid solution as described in the 
Methods section. C, Cells treated as in B and incubated with neutralized acid solution (see Methods 
section) for 5 min at 4°C. D, Cells treated as in B and incubated with physiological saline for 5 min at 
4°C. E, Cells treated as in B and stimulated with conditioned medium for 5 min at 4°C. F, Cells treated 
as in B and incubated in the neutralized acid solution for 10 min at 4°C. G, Cells treated as in B and 
incubated with physiological saline for 10 min at 4°C. H, Cells treated as in B and stimulated with 
conditioned medium for 10 min at 4°C. I, Recovery of cells as in B afler 20 min in neutralized acid 
solution at 4°C. 

The present study demonstrated that P145 is dephosphorylated when cells are 
exposed to a treatment known to dissociate ligands from their receptors and also that 
tyrosine phosphorylation of P145 is fully restored upon the addition of conditioned 
medium to the cells. This suggests that the kinase associated with P145 may be 
stimulated by binding a soluble factor secreted by the gastric carcinoma cells them- 
selves. However, the possibility that P145 could be transphosphorylated by a different 
kinase representing the actual receptor for the factor present in the medium cannot be 
ruled out. A similar transphosphorylation mechanism has been shown to operate in 
the case of erbB-2 phosphorylation by the EGF-receptor (32, 33). 

The existence of autocrine circuits of growth stimulation has been reported in 
physiologic as well as in pathologic conditions, including the autocrine loop triggered 
by IL-2 (34) in lymphocytes, by FGF (35) in gliomas, by PDGF (7), or by bombesin 
(2) in small-cell lung carcinomas. In some instances, autocrine activation of a recep- 
tor-associated tyrosine kinase also has been demonstrated (16, 18). Evidences for the 
existence in the cell line studied of one or more autocrine circuits include the 
following: (1) cell growth in the absence of serum; (2) the presence of a membrane 
protein (P145) with structural features common to growth-factor receptors; (3) loss 
of phosphorylation of P145 after acid wash, followed by spontaneous recovery in the 
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absence of serum; (4) stimulation of P145 phosphorylation by conditioned medium. 
Whether or not tyrosine kinase activity sustained by the autocrine loop(s) is relevant 
to the altered cell growth of the line remains to be investigated. 
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