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Tyrosine phosphorylation in the human
duodenum
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Abstract
Many growth factor receptors including
the epidermal growth factor receptor
function through tyrosine kinase activity.
The aim of this study was to examine the
constitutive level of tyrosine phosphory-
lation in the normal duodenum and in the
hyperproliferative coeliac duodenum. A
flow cytometric assay was devised using
monoclonal antibody to phosphorylated
(but not native) tyrosine residues to deter-
mine the levels of tyrosine phosphory-
lation in both CD3 positive intraepithelial
lymphocytes and CD3 negative epithelial
cells obtained by EDTA treatment of
endoscopically obtained duodenal biopsy
specimens. In addition, immunohisto-
chemistry was performed on 18 formalin
fixed coeliac duodenal biopsy specimens
and eight control specimens. Tyrosine
phosphorylation could be detected by flow
cytometry on duodenal enterocytes and
this expression was up regulated by pre-
treatment with epidermal growth factor.
Tyrosine phosphorylation decreased with
progression from the villus to the crypt,
however, and was virtually undetectable
on crypt enterocytes. Immunohisto-
chemistry of the coeliac duodenum
showed virtually absent tyrosine phos-
phorylation in the crypt. Increased tyro-
sine phosphorylation was detected in the
infiltrating T cells. In conclusion, tyrosine
phosphorylation in the duodenum is
confined to the non-proliferative villous
epithelium and is virtually undetectable in
the proliferative crypt compartment.
These findings suggest that tyrosine
kinase activity is not a significant factor in
the regulation ofcrypt cell proliferation in
the human duodenum either in normal
subjects or in coeliac disease patients.
(Gut 1995; 36: 34-38)
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A large range of polypeptides, including growth
factors such as epithelial growth factors, differ-
entiation factors, and hormones, mediate their
biological activity by binding to and activating
cell surface receptors with intrinsic tyrosine
kinase activity.1 2 Activation of these tyrosine
kinase enzymes is usually mediated by receptor
oligomerisation with subsequent conforma-
tional changes in the catalytic domain, which is
normally intracellular.3 The epidermal growth
factor receptor (EGFR) is a well characterised
receptor with intrinsic tyrosine kinase activity
and significant homology to the erb b onco-

gene.4 It has been reported that epidermal
growth factor (EGF) has a significant role in
growth promotion of epithelial cells in vitro. In
the rat, EGF, either directly or indirectly, is a
potent stimulator of intestinal epithelial cell
proliferation.5 6 It has also been shown that
EGF may have a proliferative effect in vivo in
the human neonatal intestine.7 It is notable,
however, that when EGF is given intra-
lumenally the results on epithelial proliferation
are variable.89 As one of the important sites of
release of EGF in the human intestine is
through central channels at the villous tip,'0
this might suggest that the effects of intra-
lumenal EGF in the human intestine are lim-
ited or are not related to proliferation.

Antibodies to phosphorylated tyrosine
residues now permit the assay of tyrosine kinase
activity within a cellular system. We have devel-
oped a system using monoclonal antibody
1G2"1 to phosphotyrosine residues to study the
constitutive values of tyrosine phosphorylation
and hence inferentially tyrosine kinase activity
in both epithelial cells and T cells by two colour
flow cytometry. This monoclonal antibody has
previously been used to identify surface and
cytoplasmic proteins phosphorylated on tyro-
sine in response to colony stimulating factor 112
and interleukin 2.13 Flow cytometric studies
have shown a linear correlation between values
of tyrosine phosphorylation on phosphoamino
analysis and results obtained by flow cytome-
try.14 We have used this technique to examine
levels of tyrosine phosphorylation in the human
duodenum. In addition, we took patients with
coeliac disease as a model for increased crypt
cell proliferation and performed immunohisto-
chemistry on duodenal biopsy specimens
obtained from both normal subjects and from
coeliac disease patients.

Methods

PATIENTS
Duodenal biopsy specimens were obtained
endoscopically from the second stage of the
duodenum from patients giving informed
consent. Patients were receiving endoscopy for
dyspeptic symptoms and were all found to
have a normal small intestine. Archival forma-
lin fixed material was used for the study of in
situ immunohistochemistry. Archival material
was obtained from 18 patients with coeliac
disease and six normal controls.

FLOW CYTOMETRIC ANALYSIS OF ENTEROCYTE
PHOSPHOTYROSINE ACTIVITY
Phosphotyrosine activity was measured by
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Figure 1: Tyrosine phosphorylation as measured byflow cytometry using
anti-phosphotyrosine antibody in epithelial cells isolated after one hour incubation with
EDTA/DTT. Histograms are gated on the CD3 negative population. The histogram on the
far left represents the isotype specific control. Shaded histogram represents epithelial cells
from a duodenal biopsy specimen preincubated in the absence ofEGF and thefar right
histogram represents epithelial cells incubated with EGF. This causes a shift to the right
indicative of tyrosine phosphorylation. Representative of three experiments.

indirect immunofluorescence and flow cyto-
metry. The epithelial layer of the intestine was
removed from the duodenal biopsy specimens
by methods previously described.15 Briefly,
specimens were incubated in 1 mM EDTA
and DTT in RPMI 1640 containing fetal calf
serum. The samples were incubated with anti-
CD3 antibody directly conjugated to phyco-
erythrin (Becton Dickinson) and subsequently
fixed with 2% paraformaldehyde. These cells
were then permeabilised using 0.05% saponin
in phosphate buffered saline (PBS).
Henceforth all incubations and washes were
carried out in 0.05% saponin/PBS.
Antiphosphotyrosine antibody (Oncogene
Sciences) or control antibody was then applied
and incubated for 30 minutes. After 30
minutes of incubation, samples were washed
and reincubated with a biotinylated affinity
purified second antibody for 10 minutes.
Samples were washed three times and then
incubated with streptavidin fluorescein con-
jugate (Serotec) for 10 minutes. After two
subsequent washes samples were then analysed
by flow cytometry. Two colour cytofluoro-
metric analysis was performed using the
Becton-Dickinson FACSCAN with Lysis 2
software. In some experiments, samples were
placed in 96 microtitre plates and incubated
for four hours in the presence of epidermal
growth factor 4 ng/ml.

minutes, and two hours in the presence of
EDTA/DTT with removal of the epithelial
layer at each time point. A separate sample
was treated identically and the biopsy speci-
men fragments fixed for routine histological
tests. Phosphotyrosine staining was carried
out as described above and samples read on
flow cytometry. In addition, we performed
staining for epithelial cell numbers using the
Ber Ep-4 monoclonal antibody (Dakopatts) to
confirm epithelial cell percentages at each of
the four time points.

PHOSPHOTYROSINE STAINING ON TISSUE
SECTIONS
Phosphotyrosine staining was performed
according to manufacturer's instructions
(Oncogene Sciences, Uniondale, New York).
Tissue sections were deparaffinised in decreas-
ing concentrations of xylene in ethanol before
incubation in 1% hydrogen peroxide to quench
endogenous peroxidase activity. They were
then incubated in saponin 0.05% followed by
washing in PBS followed by blocking in horse
serum (1/20) for 10 minutes. After washing,
sections were incubated in primary or isotype
control antibodies (Oncogene Sciences) in
PBS-bovine serum albumin (1%) for 60
minutes at room temperature after which they
were washed three times in PBS. Sections were
then incubated with biotinylated rabbit anti-
mouse secondary antibody for 30 minutes.
After washing with PBS sections were then
incubated with ABC complex (streptavadin-
horseradish peroxidase). Finally, sections were
washed extensively in distilled water and 1%
Triton-X 100 for 30 seconds before a final 15
minute incubation in diaminobenzidine solu-
tion before counterstaining with haematoxylin
and eosin.

Results

PHOSPHOTYROSINE EXPRESSION - EFFECT OF
EGF
As Figure 1 shows, tyrosine phosphorylation
was easily detectable in epithelial cells isolated
after one hour incubation with EDTA/DTT.
Furthermore, the epithelial growth factor
receptors on these cells are clearly functional in
that incubation of specimens for four hours in
the presence of EGF resulted in a significant
increase in phosphorylation as measured by
phophotyrosine antibody staining. These data
suggest that epithelial cells isolated after one
hour incubation with EDTA/DTT have a
constitutive level of tyrosine kinase activity and
furthermore that the EGF receptors on these
cells are functioning as tyrosine kinases in
increasing the amount of tyrosine phosphoryla-
tion in these cells.

PHOSPHOTYROSINE ANTIBODY STAINING AND

POSITION OF CELLS WITHIN CRYPTS

Specimens were incubated for sequential
periods for 30 minutes, 60 minutes, 90

PHOSPHOTYROSINE EXPRESSION WITH
PROGRESSION THROUGH THE CRYPT
Figure 2 shows parallel histograms of CD3
positive and CD3 negative cells taken at
various time points of EDTA/DTT incuba-
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Figure 2: Flow cytometry profiles ofphosphotyrosine expression in both CD3 niegative (A, C, E, G) and CD3 positive
B, D, F, H) cells isolated at 30 minutes, 30-60 minutes, 60-90 minutes, and 90-120 minutes. The open profile on the left
(A, C, E, G) represents results with an isotype specific control and the dark shaded region represents staining with
anti-phosphotyrosine antibody. Background isotype control staining in the CD3 positive population overlaps the specific
staining in D, F, H and is hence not visible. Profiles on the right illustrate the fact that sequential incubation results in
release of cells from deeper within the crypt. At 120 minutes only cells within the lower third of the crypt remain.

tion. The 30 minute incubation with
EDTA/DTT removes surface enterocytes only
from the villous tips. With longer incubations,
it can be seen that cells are being taken from
positions within the crypt at time points of 90
minutes and two hours. It is evident from Fig 2
(A, C, E, G) that tyrosine phosphorylation
decreases with progression down the duodenal
crypt. By contrast, tyrosine phosphorylation
was low to absent throughout the crypt in
intraepithelial lymphocytes (Fig 2B, D, F, H).
The percentage of Ber Ep-4 cells in the sus-
pension obtained at 30 minutes was 71%. This
did not show a significant decline with progres-
sion through the crypt as the percentage of

Ber Ep-4 cells obtained at the two hour time
point was 67%.

IMMUNOHISTOCHEMISTRY
We also studied the tyrosine phosphorylation
in patients with coeliac disease. In this condi-
tion there is an increase in epithelial prolifera-
tion in the duodenal crypts particularly in the
middle third. We studied duodenal biopsy
specimens obtained from both normal and
coeliac disease patients by immunohistochem-
istry for phosphotyrosine activity. In normal
subjects tyrosine phosphorylation is maximal
on the villi with very little tyrosine phosphory-
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Figure 3: Immunohistochemistry ofphosphotyrosine staining on normal (A, B) and coeliac disease duodenum (C, D) with
magnification of200 (A, C) and 400 (B, D). Positive staining is brown. The normal duodenum has evidence of
phosphotyrosine staining on the viUi but staining is reduced with progression into the crypts. In the coeliac duodenum
phosphotyrosine expression is minimal on both surface and crypt even within the hyperproliferative middle third of the crypt.
Note however, phosphotyrosine expression in both lamina propria and intraepithelial lymphocytes in the coeliac duodenum.

lation evident in the duodenal crypt (Fig 3A,
B). In the coeliac disease patients, there is min-
imal tyrosine phosphorylation detected either
on the surface epithelium or in the crypts (Fig
3C, D). In some patients, tyrosine phosphory-
lation was evident on the surface epithelium.
There is, however, clearly little or no tyrosine
phosphorylation present in the coeliac crypt.
By contrast it is clear that the lymphocytes
within the coeliac crypt express significant
levels of phosphorylated tyrosine suggesting
that these activated lymphocytes are using
tyrosine kinases in their pathways of activation.

Discussion
In this study we have developed a novel two
colour flow cytometric method for the assay of
tyrosine phosphorylation in endoscopically
obtained duodenal epithelial cells. This assay
has shown that tyrosine phosphorylation is
present in epithelial cells from the villi and that
this is functionally regulated by EGF. It has
been recognised for many years, however, that
the site of proliferation in the human duo-
denum is the middle third of the crypt.'6 The
percentage of cells in S phase in the middle
third of the crypt ranges from 12% in normal
subjects to 21% in coeliac disease patients.17
Virtually all crypt epithelial cells express prolif-
erating cell nuclear antigen (unpublished
data). Our data clearly show, using flow
cytometry and immunohistochemistry, that
levels of tyrosine phosphorylation are
extremely low in crypt epithelial cells.
Significantly, while levels of phosphorylation
were high in the lamina propria lymphocytes of
coeliac disease patients, crypt epithelial cell
tyrosine kinase activity was virtually absent. In

fact, the main cells staining for tyrosine phos-
phorylation in coeliac disease are the infiltrat-
ing intraepithelial lymphocytes. These data
cast doubt on the thesis that EGF is the
dominant growth factor for human duodenal
crypt proliferation. These data are consistent,
however, with previous findings that EGF may
be secreted by a novel lineage induced by
ulceration, which discharges at the villous tip'0
and with the finding that transforming growth
factor alpha, which shares the same receptor as
EGF is distributed mainly on villous cells.'8
These data suggest that the biological effects of
these agents are located mainly in the non-
proliferative villous epithelium and further
suggest that tyrosine phosphatases, which
cleave phosphate groups from tyrosine
residues'9 20 may be of critical importance in
the regulation of crypt proliferation. Recently,
a number of protein tyrosine phosphatases
have been characterised and found to be of
importance in the regulation of proliferation.
Probably the best known of these is the CD45
molecule, which is expressed on lymphocytes.
Deletion of the cytoplasmic domain in CD45,
which has intrinsic tyrosine phosphatase
activity results in the inability of T lympho-
cytes to proliferate in response to signals.2'
The CD45 tyrosine phosphatase seems to be
required for the coupling of T cell antigen
receptor signals to the phosphoinositol second
messenger signal and paradoxically may also
participate in the rapid increase in tyrosine
phosphorylation induced by activation of the
T cell receptor.22 23 In addition, another well
characterised tyrosine phosphatase, LAR, is
diffusely expressed on epithelial tissue24 and
could be a candidate tyrosine phosphatase for
participation in epithelial cell proliferation.
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Phosphorylation and dephosphorylation may
be of equal importance in the induction of a
proliferative response and it is possible that a
steady state may be maintained with ongoing
tyrosine phosphorylation mediated for
example by EGF, which is being cleaved at an
extremely rapid rate by excessive tyrosine
phosphatases. It is currently unclear how many
tyrosine phosphatases exist. Polymerase chain
reaction based cloning methods have, how-
ever, permitted the detection of large numbers
of tyrosine phosphatases in, for example,
haematopoetic cells.25

Crypt proliferation is necessary for the main-
tenance of normal intestinal structure. The
factors that regulate crypt proliferation in the
normal subject are currently poorly under-
stood. The novel lineage that results, however,
in the secretion ofEGF on the epithelial villous
structure seems to be induced by mucosal
ulceration.10 Increased crypt proliferation
occurs in coeliac disease where it precedes flat
mucosa.26 This increase in crypt proliferation
is probably mediated by lymphocyte derived
factors27 including potentially granulocyte
macrophage-colony stimulating factor28 rather
than EGF. Significantly, activated comple-
ment has been detected in Brunner's glands in
coeliac disease suggesting possible dysfunction
of this alternative source of EGF.29

In conclusion, we have shown that tyrosine
phosphorylation in the human duodenum is at
its lowest level at the site of maximal cellular
proliferation. EGF does induce tyrosine phos-
phorylation detectable by flow cytometry in
cultured human epithelial cells. These findings
strongly suggest that epidermal growth factor
is not the dominant factor for epithelial cell
proliferation in the adult human duodenum.
Secondly, if tyrosine kinases participate in the
regulation of epithelial proliferation, then there
must be a steady state situation in which there
is a dominant effect of tyrosine phosphatases in
the dephosphorylation of tyrosine residues on
growth factor receptors in the intestine. None
the less, we cannot exclude the possibility that
EGF is a growth factor in neonatal develop-
ment7 or after injury or ulceration.'0 30 Finally,
the development of a flow cytometric system
for the study or tyrosine phosphorylation in
endoscopically obtained duodenal epithelial
cells could permit future studies on factors act-
ing through tyrosine kinases ofphosphatases in
this otherwise comparatively inaccessible tissue
site.
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