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Protein synthesis by cultured jejunal mucosa from
control subjects and patients with coeliac disease
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SUMMARY Jejunal biopsies from patients with coeliac disease and from controls were cultured
in vitro for 24 hours with '4C-labelled leucine. The net rate of protein synthesis was found to be
linear over 24 hours for mucosa from control subjects and patients with coeliac disease. Protein
synthesis by mucosa from untreated coeliac patients was significantly greater than by control
mucosa. Protein synthesis by treated gluten-sensitive coeliac mucosa was significantly less than
that by untreated coeliac mucosa and did not differ from control mucosa. Protein synthesis by
treated non-responsive coeliac mucosa was significantly less than untreated coeliac mucosa but
greater than control mucosa. The differences in protein synthesis could not be accounted for by
differences in the size of the enterocyte leucine pool. Analytical subcellular fractionation of
cultured jejunal mucosa showed that most of the protein synthesised in vitro was found in the
cytosol and endoplasmic reticulum-brush border fractions of the enterocyte.

In coeliac disease the enterocytes show marked
structural abnormalities on both light and electron
microscopy.' Little is known, however, of entero-
cyte function in coeliac mucosa and we have
therefore developed a reliable in vitro organ cul-
ture technique for small intestine2 in order to
investigate functional abnormalities in intestinal
mucosa from patients with coeliac disease. Protein
synthesis was measured in mucosa from control
subjects and patients with coeliac disease both
before and after treatment by gluten withdrawal
in order to define the cytopathology of the disease
and to investigate further enterocyte function in
patients unresponsive to treatment with a gluten-
free diet.

Methods

PATI ENTS
Four groups of patients were studied; patients with
untreated coeliac disease (12), patients with
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treated gluten-sensitive coeliac disease (13), and
patients unresponsive to treatment with a gluten
free diet (7).3 4 The clinical details of the patients
with malabsorption and a flat mucosa unresponsive
to a gluten free diet have been described in detail
elsewhere.5 At the time of study, the patients had
been on a strict gluten free diet for up to five years
and were not receiving zinc supplements or on
corticosteroid treatment. Patients undergoing in-
vestigation for suspected gastrointestinal disorders,
whose jejunal morphology was normal, served as
controls (11).

Seven patients with untreated coeliac disease
were studied before and after successful treatment
by gluten-withdrawal. Jejunal biopsies were ob-
tained with a Watson-Crosby capsule 10 cm distal
to the ligament of Treitz. The biopsies were
divided into pieces for routine histology and
in vitro organ culture. Portions of the biopsies
were cultured in vitro for 24 hours by the method
described previously.2 Net protein synthesis was
measured by culturing mucosa with 2 ,uCi U [14C]-
leucine (50 ,lCi/mg, The Radiochemical Centre,
Amersham) added to the culture medium. At the
end of the culture period the tissue was homo-
genised and protein precipitated from the tissue
homogenate and culture medium with 10% w/v
trichloracetic acid and washed with ethanol and
with methanol: chloroform (1: 1, v/v), dried and
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counted in a Beckman LS250 scintillation counter
in toluene containing 5 g/l PPO and 0.4 g/l
dimethyl POPOP. The filters were washed with
10 mmol/l leucine before use. DNA was measured
in tissue and medium by the method of Le Pecq
and Paoletti'; with calf thymus DNA as standard.

Leucine content of the enterocytes was measured
by automatic amino acid analysis. Jejunal mucosa

was homogenised in 1 ml distilled water and an
aliquot taken for DNA assay. The homogenate
was centrifuged at 100000 g for one hour in an

8X10 ml angle head rotor. As a tracer, 1 ,ul 1C-
leucine (50 ,uCi/mg) was added to the supernatant,
which was loaded onto a Biogel P2 column (25 cm
Xl cm), equilibrated with 0.1 mol/l acetic acid.
Fractions containing radiolabel were pooled, lyo-
philised, and assayed for leucine content.

Analytical su!bcellular fractionation of jejunal
biopsies was carried out, before and after culture,
as described previously. 7 The experiments des-
cribed in this paper had been approved by the local
ethical committee. Statistical analysis of results
was carried out with the Wilcoxon rank sum test.

Results

In vitro incorporation of 14C-leucine into TCA-
precipitable protein was found to be linear during
24 hour culture both for normal and untreated
coeliac mucosa (Fig. 1). Protein synthesis (Fig. 2)
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Fig. 2 Incorporation of 14C-leucine into protein by
intestinal mucosa from four patient groups after
24 hour culture. Results show mean+SE.

by untreated coeliac mucosa, 4480 cpm/,ug DNA/
24 h (95% confidence limits 3270-6270) was
significantly greater than by normal mucosa
1500 cpm/,ug DNA/24 h (95% confidence limits
1000-2700, P<O001). After successful treatment,
protein synthesis by regenerated coeliac mucosa
(2210-2570 cpm/yg DNA/24 h) was less than by
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Fig. 1 Incorporation of 14C-leucine into protein by untreated coeliac and normal mucosa
during 24 hour culture. Results show mean-'SE.
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untreated coeliac mucosa (P<0'01) and not sig-
nificantly different from normal mucosa. In con-
trast, protein synthesis 'by non-responsive coeliac
mucosa, 2570 cpm/,ug DNA/24 h (95% confidence
limits 1990-3450) was significantly greater than
normal mucosa (P<0'05).

Figure 3 shows sequential measurements of pro-
tein synthesis in seven patients before and after
successful treatment by gluten withdrawal. All
patients showed a decrease in protein synthetic
activity: mean synthetic rate before and after
treatment 4970 and 2130 cpm/,ug DNA/24 h, re-
spectively. Tissue: medium ratio of labelled pro-
tein after 24 hour culture was, for normal mucosa
6.5-+=1'6 (mean+L1, SD), for untreated coeliac
mucosa 6.2-+i1'6, and for treated gluten-sensitive
coeliac mucosa 6.0:+±2.2: these differences are not
significant.

In six patients, the leucine content of the
jejunal biopsies was measured and values obtained
were: normal mucosa 0.228 nmol leucine/,ug DNA

(three patients), treated responsive coeliac mucos
0'346 nmol leucine/,ug DNA (one patient), un-
treated coeliac mucosa 0'374 nmol leucine/,ug
DNA (two patients).

Analytical subcellular fractionation (Fig. 4) of
control mucosa cultured in the presence of 14C-
leucine shows most of the labelled protein in the
soluble fractions with an additional peak at modal
density 1.16. Similar studies (not shown) with
cultured treated gluten-sensitive coeliac mucosa
and treated non-responsive coeliac mucosa also
showed a similar sucrose gradient distribution of
radio-labelled protein. The peak at density 1 16
corresponds to the endoplasmic reticulum (alkaline
a-glucosidase) and brush border (alkaline phos-
phatase) marker enzymes.
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Fig. 3 In vitro protein synthesis, before, and after
successful treatment by gluten withdrawal, by
intestinal mucosa from seven patients with coeliac
disease. Patient's initials and jejunal morphology
before and after treatment: Pva=partial villous
atrophy. *JD flat: pva. *JM flat: pva. A BT flat:
pla. 0 VC flat: pva. 0 AB flat: pva. [] DT flat: pva
AMC pva: normal.

Fig. 4 Isopycnic centrifugation of post-nuclear
supernatant from normal and untreated coeliac jejunal
biopsies after 24 hour culture with 14C-leucine.
Graphs show frequency-density histograms for

- marker enzymes and TCA-precipitable labelled
12 proteins. Results show mean+±SD distributions.

Recoveries range from 87 to 104%.

Discussion

These data show that, during 24 hour culture, pro-
tein synthesis by mucosa from both control sub-
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jects and patients with coeliac disease is linear
with respect to time. Most of this net protein
synthesis takes place in the enterocyte, as has been
shown by autoradiographic studies of cultured
mucosa where the enterocytes are seen to be
densely labelled, while the cells of the lamina pro-
pria contain little label.2 Similar results were ob-
tained by Hauri and colleagues8 who used a
different organ culture technique. Untreated
coeliac mucosa shows a greater rate of protein
synthesis than control mucosa and this may reflect
the immaturity of the enterocytes lining the vil-
lous. This increase in total protein synthesis con-
trasts with the decrease in alkaline phosphatase
synthesis shown by untreated coeliac mucosa in
culture.9
Treated gluten-sensitive coeliac mucosa shows

a protein synthetic rate which is less than un-
treated coeliac mucosa and not significantly dif-
ferent from control mucosa; this presumably re-
flects the greater maturity of the enterocytes lining
the regenerated villi. The sequential studies in
seven patients confirm the fall in the rate of pro-
tein synthesis which occurs when gluten with-
drawal results in villous regeneration. Coeliac
mucosa, unresponsive to treatment with a gluten
free diet, shows a protein synthetic rate greater
than normal mucosa but less than untreated
coeliac mucosa. In coeliac disease, unresponsive to
treatment with a gluten free diet, the jejunal mor-
phology shows subtotal villous atrophy, and, while
there is much discussion concerning the nature of
this disorder, it does appear to be a distinct entity.
The marked differences in protein synthesis be-
tween the untreated coeliac and unresponsive
coeliac groups of patients, both with subtotal
villous atrophy, is additional evidence supporting
this classification.
The tissue: medium ratio of labelled protein

after culture period (range 60-6.5) is in keeping
with the findings of Hauri and colleaguess who
also demonstrated an increase in labelled protein
in the culture medium. This protein may be
secreted by the. enterocyte'0 into the culture
medium, as well as deriving from epithelial cells
which have been shed into the medium. In ad-
dition, newly synthesised immunoglobulins are also
found in the medium.1'

It is unlikely that the increase in incorporation
of 14C-leucine into protein shown by untreated
coeliac mucosa is a reflection of a decreased
enterocyte leucine pool. In fact, amino acid
analysis shows that the free leucine in the un-
treated coeliac mucosa is slightly higher than
control mucosa. Similarly, the fall in protein syn-

thesis by treated gluten-sensitive mucosa cannot
be accounted for by differences in leucine pools.
From the data obtained on analytical su'bcel-

lular fractionation, it appears that the protein syn-
thesised in vitro is present mainly in the soluble
part of the cytoplasm and, to a lesser extent,
attached to the endoplasmic reticulum and brush
border of the cultured enterocyte. The proportions
are similar in all patient groups. In individual
experiments it is possible to distinguish between
endoplasmic reticulum and brush border com-
ponents: labelled protein appears to be mainly
associated with the endoplasmic reticulum. It is
therefore of interest that autoradiographic studies
show'that the brush border is quite heavily labelled
after culture with 14C-leucine2 and the explanation
for this paradox is uncertain. It may reflect de-
tachment of adsorbed soluble proteins from the
brush border by the subcellular fractionation
procedure.

We are grateful to Dr M Szelke for the leucine
estimations, to Mr Peter White for expert tech-
nical assistance, and to Ms Rosamund Greensted
for typing the manuscript.
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