Volume 301, number 2, 202-206 FEBS 1094]
© 1992 Federation of European Biochemical Societies 00145793/92/85.00

April 1992

The expression of lactase enzymatic activity and mRNA in human fetal
jejunum

Effect of organ culture and of treatment with hydrocortisone

Marco Villa*, Daniel Ménard®, Giorgio Semenza* and Ned Mantei®

*Department of Biochemistry, Swiss Federal Institute of Technology, ETH Zentrum, CH-8092 Zitvich, Switzerland and “Groupe de
Recherche en Biologie du Développement, Département d'Anatomie ot de Biologie Cellulaire, Faculté de Médecine, Université de
Sherbrooke, Sherbrooke, Qué. JIH SN4, Canadu

Received 27 February 1992

Very sensitive procedures were developed for the parullel delermination of intestinal lactase (LPH) activity and the cognate mRNA. Between 14
and 20 weeks of gestation, lactase activity is low and varics only slightly; at 37 weeks, a relatively high level of activity is observed. The amounts
of LPH mRNA correlates with the enzymatic activity (r = 0.64). Culture of fetal jejunal explants for 5 days induces by itseif a 2-fold increase in
LPH mRNA, without any significant chunge in luctase enzymatic activity. This increase may reflect the loss of u negative transcriptional regulation
operative in vivo, and suggests an additional post-trunscriptional regulatory component. The addilion of hydrocortisone (50 ng/ml) during culture
induces a doubling of lactuse activity without variation in LHP mRNA, indicating a post-transcriptional modulation by hydrocortisone, The
intestinal lysosomal ucid S-galuclosidase activity was shown to be unaflected by hydrocortisone treatment. This observation clearly illustrates that
the two intestinal B-galactosidases are regulated difTerently, Our results suggests 4 complex developmental regulation of human inestinal lactase
and (hat the perinatal increase in lactase activity could be modulated at a post-transcriptional level by hydrocortisone.

Lactuse-phlorizin hydrolase; Intestine; Gene regulation; Development: Transcription

. INTRODUCTION

Lactase-phlorizin hydrolase (LPH) (EC 3.2.1.23- 62)
is a major integral glycoprotein of the small in-
testinal brush border membrane of most mammals, in-
cluding man, The complete primary structure of
human, rabbit, and rat pre-pro-LPH. and hence of
brush border LPH, has been elucidated via cDNA clon-
ing [1,2]. The structure of the human chromosomal gene
[3] and its chromosomal location {4] has also been re-
ported. The LPH enzymatic complex consists of a single
type of polypeptide chain carrying two separate cata-
Iytic sites, one splitting lactose (the ‘lactase’ proper) and
the other splitting aryl- and alkyl-g-glycosides such as
phlorizin and B-glycosylceramides (‘phlorizin hydro-
lase”) (for reviews see [5,6]). The ontogenetic profile of
intestinal lactase is now well documented in mammals
such as rat [7] and rabbit [8,9]. LPH activity is detecta-
ble in late fetal life, attains maximal activity during the
first 2 weeks after birth, and then declines 3-20-fold,
reaching adult levels after about 4 weeks. In human,
LPH activity is already present at 10 weeks of gestation.
However, contrary to the other disaccharidases, lactase
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remains very low until the last 4-6 weeks of gestation.
At this time lactase activity increases markedly, leading
to levels at term which are 2-4 times higher than those
found in wormal infants 2-11 months of age [10]. Al-
though a number of studies have explored the complex
biosynthesis and regulation of intestinal LPH
[5,6,11,12], especially the mechanism(s) involved in the
ontogeny of human LPH remain incompletely under-
stood.

The fact that in the human fetus the serum level of
hydrocortisone doubles during the last 4-6 weeks of
gestation has often been interpreted as an indication of
a possible specific modulatory influence of glucocorti-
coid hormones on human fetal intestine, specially in
relation to the perinatal increase of lactase activity
[10,13]. The addition of hydrocortisone to cultured
human fetal jejunum (12-14 wecks of gestation), at a
concentration comparable to that found in vivo at 35-
40 weeks of gestation, leads selectively to an increase in
lactase activity [14]. These data represent the first
experimental evidence directly implicating glucocorti-
coid hormones in the regulation of human lactase ex-
pression.

In many humean populations, lactase activity de-
creases during chiidhood leading to adult-type hypolac-
tasia, the mosi frequent genetically based syndrome in
man (for review see [15]). Hypolactasic subjects can
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code for LPH identical to that of subjects with persis-
tence of lactase [3]. Measurements of the rate of LPH
biosynthesis in organ culture of intestinal biopsies sug-
gests there are at least two phenotypes, one in which
very little pro-LPH is produced and one in which slow
processing of the precursor is the only defect [16,17).
Subjects with the low levels of pro-LPH have been
found to produce very little LPH mRNA [18], and a
single subject with the slow processing phenotype had
a reduced amount of messenger. In another study, how-
ever, no clear difference was found at the mRNA level
between adults with hypolactasia and those with persist-
ent high-lactase activity, therefore suggesting a post-
transeriptional control of lactase expression [9].

Taking advantage of the availability of human lactase
c¢DNA and the possibility of culturing human fetal
small intestine in serum-free medium in the presence of
hormones [14,19], we investigated the mechanism(s)
controlling lactase gene expression in man. In the pres-
ent work we have applied very sensitive procedures for
the precise determination of lactase enzymatic activity
and the cognate mRNA levels between 14 and 37 weeks
of gestation. We have also investigated and correlated
the mRNA levels with those of lactase enzymatic activ-
ity in cultured fetal jejunum with and without hydrocor-
tisone in order to take the first step towards elucidating
at what level the primary control of lactase gene expres-
sion is established.

2. MATERIALS AND METHODS
2.

L. Tissues and organ culture

Tissues from 10 fetuses varying from 14 to 20 weeks in age (posl-
fertilization) were obtained after legal abortions, Studies were ap-
proved by appropriate Institutional Human Subjects Review Commit-
tee. One specimen from a | day-old baby born after 37 wecks of
gestation was kindly provided by Prof. Stauffer, Kinderspital, Zurich.

The small intestine was cleansed of mesentery, split longitudinally,
washed in culture medium and cut inlo explants (3 x 7 mm). The
jejunal explants were cultured in serum-fTee Leibovitz L-15 medium
according to the technique described earlier [19]. After a 3-h period
of stabilization for the explants, hydrocortisone (Collaborative Re-
search Inc., MA, USA) was added to the culture medium at a concen-
tration of 50 ng/mi, which has been shown to be the most eflective in
stimulating lactase activity [14). Jejunal explants were cultured for 5
days, and the culture medium was renewed afler day 1 and then every
2 days. Then, tissues and media were frozen in liquid nitrogen until
further processing.

2.2, Assay of enzyme activitles

The method developed in this work for the precise determination
of low LPH activities in crude homogenates is essentially a modifica-
tion of the procedure first described by Asp and Dahlqgvist [20].
Briefly, lactose is used as substrate, and the only other intestinal
(enterocytic) activily known to cleave it at an appreciable rate, lyso-
somal (acid) beta galactosidase, is detected with the specific substrate
2-naphthyl-f-galactoside. The correcied enzymatic activity is then cal-
culated with the aid of the following formula:

LPH (at pH 6) = total lactase (pH 6) —~ 0.22 x (naphthyl-3-galactosi-
dase, pH 4.5)

FEBS LETTERS

April 1992

The samples to be analyzed were homogenised (40 s, half maximal
speed, with a Polytron mixer, (Brinkmann Instruments Inc., West-
bury, NY) at about 20 mg tissue per mlin ice-cold saline (0.9% sodium
chloride). Rough protein estimates were first oblained by the method
of Bradford [21] using bovin serum albumin (BSA) as standard; the
homogenates were then diluted to about 1 mg protein per ml with
ice-cold saline and immediately used for the enzymatic asays and for
more accurate protein determination by the method of Lowry et al.
{22} as modified by Peterson et al. [23], using BSA (0~20 ug) as refer-
ence. Enzymatic activities {(see below) and prolein concentration deter-
minations were both performed in triplicate.

The procedure described below for the total lactase determination
represents the spectrophotometric equivalent of the fluorimetric lac-
tase detection assay developed by Dahlqvist and Asp [24]. Crude
homogenates were employed for the assay, Heal-inactivated (2 min at
95°C) aliquots were used as sample blanks; calibration references (5
nmol galactose) as well as absolute blanks (water) were incubated and
treated in the same way as the normal samples. 20 x4l homogenate {or
blank or standard) was added to 20 !l laclose solution (56 mM in 0.1
M sodium maleate pH 6.0) and incubated for 60 min at 37°C; the
reaction was then terminated by heat inactivation (2 min at 95°C). The
galaclose delection was performed by the addition of 5 ul NAD solu-
tion (10 mg/m} in water), 30 &l 1 M " ris, pH 8.6, and 2 4l Pseudomonas
Sluorescens galactose dehydregenase suspension (Bochringer, 25 U/
ml). The reaction mixture was incubated ai room temperature for
30-40 min and then centrifuged for § min at 10,000 x g; 60 il super-
natant was finally measured at 340 nm against the absolute blank in
a spectrophotometer equipped with a 100 gl microcuvette,

The procedure described here for the determination of the acid-§-
galactosidase activity is the spectrophotometrical adapiation of the
fluorimetric method described by Asp and Dahlqgvist [25]. Crude ho-
mogenates were also used for the assay, Sample blanks were oblained
by separale incubation of the samples in the absence of the substrale;
calibration standards (4 nmo! 2-naphtol) and absolute blanks (water)
were incubated and treated as the normal samples. 20 #l homogenate
(or standard or nothing) was added to a freshly prepared mixture of
20 1 100 mM sodium citrate, pH 4.5, and 5 x| 2-naphthyl-f-galacto-
side (10 mM in methanol, Aldrich) and incubaied for 60 min at 37°C,
the reaction was then blocked by the addition of 26 41 2 M glycine,
pH 12, Separately incubated homogenaies (without substrate) were
added at this point Lo the appropriate tubes. After centrifugation (15
min at 10,000 x g) about 60 gl supernatant was finally read at 345 nm
against the absolute blank in a spectrophotometer equipped witha 100
4l microcuvette,

2.3. RNA analysis

Total RNA was purified by the urea-lithium chloride method {26]
and assayed by an S;-mapping procedure as described (9], In most
cases it was possible to perform two independent asxays wiinh 1 and
3 ug total RNA.

3. RESULTS

Lactase activity and the levels of lactase mRNA are
given in Fig. 1 as a function of the gestational age.
Lactase activity, as well as lactase mRNA, are present
at 14 weeks of gestation and their levels do not signifi-
cantly vary up to 20 weeks of gestation. However, much
higher values are found at 37 weeks of gestation. The
developmental profile of lactase activily corresponds to
that reported by others [10]. The correlation coefficients
between the two parameters is relatively good (r = 0.64).

In Fig. 2, jejunal lactase activity (A) and LPH mRNA
levels (B) are depicted after 5 days of culture in unsup-
plemented and hydrocortisone-supplemented medium.
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Fig. 1. Levels of luctase activity (@) and of LPH mRNA (0) in devel-

oping human jejunum as a function of gestational age in weeks, The
correlution coelficient between the two variables is r = 0,64,

In control cultures there was no significant variation in
lactase activity, whereas a doubling of LPH mRNA
level was recorded. The addition of 50 ng/ml hydrocor-
tisone to the culture medium induced a significant in-
crease in lactase activity (2.1-fold) without further in-
creasing the LPH mRNA. Table [ summarizes the sta-
tistical analysis. In order to assess whether the increased
tissue lactase acitivity could have been associated with
a modification of the normal release of brush border
enzymatic activities during culture [12], lactase activily
was determined in the various culture media after 5
days. No significant variation was observed between the
control and hydrocortisone-supplemented cultures
(data not shown).

Finally, the developmental pattern of the acid-8-ga-
lactosidase activity and the effect of hydrocortisone on
this enzymatic activity in organ culture was simultane-
ously studied (Fig. 3). Acid-#-galactosidase activity was
present at 14 weeks of gestation and remained low up
to 20 weeks, Higher enzymatic activity was noted at 36
weeks (Fig. 3A). During organ culture, the enzymatic
activity was maintained or slightly decreased after 5
days and no significant effect of hydrocortisone was
observed on acid-#-galactosidase activity (Fig. 3B),
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Table |

Statisticai analysis of the effects of organ culture ulone or with hydro-
corlisone on levels of lactase enzymatic uctivity and LPH mRNA

Condition | Condition 2 P value*, Condition 2 vs, |
[fold effect]

Lactase LPH mRNA

No orgun culture organ cullure 0.455 0,002 [1.9 x]

No organ culture organ culture + HC 0.023 [2,1 x] 0.004 [2.3 x]
Orgiin culture organ culture + HC 0.007 [1.8 x] 0,198

Fetal jejunum was unalyzed without treatment or after 5 days of organ

culture with or without 50 ng/mi hydrocortisone (HC). *Conditions

1 and 2 were compared in a puired, iwo-tailed Student's s-test with »

= 10. In cuses where the two condilions differed significantly, the

magnitude of the clfect is shown in square brackets (condition 2 results
divided by condilion 1 result).

4. DISCUSSION

Our observations have some implications for the reg-
ulation of lactase expression during the development of
the human inzestine.

The relatively high level of lactase activity seen at 37
weeks of gestation compared to 14-20 weeks is accom-
panied by a correspondingly high level of LPH mRNA
(Fig. 1), suggesting that the developmental regulation of
lactase during the fetal period is, at least in part, at the
level of mRNA accumulation. This conclusion is sup-
ported by the fact that even within the period of 14 to
20 weeks. wherein activily varies only a little, the enzy-
maltic activity and the LPH mRNA levels are correlated
(» = 0.64). However, culturing of explanted human fetal
jejunum for 5 days induced by itself a 2-fold increase in
LPH mRNA without any significant change in lactase
enzymaiic activity (Fig. 2). The increase in mRNA may
reflect the loss in organ culture of a negative transcrip-
tional regulation operating in vivo. The fact that the
enzymatic activity did not increase in parallel implies an
additional translational or post-translational regulatory
component.

We also examined the effect of hydrocortisone on

LPH mRNA
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Fig. 2. Effect of hydrocortisone on the level of laclase activity and LPH mRNA during organ culture, *Significant (£<0.035) variation between the
explants cultured for 5 days compared to control values without culture. **Significant variation between the hiydrocortisone-supplemented cultures
(line HC) and the 5-duy control cultures (line C).
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Fig. 3. (A) Acid-B-gulactosidase activity in developing humaun jejunum as & function of gestational age in weeks. (B) Effect of organ culiuse alone
(line C) or in the presence of hydrocortisone (line HC) on the level of acid-f-galactosiduse. In all cases the measured activities have been corrected
to pH 6 to ullow direct comparison with the lactase activities (see Materials and Methods),

lactase expression. In the presence of 50 ng/m) hydro-
cortisone during 5 days of organ culture, lactase activity
doubled, in agreement with previous results [14]. How-
ever, this increase was not accompanied by an increase
of LPH mRNA beyond that seen during culture without
hormone (Fig. 2). These results suggest that hydrocorti-
sone modulates lactase expression at a step beyond
mRNA accumulation, possibly post-translationally. In:
this connection, it is noteworthy that no consensus
binding site for glucocorticoid hormone receptor was
found upstream of the human LPH gene, at least within
the 1 kb segment sequenced [3]. However, the existence
of a binding site elsewhere in the gene, e.g. in an intron,
remains a possibility. Recently, it has been reported that
the thyroxine-induced precocious decline in lactase ac-
tivity in suckling rats was not correlated with any mod-
ification of the mRNA levels, and the authors suggested
a post-transcriptional regulation of lactase expression
by thyroxine in this animal model [27]. This modulation
of lactase expression contrasts with that of another well-
known brush border enzyme, namely sucrase-isomal-
tase. Indeed, dexamethasone (a synthetic glucocorti-
coid) elicited parallel increases in the levels of sucrase
activity and of sucrase-isomaltase mRNA in suckling
rabbits which would be, therefore, consistent with a
purely transcriptional control [28].

In parallel, we have studied the developmental profile
and the effect of hydrocortisone on the intestinal acid-
J-galactosidase, a lysosomal enzyme also able to hydro-
lyze lactose. The recorded profile illustrated in Fig. 3 is
in agreement with that reported for many lysosomal
enzymes, including acid-f-galactosidase, in developing
human fetal jejunum [29]. Few data are available re-
garding the modulators involved in the development of
acid-f-galactosidase activity in rats {30] and none for
human. Acid-f-galactosidase activity was found to have
decreased after cortisone treatment in suckling rats [30].
In the present investigation, hydrocortisone did ot af-
fect the activity of acid-f-galactosidase, while lactase

(nieutral-B-galactosidase) activity was stimulated. The
result clearly illustrates that the two intestinal S-galacto-
sidases are regulated diffrently in developing human
jejunum.

The present observations, especially the dissociation
of LPH mRNA levels and LPH enzymatic activity in
organ culture, could therefore lead to the following sug-
gestion for the interpretation of human LPH develop-
ment: between 14-20 weeks of gestalion there is a nega-
tive t:anscriptional regulation, possibly mediated by a
factor which is either not present or is inactivated dur-
ing culture. This factor declines during the course of
gestation, leading to the accumulation of LPH messen-
gers as observed at 37 weeks of gestation. Between 35
and 40 weeks of pestation the doubling of the fetal
serum hydrocortisone levels modulates LPH activity ex-
pression at a post-transcriptional level. A post-tran-
scriptional control of lactase expression is likely to be
a regulatory mechanism for adult life [9).
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