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To study the relative expression of lactase, sucrase- 
isomaltase, dipeptidyl peptidase IV, and the Na+-  
dependent glucose transporter mRNA transcripts in small 
samples of human tissue, we have developed and validated 
a very simple semiquantitative RNA polymerase chain 
reaction method that can be used on as little as 5-10 mg of 
tissue. Here we report the use of this method to study the 
expression of these genes at different stages of develop- 
ment, in different tissues and in different parts of the 
intestine, in comparison with another intestinal marker, the 
colon-specific transcript of carbonic anhydrase 1. Lactase, 
sucrase-isomaltase, and the Na+-dependent glucose trans- 
porter mRNA are expressed predominantly in the small 
intestine, although lactase mRNA is expressed at a very 
low level in fetuses. Dipeptidyl peptidase IV mRNA shows 
a much wider tissue distribution. Sucrase-isomaltase and 

The brush-border membrane of mammalian small in- 
testinal enterocytes carries a characteristic series of hy- 
drolases and transporters (14).  These proteins show 
changes in expression during development (549, along 
the length of the intestine (9), and also along the crypt- 
villus axis of the villi (10). Certain of these proteins, e.g. 
sucrase-isomaltase (EC 3-2.1.1013.2.1.48) and lactase- 
phlorizin hydrolase (EC 3.2.1.2313.2.1.62), are believed 
to show a very restricted tissue distribution (11, 12), 
whereas others, in particular peptidases such as dipepti- 
dyl peptidase IV (EC 3.4.14.5), appear to be expressed in 
many tissues (13-15). 

Although a certain amount of information is available 
as to the expression of these genes at the mRNA level in 
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dipeptidyl peptidase IV mRNA are present at high levels in 
fetal colon and also at surprisingly high levels in adult 
colon. Lactase mRNA, on the other hand, is present at 
very low levels in fetal colon and is not detectable at all in 
adult colon. The Na*-dependent glucose transporter 
mRNA in contrast is expressed at higher levels in the adult 
colon than in the fetal colon. This is also the case for the 
carbonic anhydrase 1 transcript, although this transcript is 
not expressed in the small intestine. Thus, each of these 
genes shows different developmental and cell-specific reg- 
ulation. (Pedioh. Res 36: 514421, 1994) 

Abbreviations 
PCR, polymerase chain reaction 
dNTP, nucleotide triphosphates 
RT mix, reverse transcription mixture 

the small intestine (12, 16-22), information is limited, 
particularly in humans, concerning their relative expres- 
sion at different stages of development and in different 
parts of the intestine. It is hard to compare the results 
obtained in different studies on different samples by dif- 
ferent methods. It is in any case difficult to obtain suitable 
human tissue in large enough quantities for multiple gene 
products to be assayed using the same material. In this 
study, we have developed an RNA PCR method for the 
semiquantitative assessment of the level of multiple 
mRNA transcripts in the same small tissue sample. 

Although RNA PCR is a powerful technique, espe- 
cially for the detection and amplification of rare mRNA 
transcripts, it is more difficult to quantify the amounts of 
mRNA present in the starting material because the am- 
plification is an exponential process (23,24). Factors that 
influence the efficiency of the reverse transcription of 
RNA into cDNA and the subsequent PCR amplification 
will therefore dramatically affect the yield of PCR prod- 
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uct and thus the quantitation. Although it is possible to 
make use of control constructs in the same tube that give 
rise to a PCR product that can be distinguished from the 
target cDNA (25), this is particularly cumbersome when 
multiple gene transcripts are to be quantified at the same 
time, and the control constructs corresponding to each 
gene should in any case be made of RNA if both the 
transcription and PCR steps are to be controlled. Here 
we describe a much simpler modification of the RNA 
PCR method. We have optimized the conditions for the 
reverse transcription and used random hexamers to 
prime the synthesis of a representative pool of cDNA 
from each sample. A number of different specific PCR 
amplifications were carried out using each cDNA pool. 

Using this method, we have reexamined the expression 
of several "brush-border" genes in the small and large 
intestine of human fetuses and adults and their tissue 
distribution at the mRNA level. Analysis of the mRNA 
expression in the colon was of particular interest in view 
of the many reports concerning changes in the expression 
of these genes in colon cancer (26-29) and the known 
transient expression of certain enterocytic markers in 
fetal colon (30-33). Because the colon-specific transcript 
of carbonic anhydrase 1 (EC 4.2.1.1) is one of the very 
few colon-specific markers available (34), it was of inter- 
est to compare the expression of this mRNA with those 
of the brush-border proteins. 

METHODS 

Tissues. Full-thickness samples of mid small intestine 
and colon from 14 fetuses of 9-18 wk gestational age 
(weeks postconception) were obtained from the Medical 
Research Council (London, UK) Tissue Bank. Both 
proximal and distal colon were tested in one case (a 
17-wk fetus), and in all other cases proximal colon only 
was obtained. Three full-thickness midjejunal samples 
were taken from adult organ transplant donors, two full- 
thickness distal jejunal specimens were obtained at sur- 
gery, and four duodenal pinch biopsy samples (corre- 
sponding to the full-thickness mucosal layer, omitting 
muscle) were obtained by endoscopy and were all shown 
by lactase assay to be from lactase-persistent individuals. 

Four distal colon samples were taken from adult organ 
donors, and the mucosal layer, scraped free from the 
muscle, was used. 

Samples of tissues other than the intestine (heart, lung, 
liver, kidney, spleen) were obtained at surgery, from 
organ transplant donors, and at postmortem within 24 h 
of death. The fetal tissues were from the Medical Re- 
search Council Tissue Bank and included placenta, brain, 
muscle, thymus, stomach, thyroid, and adrenals, each 
from different individuals (12-18 wk of gestational age). 
The adult tissues were obtained from a variety of centers 
over several years. 

All the tissue samples were flash frozen in liquid nitro- 
gen, when possible within approximately 1 h of removal 
from the donor, placed in small plastic bags to exclude as 
much air as possible, and then stored at -70°C until used. 

Total RNA preparation. Total RNA was isolated from 
flash-frozen tissues using the guanidinium thiocyanate- 
phenol-chloroform extraction method of Chomczynski 
and Sacchi (35). After air drying, the RNA pellet was 
dissolved in diethyl pyrocarbonate-treated water and 
stored at -70°C. The RNA concentration was deter- 
mined spectrophotometrically. The yield of total RNA 
from 5-10 mg of tissue was approximately 10-20 ~ g .  The 
quality of the RNA was checked, except in the case of the 
biopsy specimens (which were too small and in any case 
had only been stored for up to 6 mo at -70°C), by 
electrophoresis of samples (denatured by heating for 5 
min at 65°C) on 1% agarose gels in 0.086 M Tris, 0.09 M 
borate, 1.9 mM EDTA, pH 8.4 (TBE buffer), containing 
0.1 FgIrnL ethidium bromide. Only samples with intact 
28s and 18s RNA were used. 

PCR primers. Specific oligonucleotide primers corre- 
sponding to the sequences of each gene transcript were 
designed from the published human cDNA sequences 
(Table 1) (11,14,36-38). These sequences were designed 
to span at least one intron by using, when available, 
published gene structure information or by checking ge- 
nomic DNA for amplification, so that the PCR product 
from the mRNA could be distinguished from that of 
genomic DNA. The sequences were shown to be unique 
to each gene transcript when checked against the Gen- 

Table 1 .  Oligonucleotide primers used in RNA PCR* 
Position in RNA PCR 

Gene cDNA Sequence product 

LPH 5454-5476 
5741-5763 

SI 8-30 
203-224 

DPPIV 716739 
1004-1027 

SGLTl 10-31 
624446 

CAI 1045-1119 
1339-1364 

5' TAC ACT GAC CCT TCT CTG CCA AG 3' 
5' GGC TTC GTT GTG TlT TCC CTT GC 3' 
5' GCA GCC TTA TCC AAG TCT GGT AC 3' 
5'  ACT CAC ACG ACT AGT AGC TGG AG 3' 
5' CCT TCT ACT CTG ATG ACT CAC TGC 3' 
5' GTG CCA CTA AGC AGT TCC ATC TTC 3' 
5' CAT GGA CAG TAG CAC CTG GAG C 3' 
5' CAG CAT GAT CAC CGT CTG CAA GG 3' 
5' ATG GAG CAA GCT GTA TCC CAT TGC C 3' 
5' GAA CCA TGC TCA 'I?T GTA CTG CCC C 3' 

* LPH, lactase-phlorizin hydrolase; SI, sucrase-isomaltase; DPPIV, dipeptidyl peptidase IV; SGLTl, Na+-dependent glucose transporter; CAI, 
carbonic anhydrase 1. 
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Bank and EMBL databases. The oligonucleotides were 
synthesized on a DNA synthesizer (ABI 391 PCR- 
MATE, Applied Biosystems, Foster City, CA). 

RNA PCR methud. Reverse transcription was usually 
conducted on 5-10 pg of RNA to carry out multiple PCR 
reactions. However, for the sake of simplicity, the quan- 
tities of reagents for 1 pg of RNA are given below: The 
quantities are given in moles of reagents added as well as 
molarity (M or mol/L) to allow the method to be followed 
more easily. 

Total RNA (1 pg) in 5 p L  of diethyl pyrocarbonate- 
treated water was denatured at 95OC for 5 min. The 
reverse transcription was carried out by adding 5.2 nmol 
of each dNTP (final concentration = 260 pM or 260 
pmoVL), 400 pmol of random hexamers (Pharmacia, St. 
Albans, UK) or 50 pmol of the appropriate specific 
primer, and 400 U of M-MLV reverse transcriptase 
(GIBCO BRL, Scotland, UK), 2 pL  of 10 x Taq DNA 
polymerase buffer (500 mM KCI, 15 mM MgCI,, 1% 
Triton X-100, 100 mM Tris-HCI, pH 8.8; Promega, Mad- 
ison, WI), and water to a final volume of 20 pL. The 
reaction was incubated at 42OC for 60 min and stopped by 
heating at 95OC for 5 min. 

The PCR assay was then performed by adding 10 pL  of 
this RT mix, equivalent to 0.5 pg of starting RNA, to 90 
p L  of a standard PCR mix containing 18 nmol of each 
dNTP (thus adjusting each dNTP to a final concentration 
of 206 pM), 50 pmol of each of the specific primers, 9 p L  
of Promega Taq DNA polymerase buffer, and 2 U of 
Promega Taq polymerase. The amplification step in each 
case comprised 25 cycles of denaturation at 94OC for 30 s, 
annealing at 52°C for 40 s, and extension at 70°C for 60 s 
in a thermal reactor (Hybaid Limited, Middlesex, UK). 
Control reactions were routinely conducted in which the 
reverse transcriptase was omitted to test for genomic 
DNA amplification, and additional controls without tem- 
plate were conducted as another test for contamination. 
Twenty p L  of the PCR products were subjected to elec- 
trophoresis in 2% agarose gels (20 x 25 cm) in TBE buffer 
containing 0.1 pg/mL ethidium bromide (in the gel only) 
and photographed using Polaroid 665 film. The identity of 
the PCR products was in each case confirmed by probing 
with a specific probe or cutting with informative restric- 
tion enzymes (data not shown). 

RESULTS 

Optimization of the RNA PCR method for quantimion. A 
number of experiments were conducted that were de- 
signed to optimize the reverse transcription step. In an 
early experiment, Taq DNA polymerase buffer 
(Promega) was compared with the reverse transcriptase 
buffer supplied with the M-MLV reverse transcriptase 
(GIBCO BRL). Because the reverse transcription 
worked just as well in the Taq polymerase buffer, this 
was used in all the subsequent experiments. The effect of 
varying the concentrations of dNTP, reverse transcrip- 
tase (GIBCO BRL), and both the random and specific 

primers on the amount of cDNA synthesized was moni- 
tored by PCR in a series of experiments in which the 
number of cycles of amplification were varied. 

The concentrations of each of the dNTP were varied 
from 260 to 1300 pM (final concentration) without chang- 
ing the amount of RNA used (1 kg per 20 k L  of RT mix). 
There was no increase in the efficiency of the reaction 
with increasing nucleotide concentration, but rather 
there was significant inhibition at concentrations higher 
than 750 pM. Similarly, the reverse transcription was 
also inhibited when more than 600 U of M-MLV reverse 
transcriptase (GIBCO BRL) per 20 pL  of RT mix were 
used. The amount of cDNA produced increased with 
increasing concentration of random hexamers up to 160 
pmollpg RNA (Fig. 1). In practice, the amount of random 
hexamers used in the RT mix (400 pmoltpg RNA) is in 
great excess, but this does not affect the specificity of the 
PCR and gives a similar amount of PCR product as 50 
pmollpg RNA of specific primers (data not shown). 

Hantlom I'rin~rrs 
(pn~oleslug HNA) 

20 cycles 

25 cycles 

Figure 1. The effect of random primer concentration on the efficiency 
of the reverse transcription step. The reverse transcription was con- 
ducted using total RNA from fetal small intestine with 40, 80, 120, 160, 
or 200 pmol of primer per 1 pg of total RNA in the otherwise standard 
reverse transcription mix and monitored by PCR amplification of the 
cDNA for 20, 25, and 30 cycles using primers specific for sucrase- 
isomaltase. The control lane shows the result of conducting the tran- 
scription step without reverse transcriptase (200 pmol of primer). The 
negative control without template is not shown. Note that at 30 cycles 
of amplification the reaction is reaching the saturation and the differ- 
ence between the reverse transcriptions is no longer evident. 
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To calibrate the PCR process, varying amounts of 
cDNA (corresponding to 0.1-3 kg of starting RNA) were 
tested using the standard PCR reaction as described in 
Methods. For each of the PCR primers reported here, it 
was shown that at 25 cycles the amount of PCR product 
was linearly related to the amount of total starting RNA 
within the range 0.1-1.0 pg and saturated thereafter (2.0 
kg of starting total RNA) (Fig. 2). The reaction was also 
no longer linear after 30 cycles, even when 0.5 kg of 
starting total RNA was used (data not shown). Indepen- 
dent PCR reactions conducted from the same cDNA gave 
very similar quantities of product (Fig. 2). Repeat RNA 
specimens from the same pieces of tissue also gave very 
similar results, although small day-to-day variations in 
the reverse transcription were occasionally seen. 

Application of the RNA PCR method to study tissue and 
developmental distribution of lactase, sucrase-isomaltase, 
dipeptidyl peptidcrse IV, and Nu+-dependent glucose trans- 
porter mRNA. A preliminary screen of the tissue distribu- 
tion of lactase, sucrase-isomaltase, dipeptidyl peptidase 
IV, and Na+-dependent glucose transporter mRNA was 
followed by a much more detailed analysis of the expres- 
sion of these transcripts in the intestine. Some typical 
results are shown in Figures 3 and 4. 

Lactase mRNA was not detected in any of the non- 
intestinal tissues tested, which included heart, lung, liver, 
kidney, and spleen from adults and placenta, brain, mus- 
cle, thymus, stomach, thyroid, and adrenals from fe- 
tuses. Some of the results are presented in Figure 3. It 
was present at high levels in the small intestine (both 
duodenum and jejunum) of the lactase-persistent adults 
(Fig. 4.4 lanes 5-8). The results of our analysis of the 
nonpersistent adults will be reported elsewhere (39). Lac- 
tase mRNA was present at much lower levels in all the 
fetal small intestine samples (Fig. 4A, lanes 1 4 )  with 

Total RNA (L.16) 

Figure 2. Titration curve showing the quantitative relationship be- 
tween the amount of total RNA transcribed and the amount of PCR 
product. cDNA reverse transcribed from 0.1 to 3 pg of total RNA from 
fetal small intestine was subjected to 25 cycles of PCR amplification 
using primers specific for sucrase-isomaltase. The relative amount of 
PCR product was determined by scanning the photographic negatives 
with an Ultralaser Scanner XL (LKB, Bromma, Sweden) and the area 
of each peak was calculated and presented as arbitrary units. The points 
represent results of two different experiments using the same cDNA. 
Open circles, experiment 1 ;  stippled circle, experiment 2. 

very little difference in the level of expression from 9 to 
18 wk of gestation. It was also present in trace amounts 
in the fetal colon (Fig. 4B, lanes 1 4 )  but was not detect- 
able at all in the adult colon samples (Fig. 4B, lanes 5-8). 

Sucrase-isomaltase mRNA was not detected in any of 
the nonintestinal tissues under the conditions used (Fig. 
3), but was detected at high levels in both the fetal and 
adult small intestine (Fig. 4A) and in fetal colon (both 
proximal and distal) (Fig. 4B, lanes 14) .  It is also ex- 
pressed in adult colon, although at a slightly lower level 
than in the fetuses (Fig. 48, lanes 5-8). 

Dipeptidyl peptidase IV mRNA was detected in all the 
tissues examined (Fig. 3). Similar levels of this mRNA 
were found in the small intestine of both the fetuses and 
adults (Fig. 44). Significant amounts of dipeptidyl pepti- 
dase IV mRNA were also detected in both the fetal 
(proximal and distal) and adult colon (Fig. 4B). 

The Na+-dependent glucose transporter mRNA was 
detected in adult colon (Fig. 4B, lanes 5-8) and in the 
small intestine of fetuses and adults (Fig. 44) but not in 
fetal colon (Fig. 4B, lanes 1 4 )  or any other tissues 
studied (Fig. 3) under the conditions used here. 

Carbonic anhydrase 1 mRNA was detected at high 
levels in all the adult colon specimens (Fig. 4B, lanes 5-8) 
but was present at much lower levels or was undetectable 
in the distal and proximal colon preparations from the 
fetuses (Fig. 4B, lanes 1 4 )  and could not be detected at 
all in any of the small intestine samples under the condi- 
tions used (Fig. 4A). 

DISCUSSION 

We describe here the conditions that we have used, 
and their validation, for a simple PCR method for the 
measurement of mRNA. A semiquantitative assay was 
devised by optimizing the reverse transcription and ad- 
justing the subsequent PCR process by limiting both the 
starting RNA and the number of cycles of amplification. 
The sensitivity of the method means that many analyses 
can be completed on the same 5-10 mg of tissue. Al- 
though the individual PCR assays need to be calibrated, 
this general method should prove useful for the analysis 
of other genes in similar small diagnostic specimens. In 
our hands, the method is preferable to the use of RNase 
protection assays (40) because it is more sensitive, 
quicker, and more straightforward; it does not require 
radioactivity; and it is not necessary to have access to the 
appropriate clones. Although the method does not allow 
absolute quantitation of the transcripts (because they 
differ in length and sequence), it does provide a simple 
way of examining tissue distribution. It is particularly 
convenient for studying tissue-to-tissue variation in rela- 
tive expression of a number of different transcripts. The 
analysis of multiple transcripts in one assay also provides 
a powerful internal control for the quality of the speci- 
mens and is useful in cases such as described here in 
which there is variation in the proportion of particular 
cell types in a specimen. 
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LPH 

DPPIV 

SGLTI 

Figwe 3. The tissue distribution of lactase-phlorizin hydrolase (LPH), sucrase-isomaltase (SI ) ,  dipeptidyl peptidase IV (DPPW), and the 
Na+-dependent glucose transporter (SGLTI) mRNA as assessed by RNA PCR. The tissues are from adults unless otherwise specified. The adult 
small intestine sample was a full-thickness specimen from the midjejunum. The reverse transcriptions for each tissue were carried out in a single 
experiment and the gene-specific amplifications were all conducted using these same cDNA. MWdenotes the molecular weight markers (1 kb DNA 
ladder, GIBCO BRL). 

Our results on the expression of lactase mRNA in the 
small intestine correlate reasonably well with those re- 
ported for the distribution of the enzyme activity and the 
presence of the lactase protein. Lactase activity has, for 
example, been shown to be very low before the 24th wk 
of gestation (5,7,8,18), and a low level of lactase mRNA 
was obsenred in the recent study by Villa et al. (18). It is 
of interest that very low but detectable levels of lactase 
mRNA were also found in fetal colon, because conflicting 
results have been obtained for the expression of lactase 
protein in fetal colon. Lacroix et al. (33) and Raul et al. 
(41) failed to detect any lactase activity in 8- to 30-wk 
fetal colon, and no lactase protein was detected by 

Zweibaum et al. (28) in 16- to 20-wk fetal colon. This is in 
contrast to the work by Dahlqvist and Lindberg (8) and 
Menard and Pothier (42), who reported low lactase activ- 
ity in fetal colon in the period they studied (1 1-23 wk). It 
seems likely that the level of expression of the protein is 
such that it is at the borderline of detection. Lactase 
mRNA was not detected at all in the adult colon samples 
or in the nonintestinal tissues tested. 

Sucrase-isomaltase mRNA was detected in all the in- 
testinal samples tested but was not detected in nonintes- 
tinal tissue under the conditions used here, despite the 
fact that we had previously shown low levels of a su- 
crase-isomaltase-like protein in adult lung, adrenal, mus- 
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Small Intestine 

Figure 4. Expression of multiple mRNA in representative samples of hu 
14, and 15 wk); lanes 5 and 6 ,  adult full-thickness distal jejunum; lanes 
proximal colon (10,10,11, and 12 wk); lanes 5-8, adult distal colon. M W  
SI, sucrase-isomaltase; LPH, lactase-phlorizin hydrolase; DPPIV, dipel 
carbonic anhydrase 1. 

cle (43), and bladder (unpublished data). In contrast and 
perhaps more surprising, however, was the relatively 
high level of sucrase-isomaltase mRNA in the adult colon 
samples tested. These same samples showed virtually 
undetectable sucrase activity (Rousset M, Zweibaum A, 
unpublished data). Although there is now general agree- 
ment that sucrase-isomaltase is expressed at low levels in 
normal adult colon (26, 27, 32, 44, 45), there is clearly 
substantially less protein and enzyme activity than in the 
small intestine and than might have been expected from 
the levels of mRNA that we have observed in this study. 
High levels of expression of the sucrase-isomaltase pro- 
tein in fetal colon between 8 and 30 wk of gestation are 
well documented (28, 31-33), and this is consistent with 
the high mRNA levels observed here. However, we have 
also noted that the level of protein and enzyme activity in 
fetal colon appears to be somewhat less than that in the 

B Colon 

man small and large intestine. A ,  Small intestine: lanes 1 4 ,  fetal (13, 14, - 7 and 8, adult duodenum (mucosal biopsy). B, Colon: lanes 1 4 ,  fetal 
denotes the molecular weight markers (1 kb DNA ladder, GIBCO BRL). 
ptidyl peptidase IV, SGLTI, Na+-dependent glucose transporter; CAI, 

small intestine (46) (Wang Y, Swallow DM, unpublished 
observations) and perhaps less than might have been 
expected from the level of mRNA. These observations 
may suggest that posttranscriptional events are in part 
regulating the expression of sucrase-isomaltase in the 
colon, or it may simply mean that the protein present on 
the lumen of the colon is rapidly degraded. It would be of 
some interest to reexamine the expression of sucrase- 
isomaltase mRNA in colon, late in gestation and in ba- 
bies, in relation to the enzyme activity, but such material 
is unfortunately very hard to obtain. 

We have found that dipeptidyl peptidase IV mRNA is 
expressed in all the human tissues we tested, which is 
consistent with the wide tissue and cellular expression 
observed at the level of the protein in the rat (15). Dipep- 
tidy1 peptidase IV mRNA, similar to sucrase-isomaltase, 
is expressed at high levels in fetal small intestine, and this 
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is consistent with the reports of high enzyme activity at 
this stage of development (13). The high level of dipep- 
tidy1 peptidase IV mRNA found in the colon, as in the 
case of sucrase-isomaltase, is somewhat unexpected in 
view of the rather low levels of the enzyme and protein 
observed in some studies (27, 28) but is consistent with 
the immunostaining results of Gorvel et al. (32); the 
combined results are suggestive of tissue- or cell-specific 
differences in mRNA or protein processing. 

The mRNA for the Na+-dependent D-glucose cotrans- 
porter was detected in both the fetal and adult human 
small intestine, which is in keeping with previous func- 
tional and molecular evidence concerning the expression 
of this transporter (4,47). However, it is rather surprising 
that the same message was detected at high levels in the 
adult colon but not in fetal colon, and the significance of 
this is not clear. 

In this study, we have confirmed previous observations 
that the "colonic" carbonic anhydrase 1 transcript is 
expressed predominantly in adult colon and at much 
lower levels in fetal colon but is not detectable in either 
fetal or adult small intestine (34), and it is quite different 
in its pattern of expression from the enterocytic markers. 
However, these brush-border markers also differ from 
one another, indicating that the molecular mechanisms 
regulating their expression are very complex and proba- 
bly involve multiple transcription factors. In particular, 
even sucrase-isomaltase and lactase, which share the 
same restricted tissue distribution, show marked cellular 
and developmental differences in their steady state 
mRNA levels. This is consistent with the fact that 
marked differences have been noted in other species (1) 
and also with the fact that there appears to be very little 
similarity between the two promoters (36, 48, 49). 

The RNA PCR method described here is proving in- 
valuable for the analysis of the expression of these en- 
zymes in biopsy specimens taken from lactase-persistent 
and -nonpersistent adults (39) and from children with 
malabsorption and should be useful to other investigators 
studying gene expression. 
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