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The C/T-13910 mutation is the major factor responsible for the
persistence of the lactase-phlorizin hydrolase (LCT ) gene expression.
Mutation G/A-22018 appears to be only in co-segregation with C/T13910. The objective of the present study was to assess the presence of
these two mutations in Brazilian individuals with and without lactose
malabsorption diagnosed by the hydrogen breath test (HBT). Ten
milk-tolerant and 10 milk-intolerant individuals underwent the HBT
after oral ingestion of 50 g lactose (equivalent to 1 L of milk).
Analyses for C/T-13910 and G/A-22018 mutations were performed
using a PCR-based method. Primers were designed for this study
based on the GenBank sequence. The CT/GA, CT/AA, and TT/AA
genotypes (lactase persistence) were found in 10 individuals with
negative HBT. The CC/GG genotype (lactase non-persistence) was
found in 10 individuals, 9 of them with positive HBT results. There
was a significant agreement between the presence of mutations in the
LCT gene promoter and HBT results (kappa = -0.9, P < 0.001). The
CT/AA genotype has not been described previously and seems to be
related to lactase persistence. The present study showed a significant
agreement between the occurrence of mutations G/A-22018 and C/T13910 and lactose absorption in Brazilian subjects, suggesting that the
molecular test used here could be proposed for the laboratory diagnosis of adult-type primary hypolactasia.
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Introduction
Lactose is hydrolyzed in the small intestine into glucose and galactose by the lactase-phlorizin hydrolase (LPH) found in the
intestinal villi. Lactose malabsorption consists of a failure of the mechanisms of diges-
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tion and absorption of lactose that can be
shown by laboratory tests, whereas lactose
intolerance is defined as a clinical syndrome
caused by lactose ingestion (1).
Adult-type hypolactasia is characterized
by a fall of lactase activity levels to 5 to 10%
of birth levels occurring during childhood
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and adolescence. The condition affects more
than 75% of the population worldwide, with
regional frequencies ranging from nearly
5% in northern Europe to more than 90% in
some Asian and African countries (2).
Deficiency of lactase activity measured
in enterocytes is the gold standard for the
diagnosis of lactose malabsorption (3,4).
However, it is an invasive test (5). Among
non-invasive laboratory exams for the diagnosis of lactose malabsorption, the hydrogen breath test (HBT) is widely used. Nevertheless, it can cause symptoms such as bloating, vomiting, abdominal distension, abdominal pain, and diarrhea in intolerant patients.
Sensitivity ranges from 69 to 100% and
specificity from 96 to 100% when compared
to lactase activity measurement in the intestinal biopsy (3,6,7).
Lactase activity is determined by lactasephlorizin hydrolase (LCT ), the gene encoding LPH, which has been mapped to chromosome 2q21-22 (8). Its persistence in adult
life is of autosomal dominant inheritance (2,
9). Recently, it has been found that this
persistence is due to two mutations (C/T13910 and G/A-22018) in the LCT gene
promoter region (10,11). The presence of
the mutant alleles T-13910 and A-22018 has
been related to persistent levels of lactase
activity in duodenal biopsy material (12).
The objective of the present study was to
determine the presence of the C/T-13910
and G/A-22018 mutations in the LCT gene
in Brazilian individuals with and without
lactose malabsorption diagnosed by HBT.

ant and 10 milk intolerant. Of the 20 individuals participating in the study, 18 (90%)
were females. All were Caucasians, except
for 1 Asian descendent. Overall mean age
was 32.7 ± 7.3 years (range: 22-53 years).
The mean ages of lactose-tolerant and -intolerant subjects were 32.2 ± 6.2 and 33.2 ± 8.6
years, respectively.
All participants were volunteer medical
students. Sample size was calculated based
on the frequency of the C allele in individuals with 100% lactose malabsorption (10).
Since there are no data regarding the prevalence of LCT gene mutations in the Brazilian
population, we calculated 10 subjects for
each group, considering a 95% confidence
interval, 0.9 power, and a standard error of
0.1 (Epi-Info, version 6.04).
Lactose-intolerant individuals were defined as subjects unable to drink any quantity of milk due to the presence of symptoms
(nausea, abdominal pain, flatulence) or as
subjects able to drink up to 2 glasses of milk
(approximately 500 mL) a day (13). Tolerant
individuals were those who reported being
able to drink more than 3 glasses of milk a
day without symptoms.
None of the subjects reported a history of
gastrointestinal disorders associated with
secondary lactose intolerance, e.g., Crohn’s
disease, ulcerative colitis, celiac disease, irritable bowel syndrome, diarrhea, or the use
of antibiotics, enemas or laxatives during
the 15 days preceding the exam. All subjects
underwent the HBT and were classified as
having lactose malabsorption or not.

Subjects and Methods

H2 breath test

The study was approved by the Ethics
Research Committee of Hospital de Clínicas
de Porto Alegre. Written informed consent
was obtained from all subjects.
Twenty healthy individuals above 18
years of age from Porto Alegre, State of Rio
Grande do Sul, Southern Brazil, were enrolled, 10 of them believed to be milk toler-

Subjects were instructed to fast overnight for 12 h and to avoid smoking for the
same period of time before the HBT. The test
was performed after oral ingestion of 50 g
lactose (equivalent to 1 L of milk) diluted in
250 mL tap water.
Breath H2 excretion was measured in
parts per million (ppm) using a gas chrowww.bjournal.com.br
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matographer (Model 12i Quintron®, Quintron
Instrument Company Inc., Milwaukee, WI,
USA) at baseline and every 60 min after the
ingestion of lactose over a period of 180
min. The HBT was considered to be positive
(lactose malabsorption) when excretion was
higher than 20 ppm compared to baseline.
All subjects were observed regarding the
occurrence of gastrointestinal symptoms such
as diarrhea, bloating, abdominal pain, flatulence, and cramping over a period of 24 h
after the test.
DNA

For DNA analysis, genomic DNA was
isolated from venous blood (Easy-DNA™,
Invitrogen, Carlsbad, CA, USA). To test for
the C/T-13910 variant, the fragment containing the polymorphic site was amplified
by the polymerase chain reaction (PCR) using the primers C/T-for 5'-AAGACGTAA
GTTACCATTTAATAC-3' and C/T-rev 5'CGTTAATACCCACTGACCTATCCT-3'
and digested with the BsmFI endonuclease
(New England Biolabs, Beverly, MA, USA),
generating fragments of 121 and 95 bp. For
the detection of G/A-22018 polymorphism,
the primers used were G/A-for 5'-TAAGA
ACATTTTACACTCTTC-3' and G/A-rev 5'AGAAAATGGGTTTTCGCCATG-3' and
the PCR product was digested with HhaI
(Invitrogen), generating fragments of 116
and 108 bp. Primers were designed for this
study based on the GenBank sequence
AC011893. PCR was performed using an
Eppendorf Personal ThermoCycler (Eppendorf, Hamburg, Germany), in a final volume
of 25 µL, using 100 ng genomic DNA, 1X
500 mM KCl buffer, pH 8.4, 5 mM MgCl2,
0.2 mM dNTPset, 20 pmol of each primer,
and 1 U Taq DNA polymerase. All reagents
were purchased from Invitrogen. The annealing temperature was 56ºC for both polymorphisms. PCR products and digestion fragments were analyzed on 2.5% agarose gel
stained with ethidium bromide. A DNA test
www.bjournal.com.br

suggestive of lactase non-persistence was
interpreted as a CC/GG genotype, whereas
CT or TT and GA or AA genotypes were
indicative of lactase persistence.
Statistical analysis

Data were analyzed statistically using
the SPSS software, version 10.0. HBT values at baseline and at 60, 120, and 180 min
for subjects with and without lactose malabsorption were compared by the Mann-Whitney test. The agreement between HBT and
molecular analysis was assessed by the kappa
coefficient (95%CI), with the level of significance set at 5%.

Results
All 10 lactose-tolerant subjects (100%)
had a negative HBT and no evidence of
gastrointestinal symptoms of lactose intolerance. Of the 10 lactose-intolerant subjects, 9
had a positive HBT and 1 had a negative
result. However, all of these subjects presented some of the following symptoms during the 24-h period after the test: abdominal
distention (N = 5), nausea (N = 5), flatulence
(N = 6), and diarrhea (N = 5). HBT levels at
baseline and at 60, 120, and 180 min for
subjects with and without lactose malabsorption are shown in Figure 1. Hydrogen
breath excretion levels in subjects with lactose malabsorption were significantly higher
than in subjects without lactose malabsorption at 60, 120, and 180 min (P < 0.001). The
maximum H2 breath excretion in subjects
with lactose malabsorption occurred at 120
min.
The CT/GA, CT/AA, and TT/AA genotypes, related to the lactase persistence phenotype, were found in 10 individuals (CTGA
in 6, CTAA in 1, and TTAA in 3). All of
them showed negative HBT results. The CC/
GG genotype, related to lactase non-persistence, was found in 10 individuals, 9 of
whom showed positive HBT results. There
Braz J Med Biol Res 40(11) 2007
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was high agreement between the presence of
mutations in the LCT gene promoter and
HBT results: kappa = -0.9 (95%CI = -1.0 to
-0.71), P < 0.001. A photograph of 2.5%

Figure 1. Results of the hydrogen breath test (HBT) in subjects with (positive HBT) and
without lactose malabsorption (negative HBT). Results are presented as median and 2575% quartiles. *P < 0.001, HBT level of subjects with malabsorption compared with subjects
without malabsorption (Mann-Whitney test).
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Figure 2. PCR products digested with BsmFI (lanes 3, 4, 5 ) and HhaI (lanes 8, 9, 10) were
separated on 2.5% agarose gel stained with ethidium bromide. Lanes 1 and 6, 100-bp DNA
ladder. Lanes 2 and 7, undigested PCR products. Lane 3, CC homozygote. Lane 4, C/T
heterozygote. Lane 5, TT homozygote. Lane 8, GG homozygote. Lane 9, G/A heterozygote.
Lane 10, AA homozygote. Note that the 116- and 108-bp fragments cannot be distinguished
on the 2.5% agarose gel but genotyping is clear by comparison with undigested PCR.
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agarose gel with different genotype patterns
is shown in Figure 2.

Discussion
The present study assessed the relationship between the presence of mutations C/T13910 and G/A-22018 in the LCT gene and
individuals with and without lactose malabsorption. There was significant agreement
between the presence of these mutations and
a negative HBT (i.e., without lactose malabsorption). Likewise, the absence of mutations significantly agreed with a positive
HBT (lactose malabsorption).
The criterion of milk tolerance and intolerance was used only to enroll eligible individuals for lactose absorption or malabsorption, which was targeted for the study. Additionally, a weak correlation between selfreported lactose tolerance and presence of
the LCT mutation has been previously shown
(14), also in a population of equal gender
distribution (15).
Enattah et al. (10) studied 9 Finnish families and identified two mutations related to
lactase persistence (C/T-13910 and G/A22018). All non-persistent lactase individuals were CC/GG homozygotes. Later, Kuokkanen et al. (12) described 4 genotypes when
measuring LPH activity in intestinal biopsy
material: CCGG and CCGA (lactase nonpersistence), CTGA and TTAA (lactase persistence).
In the present study, we identified one
individual with a CTAA genotype not previously described in the literature. As expected,
this individual had a negative HBT, suggesting lactase persistence. In addition, one of
the 10 subjects with the CCGG genotype
(lactase non-persistence) had negative HBT,
without symptoms. This could be explained
by a slow decrease of lactase levels, with
hypolactasia developing later in life. Another explanation could be the possible presence of an intestinal flora that did not produce H2 (16).
www.bjournal.com.br
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Among all subjects who presented genotypes of lactase persistence (CTGA, TTAA
and CTAA), one CTGA subject presented
nausea and abdominal distension during the
test despite a negative HBT. The presence of
symptoms may suggest a possible secondary cause for lactose intolerance; however,
no further investigation such as gastrointestinal endoscopy was performed.
There are few studies comparing the presence of mutations and HBT, and all of them
were conducted in European countries. This is
the first study conducted on Brazilian subjects. The prevalence of adult-type primary
hypolactasia, assessed by the lactose tolerance
test, ranges from 38% in Caucasians to 95% in
Blacks (17,18), with high regional differences
due to the ethnic heterogeneity of the Brazilian
population. An 8.4% prevalence of lactose
malabsorption assessed by the HBT has been
shown in the Brazilian pediatric population
(19). Recently, a 53% prevalence of hypolactasia was identified in white individuals and a
91% prevalence was identified in nonwhite
individuals by measuring lactase activity by
immunohistochemistry in the duodenal mucosa (13). Regarding the frequency of C/T13910 and G/A-22018 mutations compared to
milk tolerance in the general population, a T
allele frequency ranging from 0 to 0.112 has
been shown in African Sub-Saharan populations and a frequency of 0.872 has been shown
in Ireland (20).
It has been recognized that the C/T-13910
mutation is the major factor responsible for

LPH persistence (11,21) and the G/A-22018
mutation appears to be only in co-segregation with C/T-13910 (22). Polymorphism of
C/T-13910 has been used as a diagnostic
predictor of adult-type hypolactasia in some
European countries (5,23,24). However, this
polymorphism has not been associated with
lactase persistence in some African SubSaharan populations since several milkdrinking groups did not show the T-13910
allele. This suggests that this polymorphism
may not be the only causative factor for
lactase persistence (20). Therefore, the present study assessed the two mutations in a
non-European country, showing a significant agreement between mutations G/A22018 and C/T-13910 and HBT results.
Recent studies have demonstrated a 9197% agreement of CC genotype with positive HBT results, and an 86-95% agreement
between CT and TT genotypes and negative
HBT results (5,7). Mutation analysis for the
diagnosis of lactose malabsorption related to
HBT presented a 97% positive and an 86%
negative predictive value (7). In addition,
this procedure has an advantage over the
HBT by causing less discomfort to the patient (25).
The present study showed a high level of
agreement between LCT mutation analysis
and lactose absorption in Brazilian subjects.
We suggest that this genetic test could be
used for the diagnosis of adult-type primary
hypolactasia.
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