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I

Background and aims: The uncertainty surrounding the role of Mycobacterium avium subsp paratuberculosis (Map) in Crohn’s disease has been compounded by possible contamination from Map
present in the lumen microflora. This study used laser capture microdissection (LCM) and polymerase
chain reaction (PCR) to detect Map DNA in subepithelial granulomas, isolated from 15 surgically
resected, formalin fixed specimens of granulomatous Crohn’s disease and from 12 granulomatous disease controls (10 bowel, 2 non-bowel).
Methods: The effect of amplicon size on reliability of PCR from formalin fixed samples was examined
by amplifying 435 bp and 133 bp sequences of the human APC gene. After this, nested primers were
designed to detect a small fragment (155 bp) of the Map specific IS900 gene in Crohn’s granulomas.
LCM isolated granulomas from Map culture positive bovine intestine was used as positive control. PCR
product specificity was confirmed by direct DNA sequencing.
Results: The smaller, but not the larger, fragment of the APC gene amplified reliably in all samples.
Amplification of the 155 bp fragment of the IS900 gene detected Map DNA in microdissected Crohn’s
granulomas in 6 of 15 cases, and in 0 of 12 disease control granulomas.
Conclusions: LCM can be used to detect Map DNA in granulomas in a proportion of patients with
Crohn’s disease. However, formalin fixation requires that comparatively short DNA fragments of the
Map specific IS900 gene be targeted, to permit consistent detection. Detection of Map DNA within
granulomas might suggest an infectious aetiology in a subset of patients; alternatively, a transmissible
agent may not be involved but mycobacterial DNA may influence pathogenesis by modifying the local
cytokine responses.

n 1895, Johne and Frothingham first described what they
thought was a form of atypical tuberculosis in animals with
chronic granulomatous enteritis.1 The organism involved
was subsequently characterised, and is now named Mycobacterium avium subsp paratuberculosis (Map). A potential link
between Map infection in cattle and human granulomatous
enteritis was first noted in 1913.2 Interest was revived in the
early 1980s with the report of the isolation of Map from three
Crohn’s disease patients.3 Routine culture from tissues is difficult because when present Map is commonly in spheroplast
form (cell wall deficient), which does not thrive in standard
culture conditions.4 5 Culture is also time consuming, labour
intensive, and has not yielded definitive human prevalence
figures, although recent refinements in technique have
improved Map detection rates.6 It has also proved difficult to
detect Map in Crohn’s disease tissues by other methods: the
microscopical examination of Ziehl-Neelsen stained tissue has
low sensitivity and detects all types of Mycobacteria; serology
studies have been beset by problems of non-specificity because
of antigen cross reactivity,7 although more recent studies have
reported a specific high immune reactivity to recombinant
Map antigens in Crohn’s patients.8 9 These difficulties reflect
the fact that Map micro-organisms when present in Crohn’s
disease are few in number, relative to bovine cases of Map
infection (Johne’s disease).10
More recent work has focused on molecular methods to
determine the prevalence of Map in cases of Crohn’s
disease.11 12 Interpretation of any positive results from studies
using molecular methods has been confounded by possible
tissue contamination with Mycobacteria from the intestinal
lumen, the significance of which is uncertain. In this study we

used laser capture microdissection (LCM) to overcome this
problem by specifically isolating subepithelial granulomas (fig
1), as it is reasonable to predict that aetiologically relevant
bacterial agents should be present within granulomas.13

METHODS
Samples
Archival samples of surgically resected specimens of granulomatous Crohn’s disease were obtained from the Department
of Histopathology, Mercy Hospital, Cork. The diagnosis of
Crohn’s disease was based on conventional clinical, radiological, and histopatholgical criteria. Cases were reviewed by an
experienced consultant histopathologist (GL), and 15 unambiguous cases of granulomatous Crohn’s disease were selected
for study—granulomas were isolated from small bowel in
seven cases and large bowel in eight cases. Formalin fixed paraffin wax embedded samples were used in order to recognise
granulomas in tissue sections, stained with haematoxylin and
eosin (H&E), before microdissection. Negative control samples were from similarly treated archival samples of nonCrohn’s granulomatous tissue samples from gut and non-gut
diseases (table 1). In both test cases and controls granulomas
were well formed, easily identifiable for microdissection, and
not contiguous with fissures or disrupted crypts. However, the
.............................................................
Abbreviations: LCM, laser capture microdissection; APC, adenomatous
polyposis coli; PCR, polymerase chain reaction; Map, Mycobacterium
paratuberculosis
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density of granulomas in both groups was variable. Positive
control tissue was formalin fixed, paraffin wax embedded
bovine intestine obtained from the local authority veterinary
laboratory, where the animal had tested positive by culture for
Map before being put down. Histological analysis of bovine
small bowel revealed diffuse inflammation typical of histiocytic Johne’s disease, but a few well formed granulomas were
easily identifiable for microdissection.
Laser capture microdissection of specimens
Before microdissection, 5 µm thickness tissue sections were
cut from the paraffin block and mounted without fixative on
uncoated, uncharged slides. The first slide was stained with
H&E to determine the position of the granulomas and other
tissue landmarks in the section. The next consecutive tissue
section was deparaffinised with xylene, dehydrated in a series
of alcohol baths, and allowed to air dry until chalky white.
Granulomas were then microdissected using the LCM microscope (PixCell II, Arcturus Engineering, CA, USA). This
system uses a laser to melt minute areas of a plastic cap, resting on the prepared slide, to target tissue.14 When the cap is
lifted off the slide, the chosen area of tissue is stuck to the
plastic and lifts off with the cap (fig 1). The plastic caps and
attached tissue were placed into appropriately sized sterile
microfuge tubes to prevent contamination. We also collected
corresponding whole cross sections of tissue by fully scraping
a third consecutive deparaffinised tissue section from the slide
into a separate microfuge tube.

Table 1
samples

DNA isolation
DNA was extracted from all tissue samples using DNeasy tissue DNA isolation kit (Qiagen, Crawley, UK) as per manufacturers instructions, and resulting DNA was eluted in 100 µl of
sterile distilled water and stored at −20°.
PCR
To determine how size affected ability to reliably amplify a
target sequence from isolated human DNA samples, previously published primers amplifying a large (435 bp) and a
small (133 bp) fragment of the APC “housekeeping” gene were
used (table 2).15 PCR of both fragments was performed on
microdissected granulomas and whole tissue sections of
Crohn’s disease and disease control (non-Crohn’s) tissue. An
additional round of 25 cycles (total 65 cycles) was found to be
necessary to amplify the small fragment reliably in microdissected samples, and this was also done with PCR amplification
of the large fragment to permit comparison.
To reliably detect Map, nested PCR systems amplifying large
and small sequences of the IS900 gene were compared. IS900
is a multi-copy insertion sequence that has been targeted for
PCR amplification in previous studies investigating prevalence
of Map in Crohn’s disease.16–24 Primers amplifying a previously
published 413 bp sequence,25 and newly designed nested
primers amplifying a 328 bp fragment were used. Primers
were also designed to amplify smaller 193 bp primary and 155
bp nested sequences of IS900 (table 2). The reliability of these

Negative control archival formalin fixed paraffin wax embedded tissue

Non-gastrointestinal

Mediastinal node sarcoidosis
Cholesterol granuloma of breast

Non-caseating granuloma
Foreign body granuloma

Gastrointestinal

Diverticular disease* × 2
Perianal sinus tissue*
Colon surgical scar*
Tubular adenoma of colon*
Adenocarcinoma of colon* × 4
Tuberculosis of colon

Foreign body granuloma
Foreign body granuloma
Foreign body granuloma
Foreign body granuloma
Foreign body granuloma
Caseating granuloma

*Denotes samples of disorders not normally associated with granulomas but in which granulomas were
reported on routine histopathological examination.
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Figure 1 Isolation of subepithelial granulomas by laser capture microdissection. (A) and (B) show low and high power views respectively of
the haematoxylin and eosin stained “guide” section of the granulomas to be dissected; (C) deparaffinised section pre-microdissection; (D) the
same section after microdissection; (E) captured cells on thermoplastic cap.
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Sequence specific primers and their reaction conditions
Primers

Reaction conditions

APC gene
435 bp
APC gene
133 bp
IS900
413 bp outer
IS900
328 bp nested
IS900
193 bp outer
IS900
155 bp nested

5′-AAGCCTACCAATTATAGTGAACG-3′
5′-AGCTGATGACAAAGATGATAATG-3′
5′-GGA CTACAGGCCATTGCAGAA-3′
5′-GGCTACATCTCCAAAAGTCAA-3′
5′-GAAGGGTGTTCGGGGCCGTCGCTTAGG-3′
5′-GGCGTTGAGGTCGATCGCCCACGTGAC-3′
5′-CAGGGACGTCGGGTATGGCTTTCA-3′
5′-CGTCACCGCCGCAATCAACTCCAG-3′
5′-GCCCGGATGCGCCACGACTT-3′
5′-GCGCGGCACGGCTCTTGTTGTA-3′
5′-GCGCCACGACTTGCAGCCTCTG-3′
5′-CGCGTTCCAGCGCCGAAAGTATT-3′

95°C for 15 min; 65 cycles (40 + 25) of 94°C for 1 min,
58°C for 1 min, 72°C for 1 min; and 2 min at 72°C
95°C for 15 min; 65 cycles (40 + 25) of 94°C for 1 min,
55°C for 1 min, 72°C for 1 min; and 2 min at 72°C
95°C for 15 min; 40 cycles of 94°C for 1 min, 58°C for 1
min, 72°C for 3 min; and 72°C for 2 min
95°C for 15 min; 30 cycles of 94°C for 1 min, 55°C for 1
min, 72°C for 3 min; and 72°C for 2 min
95°C for 15 min; 40 cycles of 94°C for 1 min, 68°C for 1
min, 72°C for 30 sec; and 2 min at 72°C
95°C for 15 min; 30 cycles of 94°C for 1 min, 68°C for 30
sec, 72°C for 30 sec; and 2 min at 72°C

nested systems was compared using template DNA from Map
positive bovine and non-gut control tissue samples.
In examining Crohn’s disease tissue, effective DNA isolation
was checked in each sample by PCR amplification of the 133
bp APC sequence. When effective DNA isolation was confirmed in each Crohn’s sample, nested PCR detecting the 155
bp fragment of IS900 was performed using template DNA
from both microdissected granulomas and whole tissue
sections. PCR was performed twice and had a minimum ratio
of 2:1 Crohn’s tissue: disease control tissue per run.
All reactions were carried out on an Eppendorf Mastercycler
gradient thermocycler (Eppendorf, Hamburg, Germany), and
using Qiagen HotStarTaq Master Mix kit reagents (Qiagen).
The reaction mix for the first round of PCR contained primer
mix at 0.5–1 µM final concentration, and 10 µl DNA isolate.
The reaction mix for the second round of PCR, nested or nonnested, contained 1 µl of the primary PCR product. Aliquots of
completed PCR reactions were run on a 2% agarose gel using
SYBR Green 1 nucleic acid stain (Amresco Inc, Ohio, USA) as
per manufacturer’s instructions, and visualised at 302 nm
with a transilluminator. New primers were designed using
Lasergene Primerselect software (DNASTAR Inc, Madison,
WI, USA).
Methods used to prevent contamination
Mixing of PCR reagents was done in a separate laboratory area
from that where template DNA was added. Before addition of
template DNA, each reaction mix was first placed in ultraviolet
light of wavelength 254 nm and intensity 30 000 µJ/cm2 for
four minutes to destroy any contaminating DNA. Negative
controls containing no DNA were used in every PCR reaction.
Filter plugged pipette tips were used throughout the entire
process.

Confirmation of PCR product amplification
Unused PCR product was purified in a centrifuge column with
the Qiaquick PCR purification kit (Qiagen). The purified DNA
was precipitated with ethanol and DNA sequence analysis was
performed (MWG AG Biotech, Ebersberg, Germany). Product
specificity was confirmed by comparison with the published M
paratuberculosis IS900A sequence on the EMBL GenBank DNA
sequence database, accession number X16293. The nested PCR
product spans nucleotides 583–737 (155 bp) of this sequence.

RESULTS
Amplicon size affects reliability of PCR from formalin
fixed tissue
To examine how amplicon size affected PCR amplification of
target genes from formalin fixed DNA, primer pairs amplifying larger and smaller fragments of the human APC gene were
used (fig 2). In 16 test samples of template DNA, the larger
APC gene fragment could only be detected in four of eight
whole tissue sections and one of eight microdissected granulomas. The smaller APC gene sequence amplified consistently
in all of the same samples (16 of 16). This demonstrated that
amplification of smaller target sequences from formalin fixed
tissue was more reliable. This was as expected given that formalin fixation results in widespread nucleic acid and protein
cross linkage, with the result that DNA extracted from formalin fixed tissues is fragmented into sequences of variable
size.26 It has been reported that because DNA is fragmented
amplification of longer sequences (>250 bp) is inconsistent in
this type of specimen.27 28 The effect was exaggerated in microdissected samples because the number of cells per sample was
comparatively small (102–103 compared with 106–107 in whole
tissue sections), with proportionally less chance of finding the
target sequence intact.

Figure 2 Differences in target fragment length affects ability to reliably amplify sequences in formalin fixed tissue. (A) PCR amplification of a
435bp target sequence of the APC gene was positive in one of eight microdissected granulomas and four of eight whole tissue sections; (B)
PCR of a shorter 133bp target sequence of the APC gene was positive in all (16 of 16) of the same samples.
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Detection of Map DNA in microdissected granulomas
The ability to reliably amplify target sequences of M paratuberculosis was similarly affected by fragment size (fig 3). Nested
PCR amplifying larger fragments of the Map specific IS900
insertion sequence used previously published primers amplifying a 413 bp primary fragment,25 and newly designed primers amplifying a 328 bp nested fragment. In Map culture positive bovine intestine, this nested PCR detected Map in four of
four whole tissue sections but did not detect Map in any of four
microdissected granulomas. In contrast, when primers were
designed to amplify a 193 bp primary and a 155 bp nested
IS900 fragments, the smaller 155 bp fragment was detected
consistently in all whole tissue sections and also in all microdissected granulomas. This indicated that smaller IS900
sequences should be targeted to permit reliable detection of
Map DNA in microdissected granulomas. Disease control samples for this PCR were from microdissected samples and whole
tissue sections of cholesterol granuloma of breast and
mediastinal node sarcoidosis. These control samples were
negative for Map in four of four microdissected granulomas
and four of four whole tissue sections.
Detection of M paratuberculosis in Crohn’s disease
tissues
Subepithelial granulomas were isolated using LCM from 15
surgical Crohn’s disease specimens. All microdissected granulomas and whole tissue sections were positive for the smaller
fragment of the APC gene, indicating that amplifiable DNA
was isolated effectively from each sample. Using nested PCR to
detect the 155 bp IS900 sequence, Map DNA was detected in
microdissected granulomas in 6 of 15 cases, and in whole tissue sections in 3 of 15 cases (fig 4). The PCR system (primary
+ nested) was performed twice with >93% concordance

between results—in one granuloma Map was detected in only
one of the two PCR runs. All three positive whole tissue
sections had Map positive corresponding granulomas. Importantly, the other three Map positive granulomas were negative
on PCR examination of whole tissue sections. This indicated
that LCM isolation of granulomas allowed detection of Map
microorganisms that were missed by examination of whole
tissue sections. Microdissected granulomas and whole tissue
sections of cholesterol granuloma of breast and mediastinal
node sarcoidosis were negative throughout, as were PCR tubes
where no template DNA was added. All 10 specimens (table 1)
of microdissected non-Crohn’s bowel granulomas were also
Map negative, and Map was detected in only one of ten corresponding whole tissue sections examined. DNA sequencing
confirmed that detected 155 bp PCR products were 100%
identical to the targeted IS900 fragment.

DISCUSSION
The hypothesis that an occult infectious micro-organism is the
aetiological agent in Crohn’s disease has been neither proved
nor disproved conclusively. Attempts to detect Map in Crohn’s
tissue using PCR are numerous and contradictory, with more
than 12 negative and more than eight positive reports.8 9 Previously reported positive results may have been attributable, in
part, to contaminating luminal Map micro-organisms, the significance of which is uncertain. Use of the laser capture
microscope to precisely isolate subepithelial granulomas
permitted analysis of genomic DNA solely from this target
area, and thus prevented contamination from the lumen.
Granulomas were targeted, as they were the most likely
repositories of occult mycobacteria.10 In 6 of 15 cases of
Crohn’s disease examined, Map DNA was detected within
microdissected granulomas.

Figure 4 Detection of Map DNA in Crohn’s disease microdissected granulomas. Two representative cases of Crohn’s are shown (each with
Map positive microdissected granuloma and Map negative whole tissue section) along with a disease control (sarcoid) and a positive control
(Map positive bovine granuloma).
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Figure 3 Reliable detection of Map DNA using nested PCR. (A) Nested PCR targeting a 413bp and then a 328bp sequence of IS900. Gel
electrophoresis of the 328bp nested product was positive in Map positive bovine tissue sections but not in bovine microdissected granulomas.
Control samples from microdissected granulomas and whole tissue sections of cholesterol granuloma of breast and mediastinal sarcoidosis
were negative; (B) nested PCR targeting a 193bp and then a 155bp sequence of IS900 in the same samples. Gel electrophoresis of the 155bp
nested product was positive in Map positive bovine tissue sections and bovine microdissected granulomas, and negative in control samples.
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In this study archival formalin fixed tissue was used to permit accurate recognition of granulomas. However, the formalin fixation process results in fragmentation of extracted
DNA,26 and this leads to difficulty in PCR amplification of target sequences longer than 250 bp.27 28 This was overcome in our
study by targeting smaller gene sequences. The increased reliability of this strategy was seen with PCR of both the APC
“housekeeping” gene and the IS900 sequence. While recent
studies suggest that IS900 elements may be found in other
mycobacterial subspecies in settings not encountered in this
study,29 30 the Map specificity of the IS900 fragment targeted by
our new primers was confirmed by sequence homology
searches.
Map DNA was detected in 40% of Crohn’s cases where
microdissected granulomas were examined, but only half of
the granuloma positive cases had corresponding whole tissue
sections that were positive for Map. The greater detection rate
of Map in LCM isolated granulomas compared with whole tissue sections may have been attributable to better targeting of
Map DNA in granulomas—PCR may suffer loss of sensitivity
because of the potential dilutional effect of the large quantities
of non-target DNA found in whole tissue sections.25 The
association of Map with the granulomatous form of Crohn’s
disease has been reported previously with in situ hybridisation
using a labelled IS900 fragment, although interestingly Map
was not localised to granulomas but to macrophages and
myofibroblasts.31 When the reliability of the method used to
isolate DNA from Gram positive bacteria was assessed, using
tissue spiked with cultured Listeria monocytogenes, it was found
to be inefficient (data not shown). Therefore it is possible that
the Map detection rates may be an underestimate of true incidence. However, as Map is commonly present in cell wall deficient forms in Crohn’s patients,4 31 the PCR detection rate may
be a reliable estimate of true incidence.
These findings may partially explain the lack of consensus
arising from previous studies. Failure to detect Map in some
studies may have been attributable to inefficient amplification
of long sequences (>250 bp).19 Increased sensitivity of detection of Map DNA with smaller target sequences in Crohn’s disease tissue samples has been noted in other studies.21 32 Other
inconsistencies may have arisen where superficial biopsy
samples were used,20 33–36 either because of contamination from
the lumen or limited sensitivity associated with fewer granulomas in such samples.
The significance of reliable detection of Map DNA in Crohn’s
disease tissues remains debateable. The absence of Map in
control granulomas and in 9 of 10 control whole tissue
sections suggests a positive association with Crohn’s disease.
However, previous studies have reported a lack of detectable
mucosal bacteria in non-IBD control samples.37 38 Increased
detection of Map within the gut wall may be representative of
generalised dysregulation of mucosal-bacterial interaction
and of increased mucosal permeability.7 These DNA fragments
may also represent simple transit as cellular debris within
macrophages or serve to maintain immune tolerance via the
dendritic cell system.39 They may also indicate that Map can
influence the mucosal cytokine milieu as occurs with
commensal bacteria.40 In this manner Map DNA might have an
indirect impact on the pathogenesis of Crohn’s disease, and its
presence does not require an infectious or transmissible
hypothesis.
In conclusion, the results of this study indicate that M
paratuberculosis cannot be excluded from having a potential
role in the pathogenesis of a subset of cases of Crohn’s disease.
However, the presence of Map DNA within granulomas does
not necessarily imply a direct or simple aetiology with a transmissible agent, and the relation may be more complex and
indirect including a modifying effect on the local immune
response.
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