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Absence of Mycobacterium avium subsp.
paratuberculosis in the microdissected
granulomas of Crohn’s disease
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The etiology of Crohn’s disease remains unknown with inflammatory, infectious, and/or genetic causes
suspected. Granulomatous inflammation is a characteristic feature of the disorder, resembling the tissue
response to mycobacterium. Mycobacterium avium subsp. paratuberculosis (MAP) is the causative agent in
Johne’s disease, a chronic ulcerative intestinal condition in cattle, and has been implicated as a likely
candidate. We carefully microdissected the granulomas from the paraffin-embedded resection specimens of 18
patients with well-established Crohn’s disease. The DNA obtained was PCR amplified for the 1IS900 and 1S1311
repeat elements of MAP, PCR product size maintained at 101 and 124 base pairs, respectively. Archival tissue
from bovine Johne’s disease was used as a positive control. MAP-specific DNA, confirmed by sequencing and
comparison with prototype strain sequence, was appropriately amplified from the positive control. None of the
Crohn’s disease cases yielded a positive amplification product, failing to support a role for the organism in the

pathogenesis of this illness.
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Crohn’s disease is a chronic idiopathic inflamma-
tory disease that can involve any region of the
gastrointestinal tract from the mouth to the anus.
The etiology of this disorder is unknown, with
genetic, immunologic, and infectious factors impli-
cated. An increased prevalence in first-degree
relatives and monozygotic twins of affected patients
suggests a genetic predisposition. An inciting factor
(presumably environmental) may then result in an
abnormal, sustained immunologic response in the
patient. Alternatively, genetically predetermined
abnormalities in the gastrointestinal tract may
predispose to increased susceptibility to infectious
or toxic damage.

Histologically, Crohn’s disease is characterized by
skip lesions and transmural inflammation, with a

Correspondence: Dr FK Baksh, MD, Department of Pathology,
Lancaster General Hospital, PO Box 3555, 555 N Duke St,
Lancaster, PA 17604-3555, USA.

E-mail: fkbaksh@lancastergeneral.org

This study was presented at The United States and Canadian
Academy of Pathology 89th Annual Meeting, New Orleans, LA,
March 2000.

Received 30 October 2003; revised 12 April 2004; accepted 26
April 2004; published online 21 May 2004

characteristic though not obligate feature of the
disease being granuloma formation. It bears a
clinicopathologic resemblance to Johne’s disease, a
chronic ulcerative intestinal disease in cattle, for
which the etiologic agent is known to be M. avium
subsp. paratuberculosis (MAP). This resemblance
and the presence of granulomas in Crohn’s disease,
has made MAP a putative etiologic agent, although
the intestine in Johne’s disease admittedly contains
millions of mycobacteria as opposed to Crohn’s
disease.

Numerous authors have explored the link be-
tween MAP and Crohn’s disease using various
methods on biopsies, resections, fresh, frozen,
and paraffin-embedded tissue, with variable
results.’™® However, if MAP and Crohn’s
disease are etiologically related, then intuitively
the granulomas that are characteristic of the latter
should harbor the organism. Indeed, some authors
have associated the ability to identify MAP DNA
with the presence of granulomas,”* while others
have not.> To address this issue, we sought to
identify specific MAP sequences from carefully
microdissected granulomas in patients with
well-characterized Crohn’s disease using a PCR-
based technique.
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Materials and methods

Pathology reports from the MARS archival system
of the University of Pittsburgh Medical Center
(Presbyterian and Shadyside hospitals) were
searched using the keywords ‘Crohn’s disease’
and ‘granulomas’. The resulting reports were exam-
ined and only resection specimens submitted
with the clinical diagnosis of Crohn’s disease,
and reported to contain granulomas were further
studied. The H&E slides of these cases were then
reviewed along with the clinical and radiologic
reports from the medical records. One case with
probable Yersinia enterocolitis, three cases of ulcera-
tive colitis with mucin granulomas, and cases of
Crohn’s disease with small and scattered granulo-
mas were excluded. Paraffin blocks were unavail-
able in two additional cases, and recut sections
for microdissection contained no granulomas in
another two. A total of 18 cases were then available
for study.

Microscopic foci of granulomas were microdis-
sected from multiple 4 ym thick histologic sections
under stereoscopic observation, so as to provide
sufficient tissue for amplification, with minimal
contamination by surrounding nongranulomatous
material. The samples were then treated with 50 ul
of Proteinase K (10mg/ml) for 2h and boiled for
5min to remove enzyme activity. The DNA obtained
was then PCR amplified using two separate reac-
tions, each targeted at distinct repeat elements in the
MAP genome (IS900 and 1S1311). PCR amplification
was performed in a routine manner according to the
manufacturer’s instructions (GeneAMP, Applied
Biosystems) with cycling parameters of denatura-
tion, annealing and polymerization being 95°C
(1 min), 55°C (1 min) and 72°C (2 min) for 40 cycles.
The IS900 insertion element is specific for this
organism, and the primers used were 5-GGAGC
GATTTCGCCGCCA-3' (upstream), and 5-GTCG
GCGGAGGCGAATGC-3' (downstream). The IS1311
element is also present in Mycobacterium avium,
and the primers were 5'-GCCGGTCCGCATGA
ACGG-3’ (upstream), and 5-GGAATCCGCAACTC
CAAATC-3' (downstream). PCR product lengths
were maintained at 124 and 101bp, respectively
to ensure sensitive detection from the archival
material. A BLAST search was performed on all
primer sequences as well as sequenced amplified
PCR products to confirm the specificity of the
primers.

Archival tissue from bovine Johne’s disease was
used as a positive control, with the microdissected
mucosa similar in size to the granulomas of the
Crohn’s disease cases. Intentional dilution of control
with normal tissue (25% Johne’s:75% normal), was
also performed. The normal tissue was obtained
from sections of grossly unremarkable areas of the
same case, with no histological evidence of inflam-
mation, nor evidence of organisms using a Ziehl-
Neelsen stain. To confirm the integrity of the DNA
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from the archival tissue, the k-ras gene was PCR
amplified in all cases.

Products of nucleic acid amplification were
electrophoresed in a 4% agarose gel and visualized
by ethidium bromide staining. The amplicons
generating strong signals were sequenced using
dideoxy chain termination sequencing carried out
according to the manufacturer’s instructions (Seque-
nase, United States Biochemical Corp., Cleveland,
OH, USA).

Results

The clinicopathologic data of the 18 patients are
shown in Table 1. All patients were diagnosed with
Crohn’s disease using clinical, endoscopic, and
pathologic criteria. Each case showed a transmural
lymphoplasmacytic infiltrate, skip lesions, and was
noteworthy for the presence of numerous noncaseat-
ing epithelioid granulomas (Figure 1a). These were
variably present in the small intestinal wall (n=7),
colonic wall (n=7), draining lymph nodes (n=38),
and ovary (n=1), for a total of 23 sites from the 18
patients. In each case, the granulomas were carefully
microdissected to limit contamination by adjacent
tissue (Figure 1b).

MAP-specific DNA from both IS900 and 1IS1311
insertion sequences was appropriately identified
from control (including diluted) tissue, confirmed
by DNA sequencing and comparison with prototype
strain sequences (GenBank numbers X16293 and
AJ223975, respectively). All cases of human Crohn’s
disease failed to yield a positive amplification
product for either the IS900 (Figure 2), or IS1311
sequences.

Table 1 Clinicopathologic data for Crohn’s disease patients

Case # Sex Age Site of Crohn’s disease Site of granulomas

1 F 33 Colon Lymph node
2 F 19 Terminal ileum/cecum Terminal ileum
Lymph node
3 F 53  Left colon Left colon
Lymph node
4 M 38 Colon Colon
5 F 28  Sigmoid colon Sigmoid colon
Lymph node
6 F 80 Right colon Lymph node
Ovary
7 F 29  Small intestine Small intestine
8 F 65 Sigmoid/rectum Sigmoid colon
9 M 26  Terminal ileum/cecum Terminal ileum
Lymph node
10 M 27  Small intestine Small intestine
11 F 42  Colon Colon
12 F 34 Terminal ileum Terminal ileum
13 F 27  Terminal ileum/cecum Lymph node
14 F 27 Sigmoid colon Sigmoid colon
15 F 18 Terminal ileum/cecum Terminal ileum
16 M 25 Colon Colon
17 M 46 Small intestine Small intestine
18 M 32 Terminal ileum/cecum Lymph node
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Figure 1 Case 4 showing a well-formed noncaseating submucosal granuloma. (a) Before, and (b) after microdissection (H&E x 40).
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Figure 2 PCR gel of products obtained using IS900 (M. avium subsp. paratuberculosis specific) primers. M—control markers; lanes 1—
17—Crohn’s disease with absent or nonspecific amplification bands consistent with absence of amplifiable M. avium subsp.
paratuberculosis DNA; lane 18—undiluted Johne’s disease; lane 19—diluted Johne’s disease (25% Johne’s, 75% normal).

BLAST searches performed on the four primer
sequences and Johne’s disease sequenced products
all showed exact matches with MPT (IS900 and
IS1311 primers and product), and Mycobacterium
avium (IS1311 primers and product). No other
organism showed an exact match, confirming the
specificity of the primers and PCR product. All cases
showed an appropriate amplification product for the
k-ras gene.

Discussion

The underlying premise of our study is that if MAP
is etiologically linked to Crohn’s disease, then the
granulomas characteristic of the latter should harbor
the organism, in a similar manner to tuberculosis.
Indeed, the very presence of these granulomas is a
feature that makes the organism an attractive
causative agent. We thus used the approach of
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carefully microdissecting the granulomas from pa-
tients with Crohn’s disease, thus allowing us to
concentrate any organisms that may be present,
and limit contamination with nongranulomatous
tissue.

Our study failed to amplify DNA from the 1S900
sequence that is specific to MAP.?° We also used an
insertion sequence common to both MAP and
Mycobacterium avium,”* again with a negative
result. Our positive control case of Johne’s disease
showed strong amplification products for both sets
of primers. We intentionally diluted the control
using 75% normal tissue and still obtained a strong
product intensity. The genetic similarity between
MAP strains isolated from Crohn’s disease and
Johne’s disease*” supports the use of the latter as a
positive control in this study. The use of paraffin-
embedded tissue in the control sample also verifies
that our technique can identify DNA from archival
material.

We identified one published study'® that has used
a similar approach to ours, with the only major
apparent difference being the use of a nested-PCR
method. They found six of 15 cases positive for the
IS900 gene while none of 12 control granulomas.
This is in direct contrast to our results. Perhaps their
nested-PCR method provided increased sensitivity,
but using our methods, we have been able to
sequence viral DNA from paraffin-embedded needle
biopsies without histologically and immunohisto-
chemically detectable viral inclusions,* supporting
our ability to detect even clinically insignificant
levels of microorganisms. Conversely, increased
sensitivity may lead to amplification of nonspecifi-
cally present organisms in contaminating lympho-
cytes or other cells as discussed below. Certainly,
microdissection limits this contamination but does
not completely exclude it, with the significance of
this factor increasing with increasing sensitivity of
the PCR reaction. Ryan et al'® also examined the
effect of the length of the PCR product, as DNA
fragmentation from formalin fixation can prevent
amplification of long segments. They used 155bp
and found this to be reliable. We used even shorter
amplicons at 121 and 101bp lengths, to maximize
our detection rate.

Many other studies have used PCR-based methods
to investigate the same association, with no MAP
identified in many, including those using nested-
PCR reactions.*%7:91%1%19 Qther authors have found
a variable number of cases, up to 100%, to harbor
the organism."®>®'°7'%1% Several reasons may be
responsible for the variability in these results.
Differences in patient cohorts, techniques, and
experimental conditions immediately come to mind.
The use of biopsy material for study (as opposed to
resection specimens) would result in an increased
likelihood of inclusion of non-Crohn’s disease
patients in any study of this disorder, as there is
significant overlap in the histologic features of this
and other disorders on superficial mucosal biopsy.**
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Additionally, fresh specimens, although more amen-
able to DNA extraction for PCR than paraffin-
embedded material, have a distinct disadvantage
in that no histologic correlate is available to
determine the nature of the tissue under study (such
as granulomatous vs nongranulomatous; inflamed vs
noninflamed). Thus, different types of tissues are
potentially being compared possibly leading to
differing results. Our study attempted to limit these
factors by wusing only resection specimens,
and histologically confirmed microdissected granu-
lomas.

Ulcerative colitis and control patients have also
been found to be positive for MAP.*7-#1°"'* Thus, the
finding of MAP DNA in Crohn’s disease, including
in paraffin-embedded resection specimens,™'? still
leaves unanswered the question of whether the
organism may be environmentally acquired and
nonspecifically present. MAP has been cultured
from municipal water supplies’ and pasteurized
milk,?*?® suggesting that it may be ubiquitously
present in the environment. Thus, the use of fresh
specimens and entire sections of paraffin-embedded
tissue may include organisms from the gut lumen as
well as those transiently present in the tissue,
producing false-positive results. Another theory is
that the immune dysregulation and altered milieu
present in Crohn’s disease patients makes them
more susceptible to secondary infection, including
by MAP. This may explain the reported increased
detection of MAP in these patients compared to
ulcerative colitis and control patients.>®1%**

The possibility also exists that Crohn’s disease is a
heterogenous group of diseases, with MAP being
one etiologic agent. If this were so, then the
conflicting results in the literature could be ex-
plained by the inclusion of varying proportions of
cases actually caused by MAP. One would however
expect cases with granulomas to be associated with
the organism. This has been suggested in some
studies™® but not others.® These studies did not
however specifically target the granulomas as we
did. The use of in situ hybridization has detected
MAP DNA in myofibroblasts and macrophages of
patients with Crohn’s disease containing granulo-
mas.” This was found more frequently than in
ulcerative colitis, control, and Crohn’s patients with
no granulomas. Interestingly enough however, no
signals were identified in the granulomas them-
selves, again suggesting that the organism may be
secondarily present.

Approaches using antibody titers have shown
conflicting results, with statistically significant
elevated antibody titers found by some authors,?”
but not others.*® From a clinical standpoint, a
double-blinded randomized control trial has found
no benefit from antituberculous chemotherapy in
130 Crohn’s disease patients after 2 and 5 years
follow-up.®**** It is thus clear that MAP as an
etiological agent in Crohn’s disease still remains
controversial.



In conclusion, our inability to identify DNA of the

IS900 and IS1311 sequences from the carefully
microdissected granulomas of well-characterized
cases of Crohn’s disease, fails to support a role for
M. avium subsp. paratuberculosis in the patho-
genesis of this disorder.
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