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ABSTRACT

Background/Aim: In celiac disease (CD), there is increased mRNA coding for tissue transglutaminase (tTG)
and interferon gamma (IFNy). In seronegative celiac patients, the mucosal immune complexes
anti-tTG IgA/tTG are found. We assayed tTG- and IFNy-mRNA in the mucosa of patients
with a clinical suspicion of seronegative CD and correlated the values with intraepithelial CD3
lymphocytes (IELs). Materials and Methods: Distal duodenum specimens from 67 patients were retrieved
and re-evaluated for immunohistochemically proven CD3 IELs. Five 10 um sections were used for the
extraction and assay of tTG and IFNy coding mRNA levels using reverse transcriptase real-time polymerase
chain reaction (RT-PCR). Samples from 15 seropositive CD patients and 15 healthy subjects were used as
positive and negative controls. Results were expressed as fold-change. Results: Our series was divided
into three groups based on IEL count: >25 (14 patients: group A), 15-25 (26 patients: group B), and
0-15 (27 patients: Group C). tTG-mRNA levels were (mean + SD): CD = 9.8 £ 2.6; group A =10.04 +4.7;
group B=4.99+2.3; group C=2.26 £ 0.8, controls =1.04 + 0.2 (CD = group A > group B > group C = controls).
IFNy-mRNA levels were: CD =13.4 + 3.6; group A =7.28 £3.6; group B=4.45+2.9; group C=2.06 +1.21,
controls = 1.04 + 0.4. Conclusions: Our results suggest that tTG- and IFNy-mRNA levels are increased
in both seropositive and potential seronegative patients with CD, showing a strong correlation with the
CD3 IEL count at stage Marsh 1. An increase in both molecules is found even when IELs are in the range
15-25 (Marsh 0), suggesting the possibility of a “gray zone” inhabited by patients which should be closely
followed up in gluten-related disorders.
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Although seronegative celiac disease (SNCD) represents
a known clinical entity, it is still a diagnostic challenge.
The disorder is defined by the following peculiarities:
(a) Negative anti-tissue transglutaminase (tTG) IgA and
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anti-endomysium antibodies,! (b) human leukocyte
antigen (HLA) compatibility (DO2-DOS haplotypes) with
celiac disease (CD), and c¢) a histological picture of the distal
duodenum showing intraepithelial CD3 lymphocytes (IELs)
more than 25/100 enterocytes, the so-called Marsh stage 1.1
However, this remains debatable as there is evidence suggesting
that only a minority of patients with an increased IEL count
and negative t TG antibodies are actually affected by CD.!*!

In 2005, by immunohistochemistry, Kaukinen et al.
demonstrated the possibility of finding tTG-targeted
mucosal IgA immune complex deposits in the intestinal
mucosa of patients with SNCD.!"! In 2008, this feature was
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confirmed by double immunofluorescence by Tosco et al.,
who showed the presence of IgA anti-t TG antibody deposits
in the small intestinal mucosa of children with SNCD at
Marsh stage 1.

Finally, there is evidence that mRNA coding for tTG is
strongly over-expressed in the mucosa of a large population
of patients with CD."”) Recently, reports by our group!'”’ and
others!""'? demonstrated the possibility of obtaining mRNA
from paraffin-embedded biopsy samples.

Interferon gamma (IFNy) is a pro-inflammatory cytokine
that plays a crucial role in gluten-related inflammation,
as it is fundamental in the amplification of the mucosal
immune response,!”’) increasing the gliadin flux from the
intestinal lumen to the submucosa.'"! This molecule too, is
over-expressed in the mucosa of subjects with CD,"!I and
high levels are found in peripheral blood of subjects affected
by CD, which are produced by gluten-reactive T cells.!'*!

This was the rationale for the present study in subjects with a
clinical suspicion of SNCD. We measured mRNA coding for
tT'G and IFNy in the mucosa, in order to evaluate a possible
correlation with IELs.

MATERIALS AND METHODS

Patients

We retrospectively retrieved duodenal biopsy specimens from
67 adult patients with a clinical suspicion of CD observed
in the period August 2012-2013. Collection and processing
had been performed according to Biospecimen Reporting for
Improved Study Quality (BRISQ) recommendations.!"”! Oral
consent to treat and manage biological samples was obtained
by phone interview. Inclusion criteria were: Diarrhea,
dyspeptic symptoms, clinical and biochemical signs
of malabsorption, known associated autoimmune
disorders, negative serum detection of anti-tTG IgA and
anti-endomysium, and positivity for CD-related HLA
haplotypes. The following exclusion criteria were adopted
according to the literature, to rule out other causes of
duodenal injury or lymphocytosis:'**! Crohn’s disease or
ulcerative colitis, Helicobacter pylori infection, congenital
and acquired immune-deficiencies (except for [gA deficit, a
condition well-known to be associated with CD), intestinal
bacterial overgrowth syndrome, allergy to food proteins other
than gluten, connective tissue diseases, chronic non-steroidal
anti-inflammatory drugs or Olmesartan intake, and intestinal
infections. This last point was managed according to the
American Gastroenterological Association Guidelines for
both classification and specific detection of infective causes
of small bowel inflammation."” All patients underwent
a full blood count, fecal calprotectin test, evaluation of
immunoglobulins, urea, glucose and lactulose breath test,
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skin patch test, and radioallergosorbent test (RAST) for
wheat allergy. In selected cases, when an inflammatory bowel
discase was suspected, a colonoscopy was performed. In all
subjects, HLA haplotypes had been investigated, which
yielded the following results: DO2 HLA: 52.2%, DOS HLA:
20.9%, DO2 plus DOS: 11.9%, DOA1*0501 14.9%. All

subjects were on a diet containing gluten.

Histology and immunohistochemistry

Histological examination was performed on Hematoxylin—
Fosin stained sections. Immunohistochemistry of CD3
lymphocytes was performed using monoclonal murine
antibody (Novocastra Leica Biosystems Ltd, Newcastle, UK),
according to the manufacturer’s instructions.??!) Samples
froml5 seropositive CD patients and 15 healthy subjects
were used as positive and negative controls, respectively. In all
subjects, IELs were counted in a field containing at least 1000
enterocytes and expressed as number per 100 enterocytes.
The count was confined to the epithelial layer and performed
by two observers (DP and FB) in a blinded fashion.

Molecular analysis

Reverse transcriptase real-time polymerase chain
reaction (RT-PCR) can detect the expression of genes
dedicated to the synthesis of a specific molecule and quantify
the transcription levels. Therefore, in this study, the technique
was used to detect the amount of mRNA coding for t G2 and
IFNy. The quantity was expressed as fold-change compared
to controls. The relative expression of the studied gene levels
was calculated with the 22T method. RNA was extracted
from at least five sections of 10 wm paraffin blocks using the
RNeasy FFPE Kit (Qiagen, GmbH, Heidelberg, Germany),
specifically designed for the purification of total RNA from
formalin-fixed paraffin-embedded (FFPE) tissue sections.!"!
Although the specimens were collected in the period August
2012-2013, the RNA extraction was done within 3 months
of the paraffin embedding to ensure the purity and integrity
of the extracted RNA according to the Qiagen protocol. Five
hundred microliters of xylene were added to the sections to
yield a solution that was vortexed for 10 s and then incubated
for 10 min at room temperature (25°C). Subsequently, 500 ul
of absolute ethanol was added and the novel solution was
again vortexed vigorously for 10 s and centrifuged for 2 min
at 11,000 rpm. The supernatant was carefully removed by
pipetting without disturbing the pellet. Finally, the mRNA
concentrations were estimated by ultraviolet absorbance at
260/280 nm. We performed the agarose formaldehyde gel
run to confirm the RNA integrity. Imaging analysis after
this procedure was performed with the Bio-Rad Chemidoch
Analyzer (Bio-Rad Laboratories S. r. 1., Milan, Italy).
Aliquots of total mRNA (1 mg) were reverse-transcribed
using random hexamers and TagMan Reverse Transcription
Reagents (Applied Biosystems, Foster City, CA, USA) in a
final volume of 25 ul. A series of six serial dilutions (from



20 to 0.1 ng/ml) of colon tissue DNA (cDNA) was used as
template. Two-step reverse transcription PCR was performed
using the first-strand ¢cDNA with a final concentration of
1 x TagMan gene expression assay, 1. ¢. the analyzed molecules
and glyceraldehyde-3-phosphate-dehydrogenase as reference
gene (Applied Biosystems, Foster City, CA). The final reaction
volume was 25 pl and analyzed in triplicate (all experiments
were repeated twice). A non-template control (Rnase-free
water) was included on every plate. Our method was further
validated by including in each assay fresh samples from
three normal patients, frozen at —90°C until the analysis.
These samples were treated with the same technique as the
paraffin-embedded samples, except for the paraffin removal
and rehydration procedures. Specific thermal cycler conditions
were employed using a real-time PCR System (Applied
Biosystems). A standard curve plus validation experiment was
performed for each primer/probe set. The reference gene was
represented by glyceraldehydes-3- phosphate dehydrogenase.
Primers and probes are reported in Table 1.

Statistical analysis

Comparison among the data obtained in our groups of patients
was performed by one-way analysis of variance (ANOVA) and
Bonferroni’s test as post-hoc analysis for continuous data.
The y* test for trend was used to compare percentages
or proportions. Correlations between IFNy and tTG were
assessed by Pearson’s test. Significance was set at P < 0.05.
Diagnostic agreement for the IEL count was tested by
calculating the weighted k statistics coefficient interpreted
in accordance with the Landis and Koch benchmarks,
whereby a value of more than 0.8 indicated excellent
agreement. Statistical analyses were performed using the
statistical software GraphPad Prism version 5.00 for Windows
(GraphPad Software, San Diego, CA, USA).

RESULTS

A total of 112 patients were retrieved and 607 satisfied the
inclusion criteria, as shown in Figure 1. Demographic
and clinical features of our population are reported in
Tables 2 and 3, respectively. Histology demonstrated a brush
border thickness reduction in 2§ patients and mild villous
blunting in 8 patients. Analysis of the agreement about

Table 1: Primers and probes used for the assay
of mMRNA encoding for tissue transglutaminase 2
and interferon gamma in the intestinal mucosa of
paraffin-embedded biopsy samples
Tissue transglutaminase 2
Primer forward: ATAAGTTAGC

Interferon gamma
Primer forward: CGCTTTA

GCCGCTCTCC CTTTATAGAAAACCTGGA
Primer reverse: CGGTGGCTC Primer reverse: TCAATGA
CTTCCACTG AGAGAACTTGGTCATTC

Probe: GCCAGCCGCCAGTG Probe: GCTTGAATCTAAA

Seronegative celiac disease mucosal pattern

the calculation of IELs between the observers provided

k = 0.87 [95% confidence interval (CI) = 0.76-0.98].

On the basis of the IEL count per 100 enterocytes, our
study group was divided into three groups: A (14 patients):
IELs >25 [Figure 2a]; B (26 patients): IELs from 15 to 25
[Figure 2b]; and C (27 patients): IELs <15 [Figure 2¢|. The
age (mean, range, and standard deviations) was homogeneous
among the groups with no significant differences [Table 2].

The mucosal expression of tTG-mRNA in the three
groups, as well as in positive and negative controls is
reported in Figure 3. In detail, group A showed similar
results when compared to positive controls (9.8 £ 2.6 vs
10.04 = 4.7), group B showed significantly higher values
than negative controls (4.99 = 2.3 vs 1.04 = 0.2), and
group C did not show differences from healthy subjects.
ANOVA plus Bonferroni’s test demonstrated: Positive
controls = group A > group B > group C = negative
controls. In conclusion, seronegative patients showed
significantly increased levels of t1T'G in relation to a number
of IELs > 15, but they paralleled the values of CD patients
only in the [ELs > 25 group.

IFNy-mRNA values are reported in Figure 4. In detail,
group A showed higher values than groups B and C,
but lower values than positive controls (13.4 = 3.6
vs 7.28 = 3.6), while group B showed significantly
higher values than negative controls (4.45 = 2.9) and
group C did not show any differences from healthy
subjects. ANOVA plus Bonferroni’s test showed: Positive
controls > group A > group B > group C = negative controls.
In conclusion, scronegative patients showed significantly
increased levels of [IFNy in relation to a number of [ELs > 15,
but unlike the tT'G values, they did not completely parallel
the values of CD except in the IELs >25 group.

112 initially considered
with histological diagnosis
suggestive of celiac disease and
seronegativity for anti-
transglutaminase

45 subjects excluded

* 11 Helicobacter pylori infection

+1 Giardia lamblia infection

+1 sclerodermia

"] +5 Crohn’s disease

+1 small intestinal bacterial

*2 common variableimmune deficiency
24 assuming long term NSAIDs

y

| 67 patients enrolled |

Figure 1: Flow diagram illustrating the study design and patient
selection process
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Pearson’s test revealed a good positive direct correlation
between IFNyand t TG, with an rvalue of 0.81 (P < 0.0001). In

Table 2: Demographic characteristics of the studied

subjects
Group Age (meant Female/
standard male
deviation) ratio
Group A: [ELs >25 (n=14) 37.64+14.01 9/5
Group B: IELs 15-25 (n=26) 31.31+10.31 17/9
Group C: IELs <15 (n=27) 34.44+12.77 18/9
Negative controls: Healthy (n=15) 33.03+14.26 10/5
Positive controls: Seropositive CD (n=15)  36.30+£14.75 9/6

P value not significant for age (0.47) and sex proportion (0.21) according to
ANOVA test

Figure 2: CD3 immunohistostaining in a group A patient with
suspected SNCD (a) (IELs >25 per 100 enterocytes) in a group B
patient (b) (IELs = 15-25 per 100 enterocytes) and (2c) in a group C.
patient (IELs <15 per 100 enterocytes) Positive cells are stained
brownish (diaminobenzidine — arrow) and negative cells counterstained
blue (hematoxylin)
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Figure 4: Mucosal expression of mMRNA coding for IFNy detected by
RT-PCR and expressed as fold-change. Statistical analysis shows:
positive control > group A > group B > group C = negative controls.
***P < 0.001; *P < 0.05
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particular, the correlation was stronger in groups A (r = 0.69;
P = 0.0064) and B (r = 0.72; P < 0.0001) than in
group C (r = 0.62; P = 0.00006). Figure 5 shows a scatterplot
illustrating the correlation.

DISCUSSION

SNCD is a clinically well-defined condition, P which may be
suspected when clinical features of CD are associated with
conflicting results using diagnostic tools. For these reasons,
there may be some pitfalls underlying the diagnosis of SNCD,
which can result in a misdiagnosis with potential dangers in
the long term. Currently, histological aspects (villous damage
and IEL count) associated with gluten “challenge” are the
most reliable method to detect SNCD.12) However, patients
are poorly compliant to this practice because they are afraid
of interrupting the gluten free diet GFD. On the other hand,

Tissue Transglutaminase
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Figure 3: Mucosal expression of mRNA coding for tTG detected by
RT-PCR and expressed as fold-change. Statistical analysis shows:
positive control = group A > group B > group C = negative controls.
***P < 0.001, **P < 0.01
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Figure 5: Scatterplot illustrating the relationship between tissue
transglutaminase and interferon gamma. Pearson’s r index and
P values are illustrated in the text



in many countries, a GFD is not allowed by National Health
Systems even in the presence of seropositivity in cases with
a Marsh 0 and 1 histological picture. Therefore, the need for
new insights into this controversial topic is evident.

In this study, we correlated immunohistochemically proven
IELs (considered an appropriate diagnostic tool for doubtful
CDE21) with mucosal levels of mRNA coding for both tTG,
which has been shown to be strongly increased in CD, %
and IFNy, a pro-inflammatory cytokine in gluten-induced
inflammation.?*! Many studies in literature have demonstrated
a strict correlation between IELs and serum anti-tTG
antibodies.1”®) However, very little evidence has correlated
mucosal t TG-mRNA to IE Ls. Studies which correlated [ELs to
mucosal t I'Ghave been performed only in pediatric populations!®
and, in these cases, techniques (immunohistochemistry or
double immunofluorescence) other than molecular biology
have been applied.

Our results show an interesting correlation between
tTG-mRNA mucosal expression and the IEL count.
Other studies have analyzed the protein expression in
SNCD. Although a gene transcribed into mRNA does not
necessarily mean that the protein is synthesized, there is
evidence of a strict correlation between tTG-mRNA levels
and tTG immunohistochemical expression in the intestinal
mucosa.?’l Moreover, since our study was retrospectively
performed on paratfin-embedded samples, we decided to
apply RT-PCR as this technique is less operator-dependant

than immunohistochemistry or immunofluorescence.

Our findings confirm the baseline hypothesis, i.e. the
presence in SNCD of tTG-targeted mucosal IgA immune
complex deposits in the intestinal mucosa, which could
account for both the increased mucosal t TG expression and
the lack of a serological immune response. A further clue may
be found in the report of Salmi et al.,/**! who evaluated the link
between the immune complex components using potassium
thiocyanate and demonstrated a very strong chemical bond
between antigen (tTG) and antibody (anti-tTG IgA).
Therefore, it may be argued that anti-t T'G could be confined
to the site of production and does not pass into the systemic
circulation in SNCD. A single case report confirmed this
finding, demonstrating significantly higher tT'G-mRNA in
a patient with SNCD than in controls, and also that GFD
was able to restore normal levels of duodenal t TG-mRNA. 2!

Unlike tTG, IFNy showed a mucosal pattern characterized
by an increased mucosal expression, although this did
not reach that of positive controls. On the other hand,
group C (IELs <15) showed a similar IFNy pattern to
negative controls, as also tTG. A possible explanation for
these data might be a qualitative more than a quantitative

Seronegative celiac disease mucosal pattern

difference in the population of IELs. Indeed, Forsberg
et al.® have demonstrated that IELs are constituted by
different subpopulations. IELYS produce small amounts
of IFNy. A second explanation for our finding is that IFNy
levels are strongly correlated with villous atrophy.®” Since
this aspect is not marked in SNCD,P! the moderately
increased IFNy mucosal levels in this condition could
presumably be related to the mild villous degeneration.
Finally, Westerholm-Ormio et al.’¥ found that a moderate
increase of IFNy characterizes potential, more than overt
CD and, in this case, IELs are predominantly IELyS. The
strong correlation (r = 0.81) found in our series is consistent
with a report by Bayardo et al.l”®) demonstrating that the
expression of t1T'G in the intestinal mucosa is enhanced
by IFNy.

Finally, the clinical pattern of the enrolled patients,
shown in 'Table 3, invites some interesting conclusions. In
particular, subjects with a more severe [ELs infiltrate more
commonly suffer from diarrhea, bloating, weight loss, and
iron-deficiency anemia. Thus, we may hypothesize that
these symptoms may be more casily associated with SNCD.
Indeed, a clinical pattern with these conditions is commonly
associated with organic disorders such as CD.P!

In conclusion, the results of this study suggest the following

points:

e Patients with IELs <15 per 100 enterocytes may be
considered non-celiac

e Patients with IELs >25 per 100 enterocytes may be
considered celiac even if mainly Marsh stage 1, and with
a doubtful indication for a GFD

e Patients with IEL values between 15 and 25 per 100
enterocytes may be considered to inhabit a “gray zone,”
in which there may be both very mild and potential forms
of CDI??!

* Mucosal expression of tTG and IFNy detected by
RT-PCR in paraffin-embedded biopsy samples may offer,
in the near future, a synergic tool supporting the IEL
count in doubtful cases of SNCD.

A final mention should be made of the dispute about whether
patients with a histological picture of Marsh 1 should be put
on a GFD diet.’ Leffler et al.®® have recently emphasized
the ineffectiveness of a GFD in this group of subjects.
However, another study®! demonstrated that normalization
of IELs is obtained after a GFD in patients with both Marsh
1 and Marsh 2 histological picture, and this is associated with
an improvement of the symptoms. Our aim was to explore
the molecular pathways of CD in patients with the clinical
suspicion of a seronegative form of the disorder and did not
aim to provide clear therapeutic indications. However, this
study suggests that the submerged part of the CD “iceberg”
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Table 3: Clinical features of the 67 studied subjects

Clinical features or Total Group A
associate condition n (%) n (%)
Diarrhea 38 (56.7) 13/14 (92.9)
Constipation 12 (17.91) 114 (7.1)
Bloating 49(73.13) 5/14 (35.7)
Loss of weight 15(22.38) 9/14 (64.3)
Thyroid disorders 15(22.38) 3/14 (21.4)
Iron deficiency anemia 9(13.43) 4/14 (28.6)
Folate deficiency 10 (14.92) 2/14 (14.3)
IgA deficiency 2(2.98) 114 (7.1)
Migraine 1(1.49) 0(0)
Peripheral neuropathy 1(1.49) 0 (0)
Panic attacks 1(1.49) 0(0)
Hypertransaminasemia 2 (2.98) 1(7.1)
Anti-nucleus antibody positive 3(4.48) 1(7.1)

Group B Group C P value difference among
n (%) n (%) groups A, B, and C
15/26 (57.7) 10/27 (37.0) 0.002
6/26 (23.1) 5/27 (18.5) 0.45
22/26 (84.6) 22/27 (81.5) 0.002
4/26 (15.4) 2/27 (7.4) 0.001
6/26 (23.1) 6/27 (22.2) 0.99
5/26 (19.2) 0(0) 0.02
6/26 (23.1) 2/27 (7.4) 0.28
1/26 (3.8) 0/27 (0) 0.42
1/26 (3.8) 0/27 (0) 0.45
1/26 (3.8) 0/27 (0) 0.45
1/26 (3.8) 0/27 (0) 0.45
1/26 (3.8) 0/27 (0) 0.42
1/26 (3.8) 1/27 (3.7) 0.86

Statistical comparisons were performed using 2 test for trend

should be paid more attention. Indeed, rather than exploring
the effects of a GFD in group A and B subjects, which
could be expensive and not covered by our National Health
System, we believe that these patients should be seriously
considered for closer follow-up in order to detect an increased
predisposition to develop CD.
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