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Abstract  We investigated gluten-related disorders (GRD) in intestinal biopsy-proven subjects to determine the 
relation between genotype (i.e., Human Leukocyte Antigen (HLA) DQ alleles) and phenotype (i.e., antibody levels 
and clearly defined symptoms). Subjects had known DQ genotypes, information on IgA anti-Endomysial antibodies 
(EMA) and/or anti-tissue Trans Glutaminase (tTG) antibodies (tTGA). Subjects also answered a survey 
characterizing gastrointestinal, skin, and neural symptoms. Though all were biopsy-proven, HLA genotypes 
included all combinations of DQ2.5, DQ2.2, DQ8, DQ7.5, DQ5, and DQ6. Subject antibody levels were 
proportional to the number of DQ2.5 haplotypes, and subjects with non-CD-associated haplotypes did not have 
positive antibody scores (despite positive biopsy). In addition, the total number of GRD-associated symptoms were 
approximately the same across all genotypes. The results suggest that gluten damage and symptoms are independent 
of genotype; i.e., not restricted to people with DQ2.5, DQ2.2, or DQ8 genotypes or to those with positive antibody 
scores. We propose a GRD classification in which clinicians consider GRD symptoms and signs even in people 
without CD-associated genotypes, as these likely make up the majority of those with gluten-related disorders. 
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1. Introduction 

Gluten-related disorders (GRD) are inflammatory 
responses to proteins in wheat, barley, and rye. Though 
the proteins are not identical in the three grains, they form 
similar functional complexes that are referred to as gluten. 
The most relevant protein is the version found in wheat 
and is called gliadin. Humans ingest many dietary proteins, 
most of which (e.g., those from eggs or meats) can be 
completely digested by human intestinal enzymes. 
However, gliadin resists complete digestion because it 
contains high proportions of the amino acids glutamine 
and proline [1]. Fragments of gluten proteins thus remain 
in the intestinal lumen as large peptides and are not 
absorbed for nutritive purposes [2].  

Gliadin causes intestinal epithelial cell tight junction 
remodeling and loss of barrier function [3]. The signs and 
symptoms of GRD are varied, but most (i.e., anemia, 
osteoporosis, and other nutrient malabsorption issues) 
occur because the tight junction modification allows 
gliadin entry into intestinal lamina propria, into blood, and 
across the brain-blood barrier [4]. In the intestinal wall, 
inflammation and infiltration of intraepithelial 

lymphocytes (IEL) [5,6] degrade epithelial cells enough to 
cause nutrient malabsorption [7]. In addition, other body 
regions are affected, as blistering skin conditions [8] and 
cerebellar damage [9] are common. 

GRD can be classified into two separate disorders that 
Sapone et al [10] characterize as gluten sensitivity (GS) 
and celiac disease (CD). Celiac Disease appears to result 
from an acquired immune response, sometimes called 
“adaptive” [6] or “reactive” [11]. It thus is characterized 
by genotype-specific antibody production. GS is 
sometimes described as non-celiac gluten sensitivity 
(NCGS) or non-celiac wheat sensitivity (NCWS) [12]. We 
will use the term NCGS for clarity. Evidence suggests that 
NCGS does not invoke an acquired immune response [10]. 
However, it does initiate inflammation and epithelial 
damage [6,13]. In the Conclusions (Section 4), we will 
develop our connection between these two GRD. 

The overall result of the partial digestion of dietary 
gliadin is a mix of peptides that can trigger three separate 
host responses that resemble responses to pathogenic 
invaders [14]. Alterations of the gastrointestinal tract, skin, 
and neural tissue have become well known as indicating 
possible presence of a GRD. At present the most widely 
used diagnostic approaches are biopsy for gastrointestinal 
changes and skin lesions, as well as antibody titers [15] 
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and genotype [1]. Other indicators are serological markers 
such as cytokines [5], and, in the case of people who 
implement a gluten free diet, resolution of nearly all GRD 
symptoms and signs [16]. 

Three levels of gliadin action can be distinguished, 
based on which peptide is involved: 

1.  A gliadin peptide of 20 amino acids has direct 
actions on intestinal epithelial cells; i.e., disruption 
or reorganization of tight junctions [3] that reduces 
intestinal barrier function and increases 
permeability of the epithelial layer.   

2.  Peptides with different sequences activate the innate 
immune system, leading to inflammatory responses 
that damage epithelial cells [6,17]; whether these 
peptides are gliadin fragments or other wheat 
proteins, is being investigated [6,12,18] 

3.  Another gliadin peptide of 33 amino acids activates 
acquired immune system responses [6] and 
production of antibodies.  

These separate actions of gluten-containing grains have 
historically been combined into a single term “celiac 
disease,” but the three different pathogenic mechanisms 
outlined above suggest the situation is more complex. 
These separate actions suggest there are three 
physiological responses to gliadin, which we now discuss. 

1.1. Level 1: Tight Junction Remodeling 
The direct tight junction effect of gliadin results in loss 

of epithelial integrity, allowing movement of large 
molecules (e.g., gliadin peptides) out of the lumen and 
into the intestinal extracellular space. The increased 
permeability is an early event in gluten exposure [3] and 
occurs in all people ingesting gluten [3,19]. It is therefore 
genotype-independent. 

1.2. Level 2: The Innate Immune Response  
The next step following level 1 infiltration of gliadin 

peptides into the gastrointestinal intercellular tissue is the 
activation of innate immune system responses, including 
production of cytokines and access of cytotoxic IEL into 
the epithelial intestinal lining [2]. The buildup of cytotoxic 
IEL in the epithelial layer defines the Marsh 1 category of 
intestinal damage [20]. The relation between this damage 
and “villous atrophy” remains uncertain but it is proposed 
to be responsible for loss of epithelial cells [6,21]. Though 
some authors [18] state that in NCGS, gluten does not 
cause an inflammatory response, other authors [2,17] 
report that similar epithelial destruction can occur via 
innate immune mechanisms that are not genotype-specific 
[12,22]. This level 2 innate immune inflammatory 
response to gliadin could therefore be the process that is 
responsible for initial loss of epithelial cells. The 
inflammation also allows the next step in the gluten-
response process, which is genotype-specific. 

1.3. Level 3: The Acquired Immune Response 
As a result of level 2 inflammation, a cellular enzyme, 

transglutaminase (TG), is released into extracellular space 
[23], modifying certain of the infiltrated gliadin sequences 
into different immunogenic peptides that promote an 

acquired immune antibody response that differs from the 
level 2 innate response [10,24]. The acquired immune 
response depends on the recognition of these peptides by 
proteins produced by genes of the HLA DQ system. 

Human chromosome 6 contains the Human Leukocyte 
Antigen (HLA) genes involved in antigen surveillance. 
The DQ region of the chromosome has just two genes, 
A1 and B1. Each of these genes has more than ten alleles 
and the two can thus produce more than 100 A1-B1 
allelic combinations in humans [25]. The two genes 
produce proteins that form a dimer (α−β protein pair) on 
the surface of immune surveillance cells (dendritic cells). 
This dimer presents a gliadin epitope to T helper cells 
(TH) for antibody production within the Level 3 
acquired immune response [26]. The HLA haplotypes 
are thus the CD genotype. Because the two genes are 
adjacent on chromosome 6, the particular alleles on each 
parental chromosome are nearly always transmitted 
together to offspring.  

The most relevant HLA haplotypes that produce 
gliadin-binding α−β proteins are DQ2.5, DQ2.2, and DQ8 
[1,27]. Non CD-associated haplotypes are DQ5, DQ6, and 
in certain cases, DQ7.5. These we term “DQX.x.” 

1.4. Innate Mechanisms Causing GRD  
Three lines of evidence suggest a primarily innate 

immune mechanism for initiation of villous atrophy: first, 
classical immunology [28] states that, in general, innate 
immune mechanisms are activated well prior to acquired 
immune mechanisms. Second, specific to the GRD, 
reports on cultured tissues [7] as well as studies on human 
subjects (next section) suggest that innate mechanisms 
cause villous atrophy in the absence of acquired immune 
signals. Third, the intestinal atrophic changes are reported 
to occur earlier than does the production of gliadin-
specific antibodies in CD [2,14] and that innate immune 
mechanisms may trigger or enhance acquired immune 
responses [29]. Even so, some studies (e.g., [5,30]) 
suggest that acquired immune activation is needed for 
innate mechanisms to cause damage. We will return to this 
question in Section 4.3. 

1.5. Diagnosis and Estimated Prevalence  
of GRD  

Researchers [10,31] calculate that 10% of the U.S. 
population has one or another of the gluten disorders. Of 
these, CD itself is estimated to be about 3% of the U.S. 
population [31,32,33]. Even so, mis-diagnosis and under-
diagnosis are common phenomena in clinical medicine 
and may result in serious delays in treatment [34,35]; 
errors in diagnosis are known to be significant in the GRD. 
Some reasons for under-estimation of GRD prevalence 
[1,26,36] may be: low specificity and sensitivity of 
antibody or biopsies; clinicians’ greater interest in 
intestinal symptoms compared to skin or neural symptoms; 
and the tendency of people with a GRD to dismiss their 
symptoms [14,35]. In addition, several research groups 
[22,37,38,39,40,41] have reported cases that fit current 
criteria for CD (villous atrophy at Marsh 3 levels) but did 
not have HLA DQ2.5, DQ2.2, or DQ8. Such patients may 
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have NCGS and thus may be missed if clinicians focus 
only on treating those with the CD-associated genotypes.  

Many people with CD-associated genotypes are told 
that because over 30% of all people have these genotypes 
but under 3% of the population has CD, there is less than a 
10% chance that a person with the CD-associated 
genotype will actually get diagnosed with CD [42]. This is 
an under-estimate because researchers also acknowledge 
that current diagnostic practices are inadequate [1,43] and 
CD under-estimation may reach 90% [1,36]. If this 
estimate of under-diagnosis is correct, then a significant 
majority of those with CD-associated haplotypes already 
have CD at an undiagnosed degree of severity. 

We therefore wished to determine the allele 
relationships of CD-associated haplotypes and whether it 
is possible to distinguish among the GRD via genotypes, 
symptom sets, antibody titers, or the three levels 
characterizing physiological responses to gluten. We 
studied people with biopsy-proven intestinal damage, 
most of whom also had known DQ haplotypes, clear 
symptoms involving intestinal, skin, and nervous system, 
and data for IgA antibodies (tTGA, EMA).  

2. Methods  

2.1. Study Population 
We performed an analytical observational study [44] 

within a biopsy-proven cohort of people (age at positive 
biopsy between 2 and 81). These individuals had sought 
medical advice for abdominal, skin, and/or neural 
symptoms and had been biopsy-proven by endoscopy. The 
samples had been interpreted by a pathologist, who 
determined them to be at least Marsh 3 [20]. These people 
were invited to participate in the study. The final subject 
pool consisted of 111 people (23% male, 77% female,  
92% Caucasian). All subjects filled out a symptom survey, 
72 had HLA DQ genotypes determined, and 49 had data 
for both genotypes and IgA antibodies (tTGA/EMA). 
Subjects gave permission for use of their data and 
confidentiality was maintained throughout the study. Our 
procedure assured that individuals cannot be identified 
from their reported information. All clinical data had been 
obtained while subjects were consuming gluten. 

2.2. Data Analysis  
HLA haplotypes. The study population haplotypes 

were determined by private laboratories; some laboratories 
reported alleles for all four A1 and B1 genes (i.e., A1*05 
B1*02, A1*02 B1*02); others reported only those alleles 
considered by the laboratory to be CD-associated and 
stated the remainder as “X” or “not CD-associated.” Study 
population haplotypes were quite varied and represented 
approximately 17 of the 36 DQ A1-B1 haplotypes 
identified among European Americans [25]. Only four of 
our subjects had non-CD-associated haplotypes. These 
four (all biopsy-proven) had various combinations of 
DQ5.1 and DQ6.1, which are generally considered not to 
be CD-associated. We will address these haplotypes in 
Section 3. 

We quantified our subjects’ HLA DQ haplotypes by 
characterizing the ability of their α−β protein pairs to 
display gliadin epitope and thus activate T cells and B 
cells to make tTGA and EMA; a similar approach is seen 
in [26]. Each dendritic cell is able to specify up to four 
different α−β protein pairs (2 genes times 2 alleles). Our 
approach is shown in Table 1. 

Table 1. Scoring system for HLA DQ haplotypes 
 

Haplotype DQ5, 6, 7 DQ8 DQ2.2 DQ7.5# DQ2.5 
Score 0 0.5 0.5 1 or 0 1 

 # If DQ7.5 is present with DQ2.5 or DQ2.2, score is 1; otherwise, score 
is zero 

 
The haplotypes DQ2.5, DQ2.2, and DQ8 activate T 

cells and we thus gave them scores from 0.5 to 1 per 
dimer. In contrast, certain haplotypes (e.g., DQ5 and DQ6) 
synthesize α−β pairs that appear not to bind epitope nor 
present it to T cells. To these we give a “zero” binding 
score. Our scoring system in Table 1 leads to our method 
of calculating haplotype binding scores (Figure 1).  

 
Figure 1. Haplotype-phenotype relation for T Cell activation. Three 
peoples’ HLA diploid haplotypes are shown. At the left of each is the 
DQ haplotype of maternal and paternal chromosome 6, showing alleles 
for A1 and B1 genes (as shown, these genes are adjacent to each other on 
the chromosome). A dendritic cell (square outline), expresses the α−β 
protein pairs possible for each person (black and open rectangles match 
black and open portions of chromosome 6 at left). At the right of each is 
the predicted number of T cell activation units likely for each person, 
based on the idea that A1*05 B1*02 presents epitope strongly and 
activates T cells. Panel A: A1*05 B1*02 homozygote: all four α5 β2 
heterodimers bind and present epitope and have score of 1. Panel B: 
A1*02 B1*02 presents with half the strength of A1*05 B1*02; the 
A1*05 B1*03 does not present epitope but allows the trans formation of 
α5 − β2 protein pair. Panel C: A1*01*B1*05 or A1*01 B1*06 do not 
present epitope at all and have score of 0. Thus, the DQ2.5/DQ2.5 
homozygote (A) is predicted to be the strongest CD genotype, the 
DQ5/DQ6 genotype (C) is not predicted to be a CD genotype, and the 
DQ2.2/DQ7.5 (B) is predicted to be intermediate 
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For example, each DQ2.5 homozygote can make four 
identical α∗05 β∗02 proteins. As all the four possible α−β 
pairs are equally good at presenting gliadin, such 
homozygotes receive a haplotype binding score of 4 
(Figure 1A). Because DQ7.5 has A1*05 and can double 
epitope binding when combined with DQ2.2 or DQ2.5, we 
gave DQ7.5 a binding score of 1 for these heterozygotes 
[45] so a DQ2.2/DQ7.5 heterozygote receives a score of 
1.5 (Figure 1B). A DQ5 homozygote or a DQ5/DQ6 
heterozygote receives a score of 0 (Figure 1C). Not 
included in Figure 1 are four additional haplotype binding 
scores: a DQ2.5/DQ2.2 heterozygote receives a score of 3; 
DQ8 homozygotes or DQ2.2 homozygotes receive a score 
of 2;  DQ2.5/DQ5 heterozygotes receive a score of 1; and 
DQ2.2/DQ5 heterozygotes receive a score of 0.5. These 
seven haplotype binding scores quantify the genotype and 
are the basis for the genotype-phenotype analysis in 
Sections 3.3 and 3.4. 

Mubarak et al. [46] introduced this approach by 
describing genotype action in terms of the HLA 
haplotypes synthesizing protein heterodimers that 
presented epitope to T cells for eventual antibody 
production. This allows quantification of the contributions 
of DQ2.5, 2.2, and 8 genotypes to antibody production. 
They proposed that antibody titers were proportional to 
the numbers of CD-associated heterodimers and also that 
CD is associated with antibody titers greater than 10 times 
reference values. However, though they illustrate the 
symptoms of subjects with different antibody 
concentration classes, they do not show the antibody 
values for individuals or groups with the same haplotype. 

Antibodies. Though clinicians recognize several TG 
enzymes, current CD clinical antibody testing procedures 
are limited to the enzyme found in intestinal tissue (“tissue” 
transglutaminase -- tTG). The transglutaminase found in 
skin (“epithelial” or eTG) and the transglutaminase found 
in neural tissue (“neural” or nTG) are generally not tested 
in routine fashion. Our subjects thus had data only for 
tTGA/EMA. Antibodies are generally reported [47] in a 
qualitative fashion as binary, i.e., simply “negative” and 
“positive,” or “low” and “high.” Our attempt to develop a 
genotype-phenotype relationship required variable 
quantitative measures of antibody values that could be 
correlated with HLA haplotype, in agreement with recent 
recommendations [15] that give guidelines for use of 
different sources of antibody measurement.  

Each subject’s antibody information was provided by 
the laboratory making the analysis. Because each 
laboratory used different reference values, we quantified 
each subject’s titer by dividing their experimental value by 
that lab’s reference value (both measurements in mg/dl). 
This gave a non-dimensional antibody value that 
represented how much each subject’s antibodies exceeded 
that lab’s reference, sometimes called Upper Limit of 
Normal [15]. Thus, if a subject had tTGA of 100 mg/dl 
and the lab stated its reference value as 4 mg/dl, that 
subject’s tTGA value was 25 “times reference” (Figure 3). 
For EMA, a person’s serum titer is given as a dilution 
(e.g., 1:100) and the lab reference is given as another 
dilution, (e.g., 1:5). This person thus has an EMA of 20 
times reference.  

Of our 70 subjects with antibody data, 40 had both 
tTGA and EMA and 30 had only tTGA. We therefore 

needed a method that allowed us to use all subjects for 
which at least one of the antibody types was measured. 
Because EMA target the tTGA antibodies present [23] the 
two measure equivalent antibody responses and we were 
able to average the two to produce a single measure for 
this type of antibody, as validated with the Mann-Whitney 
U test [48], which requires the independence of the two 
samples. Indeed, we observed that whether a lab measured 
tTGA or EMA or both was random across our subjects 
and therefore concluded that the two measurements were 
independent. Thus, the subjects taking part in the 
genotype-phenotype analysis each had a diploid HLA DQ 
haplotype, EMA/tTGA titer, and symptom set. 

A significant number of people with CD have a general 
IgA antibody deficiency [11]. Thus, we ensured that in our 
tabulations of low antibody titer subjects (in Figure 3, 
those with haplotype binding score of 0), all were known 
not to be IgA deficient.  

Symptom categories. We developed a survey in which 
the subjects indicated symptom presence. We placed their 
data into categories for each of the three body regions 
affected by GRD: the gastrointestinal tract, skin, and 
nervous system. Our system for classifying symptoms is 
shown in Table 2.  

Table 2. GRD Symptoms classified by body region 

Gastrointestinal Skin Neural 
Mouth: 

Aphthous ulcers 
Dental enamel 

defects 
--- 

Autoimmune: 
Thyroiditis 

Crohn’s 
 
 

--- 
Abdominal: 

Pain 
Gas / bloating 

Diarrhea 
Vomiting 

 
--- 

Nutritional 
deficiencies 

Malabsorption Short 
stature 

Anemia 
Osteoporosis 

Acne 
Itchy skin 

Hives 
 
 

Autoimmune: 
Vitiligo 

Alopecia areata 
RA 

Sjögren’s 
 

Eczema 
Psoriasis 

 
 
 
 
 

Dermatitis 
Herpetiformis 

 

“Brain Fog” 
Irritability 
Anxiety 

Depression 
 

Autoimmune: 
MS 
ALS 

Parkinson’s 
Myasthenia gravis 

 
Neuropsychiatric 
Mood disorders 

Learning disabilities 
Schizophrenia 

Bipolar 
Dementia 

 
Gluten Ataxia 
Neuropathy 

 

 
Though we organized symptoms in increasing order of 

severity, we were not able to correlate such an 
organization with genotype. However, we suggest that in a 
more general population, these groupings could be useful 
as a first step towards describing a relationship between 
symptom severity and HLA haplotype. 

3. Results 

3.1. Age at Diagnosis 
The data for age at diagnosis (i.e., age at positive 

biopsy) are shown in Figure 2: panel A gives the 
proportions in each 10-year age interval and panel B gives 
the cumulative proportions over all ages.  
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Figure 2. Distribution of the age at biopsy diagnosis for all subjects.  
Panel A: Percentage of subjects diagnosed in each 10-year age period. 
The curve is a best-fit quadratic function suggesting peak age of 
diagnosis is about 40 years of age. Panel B: cumulative proportions over 
all ages, suggesting that disease prevalence cannot be accurately 
estimated until people of almost all ages have been included 

As other authors [49] have shown, most cases are 
diagnosed in middle age and GRD may appear at any time 
during a person’s life. This suggests that GRD prevalence 
cannot be accurately estimated unless people of all ages 
are included; this can be referred to as the cumulative 
lifetime risk [35]. Because only a third of clinicians have 
ever diagnosed GRD or know that gluten-related 
symptoms may first present in adulthood [16], most 
people with GRD are not identified.  

3.2. Distribution of Haplotypes 
We compared the haplotype frequencies in our subjects 

with the data in Klitz et al. [25], who computed DQ 
haplotypes for 1899 people in the U.S. without considering 
whether they were associated with diseases. Table 3 shows 
the comparison between Klitz’ study and ours.  

Table 3. DQ haplotypes present in the U.S. population and the 
current study 

   Percent 
A1 B1 DQ In U.S. pop. In this study 
05 02 2.5 13 35 
02 02 2.2 11 17 
03 0302 8 7 14 
x X X.x 69 34 
 
At left are the HLA DQ A1 and B1 haplotypes. In the 

center is the DQ serotype. The first three rows indicate 
haplotypes that are CD-associated. In the bottom row, the 
x and X terms indicate haplotypes not-CD associated. The 
first three rows of data indicate haplotypes associated with 
CD; the bottom row indicates the non-CD-associated 
haplotypes. The “Freq. In US pop.” column indicates the 
percentages of DQ haplotypes [25] that are in each of the 
above categories: 31% of Caucasian American haplotypes 
are those associated with CD (DQ2.5, DQ2.2, and DQ8) 
while 69% of haplotypes are not (e.g., DQ5, DQ6, DQ7). 
The final column represents the haplotype frequencies 
within our biopsy-proven subjects. The proportion of our 
subjects’ haplotypes that are CD-associated is 66%, 
substantially higher than within the population as a whole. 
This difference is to be expected, as our subjects were not 
randomly chosen (they sought medical advice because 
they and/or their medical professionals were suspicious of 
their GRD symptoms).  

The majority of our subjects had DQ2.5, 2.2, or DQ8 
haplotypes. Some of our subjects were homozygous 
DQ2.5 or DQ8 but in most, the other haplotype was one 
not associated with CD (e.g., DQ5, DQ6, or DQ7). Indeed, 
the most frequent combination, DQ2.5/DQX.x 
heterozygotes, was seen in 25 subjects. 

3.3. The Haplotype-antibody Relation 
The relation between haplotype binding score and 

antibody values is presented in Figure 3, where haplotype 
binding scores for the seven categories of subjects are 
indicated on the horizontal axis and IgA tTGA/EMA 
antibody values (rescaled as “times reference” values – 
Section 2.2) for each haplotype binding score are given on 
the vertical axis (median ± SE, where SE denotes the 
standard error). 

Use of the Mann-Whitney test showed that, for subjects 
in which both antibody measurements were made, the 
“times reference” values computed separately for tTGA 
and EMA were not significantly different (p>0.05). This is 
consistent with a report [50] that Caucasians have high 
degrees of tTGA and EMA concordance. Thus, we 
calculated a single mean value for those subjects who had 
measures of both. In addition, the independence of the two 
measurements meant that for each subject with only one 
antibody measurement, we could use that value as the 
subject’s antibody titer. 

 
Figure 3. Relation between antibody titers (times reference) on the 
vertical axis and DQ haplotype binding scores (Figure 1) on the 
horizontal axis. The circles represent median ± SE of tTGA/EMA for 
each haplotype binding score. Thus, subjects with haplotype binding 
score of 4 are DQ2.5/2.5 homozygotes while subjects with score of 0 are 
DQX.x homozygotes lacking any CD-associated haplotypes. The slope 
of the linear regression is significantly different from zero (p<0.05) and 
suggests that antibody production is proportional to allele dose of the 
HLA DQ A1 and B1 genes 

Figure 3 shows the relation between haplotype binding 
scores and IgA tTGA/EMA titers. The various values of 
haplotype binding score were obtained by following the 
procedure described in Section 2.2. These haplotype 
binding scores are based on our hypothesis that DQ2.2 
and 8 have half the antibody-producing activity of DQ2.5 
(Table 1; Figure 1). Though we arbitrarily set DQ 2.2 and 
DQ8 haplotype binding scores at 0.5, performing 
simulations with values other than 0.5 did not change the 
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proportionality between antibody titer and our measure of 
DQ haplotype binding score. It is possible, however, that 
better estimates of haplotype binding properties can be 
obtained in studies of data from more subjects with DQ2.2 
and DQ8 haplotypes. We suggest that it is important to 
develop a widely applicable relation between CD 
genotype and phenotype, and that our approach is a useful 
first step in that direction.   

3.4. Symptom-haplotype Relation 
We determined the relation between symptoms and 

haplotype across all the symptom categories during the 
period subjects were eating gluten. Subsequently, nearly 
all our subjects went on a gluten free diet (GFD) once 
their clinical data were taken; all of those who did noted 
relief from symptoms. For the symptoms taken as a whole 
(for all the three body areas considered together), there 
was no tendency for the number of symptoms present to 
be affected by haplotype (Figure 4). Indeed, even those 
subjects with HLA DQ X.x haplotypes (zero haplotype 
binding score) had the same number of reported symptoms. 
This is likely because the gluten-caused physiological and 
innate immune changes were independent of their 
genotype. We are not aware of other studies classifying 
GRD symptoms as we have done (Table 2) and 
recommend this approach to other researchers. 

 
Figure 4. Relation of symptoms per subject (intestinal+skin+neural) to 
their haplotype binding score. The circles represent means ± SE for the 
number of reported symptoms. The slope of the linear regression is not 
significantly different from zero, indicating that symptom frequency is 
not associated with haplotype binding score. Note in particular that those 
with zero haplotype score also have the same number of symptoms as 
those with high binding scores 

4. Conclusions 

Our study shows a quantitative relationship between 
genotype (HLA DQ haplotype) and phenotype 
(quantitative measures of antibody production) for biopsy-
proven subjects with CD (Figure 3). Our antibody data are 
thus compatible with a model of CD determined by three 
haplotypes, DQ2.5, DQ2.2, and DQ8. Other haplotypes 
(e.g., DQ5, DQ6, and DQ7.5) do not on their own 
contribute to significant antibody levels; this is seen in our 

subjects with DQ5/DQ6 haplotypes: their antibody titers 
are not above population reference values. 

However, all our subjects, including those who did not 
have DQ2.5, DQ2.2, or DQ8 haplotypes, had biopsy-
proven Marsh 3 intestinal damage and improved on a 
GFD. Thus, the data emphasize a more important idea: 
that gluten-caused intestinal damage may occur in people 
without the genotypes generally associated with CD. 
These results are consistent with the immunological 
analysis discussed earlier (Sections 1.1, 1.2, and 1.3), that 
gluten-caused intestinal damage may result from levels 1 
and 2, not just level 3. 

Our results are consistent with earlier research 
indicating that people can have gluten-induced and 
biopsy-proven intestinal damage without possessing 
DQ2.5, DQ2.2, or DQ8 haplotypes. The existence of 
biopsy-proven intestinal damage in subjects not carrying 
CD-associated HLA DQ alleles may indicate that gluten 
damage leading to a “disorder” is started by innate 
immune actions that are genotype-independent (levels 1 
and 2) and thus occurs prior to the acquired immune 
response. The fact that subjects’ symptoms improved 
when on GFD, plus the fact that the subjects were also 
known to be giardia-negative and olmesartan-negative, 
indicates that the source of the original damage is dietary 
gluten. Therefore, all our subjects had GRD, either in the 
form of CD or NCGS though CD is present only in those 
with DQ2.5, DQ2.2, and DQ8 haplotypes. 

4.1. Haplotype Dominance Relationship  
in CD  

Celiac Disease is a recognizable genetic entity. We thus 
agree with Sollid and Thorsby [51] that CD should be 
classified as a dominant disorder of the HLA DQ A1 and 
B1 loci. Greenberg et al. [52] originally proposed a 
recessive action in CD, but recessive alleles synthesize 
non-functional proteins and therefore primarily cause 
diseases in which a function is missing. Dominant action 
is indicated for CD [35,51] by the mechanism of HLA 
gene action: that the responsible HLA alleles (e.g., DQ2.5) 
make a functional protein (the α−β heterodimer) that 
actively generates an acquired immune system reaction to 
gliadin. Because of the dominant action of the HLA 
haplotypes, it should be more generally admitted by 
clinicians and researchers that the prevalence of CD may 
be roughly equal to the prevalence of the disease-causing 
haplotypes, and thus that genotype is both “necessary and 
sufficient” to predict CD [35]. Therefore, counting all the 
GRD, it is likely that a major part of the world population 
(over 30%) is affected by gluten. 

4.2. Genotype-phenotype Relationship 
Regarding HLA DQ haplotypes, our data (Figure 3) are 

consistent with the following view of A1 and B1 allele 
action in CD: 

1.  The A1*05 and B1*02 alleles (DQ2.5) serve as the 
strongest activators of antibody formation in CD. 
Lower antibody amounts are produced by A1*03 
B1*0302 (DQ8) and A1*02 B1*02 (DQ2.2) 
haplotypes. 
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2.  CD also depends on homozygosity for the above 
haplotypes: a person who is DQ2.5/DQ2.5 activates 
maximal antibody production.  

3.  The remaining genotypes (DQX.x/DQX.x) in 
homozygous form (i.e., not combined with DQ2.5, 
DQ2.2, or DQ8) did not produce antibodies at 
greater than reference values. However, the fact that 
these subjects had positive biopsies and symptoms 
indicates that intestinal damage can occur in a wider 
range of people than is currently thought (i.e., that 
epithelial damage is not restricted to CD and may 
occur as well in NCGS). 

Previous researchers have developed ways to quantify 
the relation between HLA genotype and CD. However, 
because none of these studies quantified both genotype 
and phenotype, we consider our analysis (Figure 3) to be 
unique and quantitatively useful. 

4.3. Summary 
Subjects with haplotype binding scores of zero showed 

lack of elevated antibodies (Figure 3). This is the basis for 
our suggestion that HLA haplotype and antibody 
production may be unrelated to intestinal epithelial 
damage, which was present in all subjects. In agreement 
with this dissociation, the number of symptoms was 
consistent across haplotypes (Figure 4). Thus, the signs 
and symptoms appear likely to relate in large part to innate 
immune mechanisms that are genotype-independent 
(levels 1 and 2) and not solely to level 3 acquired immune 
mechanisms, which depend on HLA genotype. 

Our data thus help reconcile the apparent contradictions 
between NCGS and CD. In our multilevel hypothesis 
(Sections 1.1, 1.2, and 1.3), level 2 innate immune 
responses initiate epithelial cell damage. This idea is 
consistent with the suggestion [30] that level 2 innate 
mechanisms of inflammation (in their term “epithelial 
stress”) can be a feature of GRD that occurs 
independently of the level 3 acquired immune response. 
In agreement with this idea, our data described above 
(Sections 2 and 3) suggest that biopsy-proven villous 
atrophy can be present in people who do not have HLA 
DQ2.5, DQ2.2, or DQ8 genotypes, meaning they do not 
activate acquired immune responses. 

However, people with CD-associated genotypes 
activate acquired immune responses in which antibodies 
(level 3) are produced. The acquired response may 
magnify the damage initiated by level 2 via a mechanism 
suggested by Setty et al. [30], in which the cytotoxic 
profile of IEL is fully acquired by activation of acquired 
immune processes. Therefore, a person with CD may have 
more epithelial damage than a person with NCGS [53]. 

To summarize the relation among the three levels of 
gliadin action, we propose that direct gliadin action (level 
1 – tight junction remodeling) allows infiltration of gliadin 
peptides that (level 2) allow innate immune processes to 
initiate damage of epithelial cells. This is followed (only 
in people with CD-associated genotypes) by activation of 
acquired immune responses (level 3) that magnify earlier 
innate cytotoxic effects. 

The two forms of GRD can be characterized in terms of 
the three physiological responses to gluten discussed 
earlier (Sections 1.1, 1.2, and 1.3): someone with CD will 

experience levels 1, 2, and 3, while someone with NCGS 
will experience levels 1 and 2 but not 3. Though our 
subjects who were DQX.x homozygotes did not produce 
tTGA/EMA, they had biopsy-proven intestinal damage 
and their symptoms improved on a GFD. Levels 1 and 2 
should be considered evidence for GRD aside from CD, 
implying that anyone who eats gluten is susceptible to 
inflammation and epithelial stress.  

A major implication for clinicians is that regardless of 
genotype, for all people with signs or symptoms that 
suggest GRD, clinicians should follow up with additional 
diagnostic tests and GFD. These people should not be 
ignored just because they do not have DQ2.5, DQ2.2, or 
DQ8 HLA genotypes. 
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