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ABSTRACT 

Novel aspects of T cells containing TCRVβ20-1 
are numerous, ranging from pathogen specific 
reactivity to specific tissue homing, or possible 
T cell subsets. Recently, it was demonstrated 
that TCR itself could become reactive by binding 
to small molecules free of the pHLA interface. 
Our work here was to identify a natural ligand 
binding to an identified pocket on the CDR2β 
loop of these TCR. Using docking of suspected 
ligands, we were able to show Guanine and Ade- 
nine di- and tri-nucleotides readily bind to the 
identified site. Comparing these with small mole- 
cule sites found on other TCR types, we show 
this interaction is novel. With further molecular 
dynamic simulations, these sites are shown to 
be plausible by conducting simple computa- 
tional based solubility tests as cross validation. 
Combined with simple proliferative responses, 
the identified nucleotides are also shown to 
have functional consequences by inducing T 
cell proliferation for CD4/Vβ20-1 + T cells, while 
failing to induce proliferation in other T cell iso- 
lates. Merging computational and simple cell 
assays, this work establishes a role of nucleo- 
tides in T cells found to contain this TCR sub- 
type. 
 
Keywords: T Cell Receptor; T Cell Receptor  
Variable Domain; Adverse Drug Reactions;  
Autoimmune Diseases 

1. INTRODUCTION 

T cell receptors (TCR) themselves have been shown to 
contain novel binding sites on variable domains (TCRV) 

specific to subtype for a number of pathogenic proteins 
[1]. Recent work has also shown these can be extended 
to some small molecule interactions [2,3]. The established 
rolls for TCR subtypes based on TCRV have only recently 
been associated with adverse drug reactions (ADR) [4,5]. 
Many autoimmune diseases, however, have shown sev- 
eral associations with TCRV ranging from TCRVβ20-1/ 
TCRVα17-1 in Sjögren’s syndrome, TCRVβ5-1, 6 and 8 
in Multiple sclerosis, or associated rheumatic diseases 
[6-10]. Additionally, specific T cell subsets have been 
identified with specific tissue homing, such as CD4/ 
TCRVβ20-1 associated resident mucosal T cells [11,12]. 
Often the associations between diseases or ADR are dif- 
ficult from literature alone, as despite international ef- 
forts different naming schemes still exist, such as with 
the TCRVβ20-1, which may also be called TCR-MR, 
TCRVβ2, or TCRVβ2.1 as an example.  

Here we focus on the TCR containing TCRVβ20-1 as 
a novel TCR subtype able to illicit a response free from 
the peptide human leukocyte (pHLA) interface, classi- 
cally represented as the main factor in disease models. 
Different hypotheses exist in both ADR and autoimmune 
diseases that overlap significantly [13,14]. In most of 
these, a myriad of factors exist making single causes 
problematic. In the entire receptor based mechanics, 
these often focus on the HLA subtype and the TCR- 
pHLA as the main factor. These over represented models 
rely often on other genetic factors, such as STAT4 pro- 
moter mutations in Sjögren’s syndrome, coupled with 
other genetic pre-dispositions such as HLA type associa- 
tions [15-17]. This focus often identifies relevant HLA 
subtypes as the genetic associates, such as HLA-DRB4 
in Rheumatoid arthritis, HLA-B*1502 in Carbamazepine 
drug allergy or both peptides derived from myelin basic 
protein peptide and HLA-DRB2 in multiple sclerosis 
[9,15,17-19]. These neglect factors from the TCR itself 
such as skewing associated with HLA type, which may 
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be relevant for disease as well as initial targets to prevent 
disease. Additionally, these limit the search for other 
factors that may be involved, such as secondary small 
molecule co-factors. 

Models of TCR only interactions which cause ADR 
have been described previously, termed non-covalent 
interaction with TCR [p-i TCR] models of drug induced 
allergy [20-22]. These postulate small molecules are able 
to illicit a response in the TCR by altering a site on these 
free of the pHLA interface. This model also implies there 
is no covalent modifications involved, nor interactions 
directly mediated from the HLA. In these models, the 
TCR triggering is still dependent on pHLA interactions 
for signaling in all cases. The small molecule itself only 
changes the TCR from a non-signaling to a signaling 
state through interactions on the TCR. Such disease 
models may simply be artifacts of pharmaceuticals and 
randomized amino acid sequences present on the TCRV 
themselves which vary between the 50 variable β or 45 α. 
However, these also may be indicative of a natural 
ligand-binding site that would show much higher fre- 
quency, especially for TCR containing such sites. 

T cells positive for the TCRVβ20-1 studied here have 
been isolated from Sjögren’s syndrome patients as a 
skewed responsive isolate from salivary glands in other 
studies [7,23]. This autoimmune disease involves many 
factors, initially an immunoglobulin (Ig) induced response, 
CD4 T cells then perpetuating a sustained inflammatory 
response. This leads to tissue damage, usually around the 
salivary glands, however including other sites as well. 
Tissue damage is the primary factor associated with these 
TCR, along with Th1 responses dictated by over ex- 
pressed STAT4 as a secondary factor. As the primary Ig 
in all cases has been shown to target RhoGTPase, an 
additional factor has been the accumulation of GDP. This 
occurs throughout the body in Sjögren’s syndrome, how- 
ever the disease manifests as sores in very specific sites 
[14,24-26].  

Nucleotides themselves have proven to be problematic 
in respect to T cell responses, which show a heterogene- 
ous response ranging from inhibitory expansion, to in- 
creased expansion. This difference in response has been 
identified as being related to P2x or P2y extracellular 
nucleotide receptors. These immune receptors were 
shown to be expressed in some CD4+ T cells, dendritic 
cells and macrophages [27-29]. Within the T cell pool, 
their expression is mixed, with some isolates showing no 
expression while others expressing one type. The expres- 
sion on T cells has not been correlated with T cell sub- 
type other than CD4+, yielding literature with conflicting 
results as to T cell nucleotide proliferative responses. 

Drawing on model autoimmune disease as a guide, 
nucleotides as extracellular signaling factors in inflam- 
matory responses and sites found to be relevant on this 

TCR subtype in ADR models [2], we use computer mod- 
els to identify possible natural ligands. Based on associa- 
tion of nucleotides, we use docking to test sites already 
identified as relevant on TCR to identify nucleotide 
binding sites. Additional computational work utilizing 
molecular dynamics is often used in rational drug design 
methodologies. Here we also utilize this method to test 
the validity of identified sites as significant in the same 
manner [30,31]. We aim to coordinate this computational 
approach to simple functional tests in T cell isolates, and 
work to develop a model relevant for both the autoim- 
mune disease model and ADR as well. It is our aim to 
show overlap with these models through a minimal ap- 
proach employing both techniques, which should be ap- 
plicable to the immunological community as a whole. 

2. MATERIALS AND METHODS 

2.1. TCRVβ20-1 CDR2 Loop Sequence 
Alignments 

The functional portion of TCRVβ20-1, the entire 
CDR2 loop from residue 52 - 76, was blasted against the 
model organisms X. leavis, D. rerio, M. musculus, B. 
tarus, H. sapiens, R. norvegicus, using protein blast  
(http://blast.ncbi.nlm.nih.gov). Retrieved sequences were 
then aligned using clustalW (http://www.clustal.org). 
Models of the TCRVα7-1 and 20-1 were generated using 
Swiss model (http://swissmodel.expasy.org) [32] and the 
entire TCRVα with 4 alanine residues placed in the hyper 
variable regions between residue 95 and 99, and using 
PDB 3MV7 (http://www.pdb.org). These were further 
energy minimized in gromacs using force field 53a6, and 
SPC water at 300K for 2 ns [33,34]. 

2.2. Control T Cell Clone Isolation 

The clone TCRVβ5-1/Vα9-2, TCRVβ20-1/Vα17-1 and 
TCRVβ9/V α12-2 were isolated as described previously 
[22,35], by limited dilution. Briefly, whole blood mono- 
nuclear isolates from a patient with macula-papular erup- 
tions to Sulfamethoxazole were first expanded with PHA, 
and subsequently isolated by limiting dilution. These 
were further isolated to single responsive T cell clones by 
cycles of expansion using only Sulfamethoxazole. Single 
clones were then sequenced for TCR type. 

2.3. CD4/TCRVβ20-1 Pull Down 

Unlabeled Microbeads, CD4 labeled Microbeads and 
magnet were all purchased from MACS®Miltenyl Biotec. 
Unlabeled mouse anti human Vβ20-1 antibody was pur- 
chased from RayBiotech.Inc. Whole blood PBMC were 
isolated using a ficol gradient by centrifugation at 2000 
RPM for 20 minutes, washing 2x in PBS and re-suspen- 
sion in RPMI with 10% FCS. Immediately following, 
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100 Million cells added to CD4 attached beads according 
to MACS protocol, and separated using a bench-top 
magnet. These were then further enriched with Vβ20-1 
(Vβ2 RayBiotech) and plated at 1000 TC to 10,000 irra- 
diated allogeneic PBMC. These were expanded for 2 
weeks, as described for cell expansion, again enriched 
for CD4 and Vβ20-1, and further expanded for 2 weeks 
before use. Cells were 99% CD4, Vβ20-1 by 4 weeks, as 
determined by FACS analysis. 

2.4. Initial Structural Model Generation 

Models of control or TCRVβ20-1 containing TCR 
were generated against PDB 2NTS (β5-1), 3MV8 (Vβ9) 
or 2IJO (Vβ20-1) using Swiss model  
(http://swissmodel.expasy.org). Each of these has 96% 
homology to the respective variable domain. Addition- 
ally the CDR3 α or β respectively were α ALSNQAGT, β 
LLQGNTEA, α AVNFHSGN, β VDADTQYF and α 
ATDGNQF, β GQGENVY for control TCR models. 
These models were then energy minimized at 300 K in 
SPC water, force field 53a6 using gromacs for 1 ns. Re- 
sulting models were then utilized with all solvent re- 
moved. Small molecules, Sulfamethoxazole, GTP, GDP, 
cGMP, ATP, ADP, cAMP were generated in ACDlab- 
sChemsketch (Advanced Chemistry Development, To- 
ronto, Ontario, Canada), converted to smiles format, and 
then PDB format generated using pymol (Schrodinger, 
LLC (2010) The PyMOL Molecular Graphics System, 
Version 1.3r1) . Bond and angles were checked and cor- 
rected further in vacuo using gromacs, to generate final 
small molecule structures. 

2.5. Docking of Nucleotide Analogues 

Docking of Sulfamethoxazole, or derivatives of this 
compound have been reported previously to these same 
TCR or control TCR [2]. Nucleotide docking was per- 
formed using autodock vina [36,37], allowing residues in 
Sulfamethoxazole determined sites complete movement. 
This approach was to conduct 6 runs, each constituting 
10 different dockings for the entire TCR. Additional re- 
stricted docking using 6 runs, with 10 different dockings 
was performed for sites already determined to bind Sul- 
famethoxazole. Nucleotide docking scores were then 
characterized as positive with a cutoff of −6.5 kcal/mol 
affinity as calculated by autodock vina. 

2.6. Molecular Dynamic Simulations 

Models for TCRVβ20-1/Vα17-1 used in docking were 
further energy minimized in gromacs using force field 
53a6, embedded in SPC solvent, 0.14 M NaCl, 0.08 M 
KCl, 0.06 M MgCl and 0.04 M CaCl at 300 K, 1 ATM 
for 2 ns, also using initial docked conformations for 
SDM, SMX and GDP, and restraints. Simulations were 

then allowed to run for 10 ns simulation time, with 
V-rescale thermostat at 0.1 ps, and Paranillo-Rahman 
pressure coupling at 1 ps. The TCR was restrained using 
default Gromacs positional restraints, while each small 
molecule was unrestrained. Distances between protein 
residue TYRβ58 and small molecule centers of mass 
(COM) were calculated over the entire 10 ns using Gro- 
macs. Means were calculated in qtiplot (Copyright © 
2004-2011 Ion Vasilief and Stephen Besch) as a moving 
window average.  

2.7. T Cell Clone Proliferation Assays 

Proliferation assays were conducted as described else- 
where [22]. In short, 25,000 TCC and 30,000 irradiated 
PBMCs or EBV-BCLC were incubated together per well 
with 200 μmol/ml of the indicated nucleotide or other 
compounds, medium alone (CM) or PHA (1 ug/ml). 
3H-thymidine was added after 48 for exactly 12 hrs and 
proliferation measured via scintillation counting (Top 
Count, Perkin Elmer). For Sulfanilamide profiles shown, 
compounds were used at 250 μg/ml final concentrations 
[2]. Averages of at least three and up to six runs for each 
experimental condition were collected and all means 
along with statistical differences calculated. EBV-BCLC, 
positive for HLA-DRB10 were used for sulfanilamide 
cross reactivity profiles, while autologous PBMC were 
used in nucleotide assays. 

2.8. Statistics 

All Statistics were performed using qtiplot (Copyright 
© 2004-2011 Ion Vasilief and Stephen Besch). Prolifera- 
tion data was fed into the software from spread sheets as 
three independent wells across three different experi- 
ments, and standard error, means and standard deviations 
plotted for individual points in all graphs. One way 
ANOVA was performed on plotted data, and no signifi- 
cance-scored as P-values > 0.05, significance, <0.05, *, 
or <0.01, **. 

3. RESULTS 

3.1. Sequence Alignments 

Studies involving TCR evolution have been conducted 
several times by a number of groups [38,39]. Compari- 
son of conserved amino acid sequences can be used to 
illustrate functional from non-functional residues or do- 
mains in proteins [38,40]. By comparing cross species 
sequences only incorporating the TCRVβ20-1 CDR2 
loop, a high level of conservation is observed (Figure 
1(A)). This is in contrast to other data using TCR as a 
whole, which have illustrated conserved structures with- 
out conservation of other variable domain residues mak-
ing up the various loops. This is further highlighted by 
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comparing the same CDR2 loops within only H.sapiens, 
with similar TCR believed to represent recent evolution- 
ary gene duplications (Figure 1(B), (C)). In the two 
closely related TCR, both are found in the TCRVα pool. 
For both of these, mutations highlighted indicate a rapid 
loss of the site by residues that fill the pocket formed in 
the CDR2β loop. Together, these alignments suggest a 
long evolutionary conservation of the loop as it is present 
across distantly related species with all amino acids 
found to be important for ligand binding in prior studies 
[1,2]. This is even truer for mammalian species, where 
the loop is almost identical. The fact that any closely 
related TCRV in humans render the site inaccessible also 
highlights a possible novel roll for this CDR2 loop. 

3.2. Initial Structural Models 

Initial models were based on prior docking experi- 
ments using SMX or related sulfanilamide compounds. 
These are shown here in Figures 2(A)-(C), and are pri- 
marily used as controls to illustrate differences found  
 

 

Figure 1. Sequence alignments. (A) Comparison of the CDR2 
loop of human TCRVβ20-1 with representative organisms. 
Green letters represent >60% conservation and Red, >85% 
across species. The loop is highly conserved across mammalian 
species, with high similarity even across distant species such as 
X. leavis. X. leavis retains two close matches, while other or- 
ganisms contain one. (B) Comparison of human related TCRV 
with significant similarity. Only two TCRVα, 7-1 and 20-1, 
show any homology. Red letters, amino acid hydrogen bond 
with ligands, Green, backbone hydrogen bonds with ligand. 
Both show mutations rendering the loop incapable of binding 
nucleotides, indicated with blue bar underneath. (C) Align-
ments of the two human TCRVα showing overlapped K- > L/F 
at position 55, and T- > M/L at position 57. Mutated residues 
occupy most of the loop pocket. 

 

Figure 2. Docked ligands on TCR models. (A) Control 
TCRVβ9/Vα12-2 with bound SMX in CDR3α loop (B) Control 
TCRVβ5-1/Vα9-2 with bound SMX to two sites on the TCRVβ 
domain. Yellow, Vβ Blue Vα. (C) TCRVβ20-1/Vα17-1 with 
bound SMX in the CDR2β loop. (D) Same as (C), with GDP 
bound in same pocket. Residues shown in (C), (D) make up 
part of the ligand binding pocket. In (A), (B) residues shown 
are for orientation of the TCR to the viewer. (A) and (C) both 
represent data shown in ref [2]. 
 
between TCR. Clear differences are observed in docking 
patterns which either show expected CDR3 loop recog- 
nition (Figure 2(A)) of compounds shown to cause ADR, 
or represent novel sites which may have further rele- 
vance (Figures 2(B) and (C)). In all cases, further work 
is necessary to delineate real versus non-significant 
docked sites. This is highlighted with the TCRVβ20-1, 
where similar non-activating compounds have only very 
subtle differences in docking conformations from acti- 
vating compounds. 

3.3. Docking of Nucleotides 

Based on association with Vβ20-1/Vα17-1/CD4 + T 
cells with Sjögren’s syndrome tissue damage, we chose 
to coordinate nucleotide analogues with TCR bearing 
SMX docked sites. These were limited to GTP, GDP, 
cGMP, ATP, ADP, and cAMP as a representative pool. 
Control TCR not containing TCRVβ20-1, but harboring 
strong affinity for SMX failed to dock any nucleotide 
analogues. Interestingly the CDR2β loop of the 
TCRVβ20-1 readily docked GTP, GDP, ATP and ADP, 
but not either cyclic compound based on a cutoff of −6.5 
kcal/mol. For GTP and GDP the affinity was −8.5 
kcal/mol, which was much higher than SMX at −6.5 
kcal/mol, however the same residues were involved with 
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binding all nucleotides (Figure 2(D)). In all cases, the 
TYR58 was the highest energy bond formed, at 1.8 Å 
between TYR58 OH and O3’ of the nucleotide sugar ring. 
With nucleotide docking, unlike SMX, there was an ad- 
ditional interaction with the backbone of HIS71, mostly 
from size differences in the small molecules. This en- 
tailed a hydrogen bond with the guanine or adenine ter- 
minal NH2 and the amide O of HIS71. 

OPEN ACCESS 

3.4. Sulfanilamide Proliferation Assays 

We previously conducted Sulfanilamide proliferation 
assays for 12 compounds, inclusive of SMX (Figure 3). 
This showed a particular patter for a control TCRVβ20-1/ 
Vα17-1 + T cell clone (Figure 3(C)). To further correlate 
a generalized Vβ20-1 profile, and to add significance to 
our Vβ20-1/CD4 pull down cell pool, these were also 
subject to the same proliferation assay (Figure 3(D)). 
Not shown, we also conducted the same assay with only 
Vβ20-1 pull downs, heterogeneous for CD4/CD8, which 
contained a significant background. These showed only 
conclusive response from SMX above a CPM back- 
ground of 15,000. For the double pull down, a clear pat- 
tern matching the original single T cell isolate was de- 
termined. This also shows a significant background due 
to heterogeneity in TCRVα, however demonstrate a uni- 
form response between CD4/Vβ20-1 double positive 

phenotypes. Additionally, the experimental set up utilized 
Epstein bar virus immortalized B cells specifically con- 
taining HLA DRB10, to make sure the experiments were 
all conducted exact. These were non-autologous for the 
pull down CD4/TCRVβ20-1 pool. 

3.5. Molecular Dynamics of TCRVβ20-1 

Molecular dynamics is used as a type of solubility test 
further validating docked small molecules in rational 
drug design strategies [30,31]. These allow the effects of 
water and ion mixtures, along with temperature to be 
incorporated into the computational design, or behavior 
of sites of interest. These also allow the time of occu-
pancy for a small molecule for a particular protein site to 
be determined, which is missing from docking analysis 
alone. Using a standard simulation set up, the initial 
docked conformations of GDP, SMX and Sulfadimeth-
oxine (SDM), a sulfanilamide found to not stimulate T 
cells containing TCRVβ20-1, were allowed to run for 10 
ns (Figure 4). This later compound was used as a nega- 
tive control, while SMX served as a positive control 
based on cross correlated docking and proliferation. 

Both SMX and GDP remain in the CDR2β loop, while 
SDM moves from the pocket almost immediately, how- 
ever rolls on the surface of the TCR or becomes solvated 
transiently. Visually, the SDM sulfanilamide-substituted 

 

 
(A)                                                            (B) 

 
(C)                                                            (D) 

Figure 3. Sulfanilamide Proliferation Responses. (A) TCRVβ9/Vα12-2 sulfanilamide cross reactivity, (B) TCRVβ5-1/Vα9-2 cross 
reactivity, (C) TCRVβ20-1/Vα17-1 cross reactivity, and (D) TCRVβ20-1/CD4+ pull down pool cross reactivity. Solid second x-axis 
line across graphs represents background cut off. In all EBV-BCLC were used as APC, which were non-autologous for the pull down 
pool. Shown are means of triplicates experiments with three wells each experiment, grey bars, with STDV as black error bars. (A), (C) 

ere both shown as figure in prior work [2].  w 
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Figure 4. TCR bound ligand molecular dynamic simulation in 
solvent. Shown are 10 nanosecond simulations of indicated 
ligand starting from docked conformations in the CDR2 loop of 
TCRVβ20-1. Colored line coordinates to mean distance from 
Center of mass (COM) of small molecule from TYR58 as cen-
tral residue in the pocket. Light fluctuating lines are actual 
position at 5 picosecond intervals. Both SMX, blue and GDP, 
red, remain bound in the pocket, and SMX adopts a slightly 
tighter bound conformation within the pocket at 5.5 nanosec-
onds. SDM, green, leaves the pocket almost immediately. 

 
group hinders the SO2 and terminal NH2 of the sulfa- 
nilamide core from properly orienting itself within the 
CDR2β loop, while also allowing greater interactions 
overall with solvent. This illustrates a very fine specific- 
ity for not only the CDR2 loop, but also any site that may 
show a difference for closely related compounds differ- 
ing by only small angles or distances at the atomic level. 
For SMX and GDP, the main interaction is with the sul- 
fanilamide core, or the nucleotide core, also inclusive of 
the SO2 or first PO2 group and the 3’ O of the sugar ring. 
Both SMX and GDP slightly reoriented positions, around 
0.8 - 1 ns and 5.5 ns. For GDP this is inclusive of HIS 71 
interactions with the terminal NH2 of the nucleotide. 
This secondary computational analysis indicates the 
docking software properly found docked versus non- 
docked compounds, even with closely related SDM and 
SMX. Additionally, a dynamic process is observed with 
hydrogen bonding within the pocket alternating between 
closely spaced residues and loop backbone atoms. 
Through the entire simulation, hydrogen bonding with 
TYR58 is maintained for both bound molecules. 

3.6. Nucleotide Induced Proliferation 

A simple nucleotide proliferation assay was conducted 
for TCRVβ5-1/Vα9-2, TCRVβ9/Vα12-2 monocultures 
and the CDR4/TCRVβ20-1 pull down pool (Figure 5). 
This later remains heterogeneous for the TCRVα used by 
cells. Proliferation profiles show nucleotides ATP, ADP, 
GTP, GDP and SMX as a positive control to test for 
stimulation capacity. Clones containing TCRVβ5-1/ Vα9- 
2 or TCRVβ9/Vα12-2, had shown a proliferative re- 
sponse to SMX, and sulfanilamide derivatives SMT, 
STH, and SMP or only SMX respectively but also have 
differences in background obtained. Significant prolif- 
eration was shown only in the CDR4/TCRVβ20-1 pull 
down pool for any of the nucleotides tested, p-values < 
0.01, however the binding affinities from docking did not 
correlate to strength of proliferative response. The pro- 
liferative response itself is well above background, but 
less than SMX. This indicates adenine and guanine-di or 
-tri nucleotides themselves can act as ligands, inducing 
proliferation in T cells containing Vβ20-1. For the con- 
trol clonotype TCRVβ5-1/Vα9-2, a very weak response 
is observed for ATP and ADP not mirrored with the 
TCRVβ9/Vα12-2. For either nucleotide respectively, the 
p-values were 0.14 and 0.058, but highlight differences 
observed in the control pool well. These responses to- 
gether reflect the confounding data represented in litera- 
ture regarding CD4+ T cell nucleotide responses, with 
the CD4/Vβ20-1 + pool well above the weak responses 
reported for cells responding to ATP alone [27-29]. 
Overall, this indicates the docking software is able to 
determine correct interacting sites on TCR. 

4. DISCUSSION 

Work presented here builds on an initial study de- 
signed to characterize non-classical TCR mediated drug 
allergies to sulfanilamides, in particular SMX. For most 
of these ADR, significant overlap exists with autoim- 
mune disorders, with ADR even being referred to as the 
imitator of disease [41]. In either, there are mitigating 
factors involved, often due to the number of different 
components involved. These range from multiple cell 
types to differences in similar cells behavioral responses, 
or even varied chemokines produced by the same cells 
under different stimulus [14,18,42,43]. Our aim was to 
utilize determined sites relevant for ADR that show hy- 
per proliferative responses in T cells and correlate these 
with a disease model associated with our developed 
models. This entailed both a Vβ20-1 association, along 
with autoimmune disease found to bear hyper prolifera- 
tive T cells. From literary review, we found Sjögren’s 
syndrome overlapped somewhat with prior work. Un-
derlying this, we sought to determine other mitigating  
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(A) 

 
(B) 

 
(C) 

Figure 5. Nucleotide Induced Proliferation. (A) TCRVβ9/V α12-2 nucleotide prolif-
eration (B) TCRVβ5-1/Vα9-2 nucleotide proliferation and (C) TCRVβ20-1/CD4 + 
pull down nucleotide proliferation. In all, SMX is used also as a positive control, 
along with PHA. In (B), a slight response above background was noted, but not sig-
nificant. Solid secondary x-axis line in all across graph indicates background. Non- 
continuous line in (B), (C) shows background column used for 1 way ANOVA sig-
nificance tests for each individual nucleotide, or SMX in (C). Each is triplicate ex-
periments with three wells each experiment, means, grey bars, STDV, black error bars. 
Autologous APC were used for each.  

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



S. Watkins, W. J. Pichler / Open Journal of Immunology 3 (2013) 165-174 172 

 
aspects of the disease model that could be highlighted by 
the ADR work already conducted. 

Based on this, we conducted nucleotide docking across 
TCR containing variable domains β20-1 and α17-1, along 
with control TCR also found to bind to SMX with high 
affinity. Our initial computer work showed TCRVβ20-1 
specificity for guanine and adenine di- and tri-nucleo- 
tides, while failing to bind to cyclic mono phosphate 
analogues. While neither control TCR bound any nucleo- 
tides tested, other TCR in the entire TCR repertoire may 
harbor sites not tested. T cells containing the two control 
TCR, and T cell pools typed only for TCRVβ20-1/CD4 
also correlated with the docking. This also demonstrated 
GTP, GDP, ATP and ADP as ligands capable of causing 
hyper proliferation with T cells containing variable do- 
main β20-1. 

Correlated with Sjögren’s syndrome this particular as- 
pect of T cells containing this β subtype, possibly fur- 
thered by α subtype as well, has significance [7,44]. One 
aspect of ADR is the wide spectrum of responses ob- 
served, which can vary depending on the compound in-
volved. The compound here, SMX, has shown a range of 
responses from Steven’s-Johnson syndrome to simple 
papular eruptions, with no direct correlation [45,46]. 
Other compounds such as Carbamazepine show either 
skewed TCR subtypes or HLA type associations [4,17, 
42]. Underlying aspects, such as a particular binding site 
on T cell subsets for a natural ligand, which subsequently 
recognizes a foreign compound as well could explain 
some differences.  

In Sjögren’s syndrome, both STAT4 up regulation due 
to promoter mutations and often similar up regulation of 
basement membrane proteins such as Lamaninα2 are a 
pre-defining factor [24,26]. As a possible mitigating fac- 
tor, guanine nucleotides would be abundant, as most pa- 
tients also show Ig produced against RhoGTPases, 
molecules that would target most cells in the body [14]. 
Adenine nucleotides have been shown to play modulator 
rolls in CD4+ T cell responses, and the elevated abun- 
dance of either nucleotide in damage tissue would make 
them likely candidates for multiple targets effecting re- 
sponses [27]. Mucosal specific T cell subsets have been 
characterized in a small pool of studies, showing a TCR 
homogenous for variable β20-1 that also overlaps with 
resident skin CD4+ T cells, or Sjögren’s isolated T cells, 
also marking them as possible similar responsive subsets 
[11,12]. This may explain the focalized aspect of both 
autoimmune disease involving any of these subsets of 
cells, and often SMX induced ADR involving papular or 
focalized mucosal eruptions.  

While further work would be required to define these 
aspects in more detail, the findings here illustrate the use 
of combined computational and direct cellular research 
techniques to other disease-based models and ADR. As 

nucleotides were directly shown to be involved with 
these TCR as a previously undefined mitigating factor, 
research into ADR pathologies can be shown to open up 
new possibilities for not only disease models, but also 
possibly more precise disease treatment strategies. These 
strategies should foster such techniques when practical, 
for instance, targeting specific T cell subsets based on 
only TCRVβ or α repertoire. Already techniques are em- 
ployed with generalized phenotype approaches, such as 
modulation of Th17 responses or vaccination in multiple 
sclerosis against the CDR2 loop of TCRVβ5-1 [47,48]. 
Even more precise targeting in autoimmune disease 
would increase safety aspects associated with immune 
manipulation in general by decreasing functional loss of 
a portion of immune protection to a minimum achievable 
point. 

5. CONCLUSION 

T cells double positive for TCRVβ20-1/CD4 prolifer- 
ate in the presence of guanine and adenine nucleotides 
when antigen-presenting cells alone are present. The 
identified binding site is free of the pHLA interface, and 
correlates with an SMX determined site previously found 
to cause hyper proliferation in ADR models. This site 
itself is an evolutionary conserved CDR2 loop of this 
variable domain, a site free of TCR hyper variable re- 
arrangement found in the normal TCR restriction process. 
Because of this conserved aspect, T cells positive for 
TCRVβ20-1 have a clear roll in both allergic responses to 
compounds also found to bind at this site, and also as 
players in diseases associated with T cell subsets always 
positive for this variable domain. Additionally, the TCR 
here adds a further role for free extracellular nucleotides 
to the entire inflammatory response through this mecha- 
nism of proliferative response, which differs from other 
known nucleotide based immune cell responses. 

 

REFERENCES 
[1] Moza, B., Varma, A.K., Buonpane, R.A., Zhu, P., Herfst, 

C.A., et al. (2007) Structural basis of T-cell specificity 
and activation by the bacterial superantigen TSST-1. 
EMBO Journal, 26, 1187-1197.  
doi:10.1038/sj.emboj.7601531 

[2] Watkins, S.L. and Pichler, W.J. (2013) Activating interac- 
tions of sulfanilamides with T cell receptors. Open Jour- 
nal of Immunology, 3, in press. 

[3] Engler, O.B., Strasser, I., Naisbitt, D.J., Cerny, A. and Pi- 
chler, W.J. (2004) A chemically inert drug can stimulate T 
cells in vitro by their T cell receptor in non-sensitised in- 
dividuals. Toxicology, 197, 47-56.  
doi:10.1016/j.tox.2003.12.008 

[4] Ko, T.M., Chung, W.H., Wei, C.Y., Shih, H.Y., Chen, J.K., 
et al. (2011) Shared and restricted T-cell receptor use is 
crucial for carbamazepine-induced Stevens-Johnson syn- 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

http://dx.doi.org/10.1038/sj.emboj.7601531
http://dx.doi.org/10.1016/j.tox.2003.12.008


S. Watkins, W. J. Pichler / Open Journal of Immunology 3 (2013) 165-174 173

drome. Journal of Allergy and Clinical Immunology, 128, 
1266-1276. 

[5] Komatsu, T., Moriya, N. and Shiohara, T. (1996) T cell 
receptor (TCR) repertoire and function of human epider- 
mal T cells: Restricted TCR V alpha-V beta genes are 
utilized by T cells residing in the lesional epidermis in 
fixed drug eruption. Clinical & Experimental Immunol- 
ogy, 104, 343-350. 
doi:10.1046/j.1365-2249.1996.30738.x 

[6] Sumida, T., Kita, Y., Yonaha, F., Maeda, T., Iwamoto, I., 
et al. (1994) T cell receptor V alpha repertoire of infil- 
trating T cells in labial salivary glands from patients with 
Sjogren’s syndrome. Journal of Rheumatology, 21, 1655- 
1661. 

[7] Sumida, T., Yonaha, F., Maeda, T., Tanabe, E., Koike, T., 
et al. (1992) T cell receptor repertoire of infiltrating T 
cells in lips of Sjogren’s syndrome patients. Journal of 
Clinical Investigation, 89, 681-685.  
doi:10.1172/JCI115635 

[8] Wucherpfennig, K.W. and Hafler, D.A. (1995) A review 
of T-cell receptors in multiple sclerosis: Clonal expansion 
and persistence of human T-cells specific for an immu- 
nodominant myelin basic protein peptide. Annals of the 
New York Academy of Sciences, 756, 241-258.  
doi:10.1111/j.1749-6632.1995.tb44522.x 

[9] He, X., Rosloniec, E.F., Myers, L.K., McColgan, W.L., 
Gumanovskaya, M., et al. (2004) T cell receptors recog- 
nizing type II collagen in HLA-DR-transgenic mice cha- 
racterized by highly restricted V beta usage. Arthritis & 
Rheumatism, 50, 1996-2004. doi:10.1002/art.20289 

[10] Thompson, S.D., Murray, K.J., Grom, A.A., Passo, M.H., 
Choi, E., et al. (1998) Comparative sequence analysis of 
the human T cell receptor beta chain in juvenile rheuma- 
toid arthritis and juvenile spondylarthropathies: Evidence 
for antigenic selection of T cells in the synovium. Arthri- 
tis & Rheumatism, 41, 482-497.  
doi:10.1002/1529-0131(199803)41:3<482::AID-ART15>
3.0.CO;2-G 

[11] Lopez-Sagaseta, J., Dulberger, C.L., Crooks, J.E., Parks, 
C.D., Luoma, A.M., et al. (2013) The molecular basis for 
Mucosal-Associated Invariant T cell recognition of MR1 
proteins. Proceedings of the National Academy of Sci- 
ences of USA, 110, E1771-1778. 
doi:10.1073/pnas.1222678110 

[12] Reantragoon, R., Kjer-Nielsen, L., Patel, O., Chen, Z., Ill- 
ing, P.T., et al. (2012) Structural insight into MR1-medi- 
ated recognition of the mucosal associated invariant T 
cell receptor. Journal of Experimental Medicine, 209, 
761-774. doi:10.1084/jem.20112095 

[13] Pichler, W.J. (2003) Delayed drug hypersensitivity reac- 
tions. Annals of Internal Medicine, 139, 683-693. 
doi:10.7326/0003-4819-139-8-200310210-00012 

[14] Garcia-Carrasco, M., Fuentes-Alexandro, S., Escarcega, 
R.O., Salgado, G., Riebeling, C., et al. (2006) Pathophy- 
siology of Sjogren’s syndrome. Archives of Medical Re- 
search, 37, 921-932. doi:10.1016/j.arcmed.2006.08.002 

[15] de Bakker, P.I., McVean, G., Sabeti, P.C., Miretti, M.M., 
Green, T., et al. (2006) A high-resolution HLA and SNP 
haplotype map for disease association studies in the ex- 

tended human MHC. Nature Genetics, 38, 1166-1172. 
doi:10.1038/ng1885 

[16] Wei, C.Y., Chung, W.H., Huang, H.W., Chen, Y.T. and 
Hung, S.I. (2012) Direct interaction between HLA-B and 
carbamazepine activates T cells in patients with Stevens- 
Johnson syndrome. Journal of Allergy and Clinical Im- 
munology, 129, 1562-1569. 

[17] Yang, C.W., Hung, S.I., Juo, C.G., Lin, Y.P., Fang, W.H., 
et al. (2007) HLA-B*1502-bound peptides: Implications 
for the pathogenesis of carbamazepine-induced Stevens- 
Johnson syndrome. Journal of Allergy and Clinical Im- 
munology, 120, 870-877. doi:10.1016/j.jaci.2007.06.017 

[18] Hart, B.A., Hintzen, R.Q. and Laman, J.D. (2009) Multi- 
ple sclerosis: A response-to-damage model. Trends in 
Molecular Medicine, 15, 235-244. 

[19] Wei, C.Y., Ko, T.M., Shen, C.Y. and Chen, Y.T. (2012) A 
recent update of pharmacogenomics in drug-induced se- 
vere skin reactions. Drug Metabolism and Pharmacoki- 
netics, 27, 132-141. 
doi:10.2133/dmpk.DMPK-11-RV-116 

[20] Adam, J., Pichler, W.J. and Yerly, D. (2011) Delayed drug 
hypersensitivity: Models of T-cell stimulation. British Jour- 
nal of Clinical Pharmacology, 71, 701-707.  
doi:10.1111/j.1365-2125.2010.03764.x 

[21] Pichler, W.J., Beeler, A., Keller, M., Lerch, M., Posadas, 
S., et al. (2006) Pharmacological interaction of drugs 
with immune receptors: the p-i concept. Allergology In- 
ternational, 55, 17-25. doi:10.2332/allergolint.55.17 

[22] von Greyerz, S., Zanni, M.P., Frutig, K., Schnyder, B., 
Burkhart, C., et al. (1999) Interaction of sulfonamide de- 
rivatives with the TCR of sulfamethoxazole-specific hu- 
man alpha beta + T cell clones. Journal of Immunology, 
162, 595-602. 

[23] Yamamoto, T., Katayama, I. and Nishioka, K. (1998) Ana- 
lysis of T cell receptor Vbeta repertoires of annular ery- 
thema associated with Sjogren’s syndrome. European Jour- 
nal of Dermatology, 8, 248-251. 

[24] McArthur, C.P., Daniels, P.J., Kragel, P., Howard, P.F. and 
Julian, L. (1997) Sjogren’s syndrome salivary gland im- 
munopathology: Increased laminin expression precedes 
lymphocytic infiltration. Journal of Autoimmunity, 10, 
59-65. doi:10.1006/jaut.1996.0109 

[25] Miceli-Richard, C., Gestermann, N., Ittah, M., Comets, E., 
Loiseau, P., et al. (2009) The CGGGG insertion/deletion 
polymorphism of the IRF5 promoter is a strong risk fac- 
tor for primary Sjogren’s syndrome. Arthritis & Rheuma- 
tism, 60, 1991-1997. doi:10.1002/art.24662 

[26] Nordmark, G., Kristjansdottir, G., Theander, E., Eriksson, 
P., Brun, J.G., et al. (2009) Additive effects of the major 
risk alleles of IRF5 and STAT4 in primary Sjogren’s syn- 
drome. Genes & Immunity, 10, 68-76.  
doi:10.1038/gene.2008.94 

[27] Di Virgilio, F., Boeynaems, J.M. and Robson, S.C. (2009) 
Extracellular nucleotides as negative modulators of im- 
munity. Current Opinion in Pharmacology, 9, 507-513. 
doi:10.1016/j.coph.2009.06.021 

[28] Di Virgilio, F., Chiozzi, P., Ferrari, D., Falzoni, S., Sanz, 
J.M., et al. (2001) Nucleotide receptors: An emerging fa- 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

http://dx.doi.org/10.1046/j.1365-2249.1996.30738.x
http://dx.doi.org/10.1172/JCI115635
http://dx.doi.org/10.1111/j.1749-6632.1995.tb44522.x
http://dx.doi.org/10.1002/art.20289
http://dx.doi.org/10.1002/1529-0131(199803)41:3%3C482::AID-ART15%3E3.0.CO;2-G
http://dx.doi.org/10.1002/1529-0131(199803)41:3%3C482::AID-ART15%3E3.0.CO;2-G
http://dx.doi.org/10.1073/pnas.1222678110
http://dx.doi.org/10.1084/jem.20112095
http://dx.doi.org/10.7326/0003-4819-139-8-200310210-00012
http://dx.doi.org/10.1016/j.arcmed.2006.08.002
http://dx.doi.org/10.1038/ng1885
http://dx.doi.org/10.1016/j.jaci.2007.06.017
http://dx.doi.org/10.2133/dmpk.DMPK-11-RV-116
http://dx.doi.org/10.1111/j.1365-2125.2010.03764.x
http://dx.doi.org/10.2332/allergolint.55.17
http://dx.doi.org/10.1006/jaut.1996.0109
http://dx.doi.org/10.1002/art.24662
http://dx.doi.org/10.1038/gene.2008.94
http://dx.doi.org/10.1016/j.coph.2009.06.021


S. Watkins, W. J. Pichler / Open Journal of Immunology 3 (2013) 165-174 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

174 

mily of regulatory molecules in blood cells. Blood, 97, 
587-600. doi:10.1182/blood.V97.3.587 

[29] Duhant, X., Schandene, L., Bruyns, C., Gonzalez, N.S., 
Goldman, M., et al. (2002) Extracellular adenine nucleo- 
tides inhibit the activation of human CD4+ T lympho- 
cytes. Journal of Immunology, 169, 15-21.  
doi:10.1002/med.20067 

[30] Alonso, H., Bliznyuk, A.A. and Gready, J.E. (2006) Com- 
bining docking and molecular dynamic simulations in 
drug design. Medicinal Research Reviews, 26, 531-568.  
doi:10.1002/med.20067 

[31] Cichero, E., D'Ursi, P., Moscatelli, M., Bruno, O., Orro, 
A., et al. (2013) Homology modeling, docking studies 
and molecular dynamic simulations using GPU architec- 
ture to probe the type-11 Phosphodiesterase (PDE11) 
catalytic site: A computational approach for the rational 
design of selective inhibitors. Chemical Biology & Drug 
Design. 

[32] Arnold, K., Bordoli, L., Kopp, J. and Schwede, T. (2006) 
The SWISS-MODEL workspace: A web-based environ- 
ment for protein structure homology modelling. Bioin- 
formatics, 22, 195-201.  
doi:10.1093/bioinformatics/bti770 

[33] Van Der Spoel, D., Lindahl, E., Hess, B., Groenhof, G., 
Mark, A.E., et al. (2005) GROMACS: Fast, flexible, and 
free. Journal of Computational Chemistry, 26, 1701-1718. 
doi:10.1002/jcc.20291 

[34] Oostenbrink, C., Soares, T.A., van der Vegt, N.F. and van 
Gunsteren, W.F. (2005) Validation of the 53A6 GROMOS 
force field. European Biophysics Journal, 34, 273-284. 
doi:10.1007/s00249-004-0448-6 

[35] von Greyerz, S., Bultemann, G., Schnyder, K., Burkhart, 
C., Lotti, B., et al. (2001) Degeneracy and additional al- 
loreactivity of drug-specific human alpha beta(+) T cell 
clones. International Immunology, 13, 877-885. 
doi:10.1093/intimm/13.7.877 

[36] Seeliger, D and de Groot, B.L. (2010) Ligand docking 
and binding site analysis with PyMOL and Autodock/ 
Vina. Journal of Computer-Aided Molecular Design, 24, 
417-422. doi:10.1007/s10822-010-9352-6 

[37] Trott, O. and Olson, A.J. (2010) AutoDock Vina: Im- 
proving the speed and accuracy of docking with a new 
scoring function, efficient optimization, and multithread- 
ing. Journal of Computational Chemistry, 31, 455-461. 

[38] Criscitiello, M.F., Ohta, Y., Saltis, M., McKinney, E.C. 
and Flajnik, M.F. (2010) Evolutionarily conserved TCR 
binding sites, identification of T cells in primary lym- 
phoid tissues, and surprising trans-rearrangements in 

nurse shark. The Journal of Immunology, 184, 6950-6960. 
doi:10.4049/jimmunol.0902774 

[39] Dzik, J.M. (2010) The ancestry and cumulative evolution 
of immune reactions. Acta Biochimica Polonica, 57, 443- 
466. 

[40] Mikami, T., Miyashita, H., Takatsuka, S., Kuroki, Y. and 
Matsushima, N. (2012) Molecular evolution of vertebrate 
Toll-like receptors: Evolutionary rate difference between 
their leucine-rich repeats and their TIR domains. Gene, 
503, 235-243. doi:10.1016/j.gene.2012.04.007 

[41] Posadas, S.J. and Pichler, W.J. (2007) Delayed drug hy- 
persensitivity reactions-new concepts. Clinical & Expe- 
rimental Allergy, 37, 989-999. 
 doi:10.1111/j.1365-2222.2007.02742.x 

[42] Naisbitt, D.J., Britschgi, M., Wong, G., Farrell, J., Depta, 
J.P., et al. (2003) Hypersensitivity reactions to carbama- 
zepine: Characterization of the specificity, phenotype, and 
cytokine profile of drug-specific T cell clones. Molecular 
Pharmacology, 63, 732-741.  

[43] Mauri-Hellweg, D., Bettens, F., Mauri, D., Brander, C., 
Hunziker, T., et al. (1995) Activation of drug-specific 
CD4+ and CD8+ T cells in individuals allergic to sul- 
fonamides, phenytoin, and carbamazepine. Journal of Im- 
munology, 155, 462-472.  

[44] Murata, H., Kita, Y., Sakamoto, A., Matsumoto, I., Ma- 
tsumura, R., et al. (1995) Limited TCR repertoire of infil- 
trating T cells in the kidneys of Sjogren’s syndrome pa- 
tients with interstitial nephritis. Journal of Immunology, 
155, 4084-4089.  

[45] Miah, M.A., Ahmed, S.S., Chowdhury, S.A., Begum, F. 
and Rahman, S.H. (2008) Fixed drug eruptions due to co- 
trimoxazole. Mymensingh Medical Journal, 17, S1-S5. 

[46] Taqi, S.A., Zaki, S.A., Nilofer, A.R. and Sami, L.B. (2012) 
Trimethoprim-sulfamethoxazole-induced Steven Johnson 
syndrome in an HIV-infected patient. Indian Journal of 
Pharmacology, 44, 533-535.  
doi:10.4103/0253-7613.99346 

[47] Vandenbark, A.A., Culbertson, N.E., Bartholomew, R.M., 
Huan, J., Agotsch, M., et al. (2008) Therapeutic vaccine- 
tion with a trivalent T-cell receptor (TCR) peptide vaccine 
restores deficient FoxP3 expression and TCR recognition 
in subjects with multiple sclerosis. Immunology, 123, 66- 
78. doi:10.1111/j.1365-2567.2007.02703.x 

[48] de Haan, E.C., Moret, E.E., Wagenaar-Hilbers, J.P., Lis- 
kamp, R.M. and Wauben, M.H. (2005) Possibilities and 
limitations in the rational design of modified peptides for 
T cell mediated immunotherapy. Molecular Immunology, 
42, 365-373. doi:10.1016/j.molimm.2004.07.015

 
 
 
ABBREVIATIONS 

TCR, T cell receptor; TCRV, TCR variable domain; ADR, 
Adverse drug 553 reactions; SMX, Sulfamethoxazole; 
SDM, Sulfadimethoxine; Vα/β, TCRV alpha/beta; Ig, 
Immunoglobulin. 
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