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1. ABSTRACT 
 
 Perhaps behind only the understanding of the 
genetic code in importance is the comprehension of protein 
sequence and structure in its effect on modern scientific 
investigation. How proteins are structured and interact 
dictates a considerable amount of the body’s processes in 
maintaining homeostasis. Unfortunately, in diseases of 
autoimmunity, these processes are directed against the body 
itself and most of the current clinical responses are severely 
lacking. This review addresses current therapeutics 
involved in the treatment of various autoimmune diseases 
and details potential future therapeutics designed with a 
more targeted approach. Detailed in this manuscript is the 
concept of utilizing peptides possessing an inverse hydropathy 
to the immunogenic region of proteins to generate anti-
idiotypic (anti-Id) and anti-clonotypic T cell receptor (TCR) 
antibodies (Abs). Theoretically, the anti-Id Abs cross react 
with Id Abs and negate the powerful machinery of the adaptive 
immune response with little to no side effects. A series of 
studies by a number of groups have shown this to be an 
exciting and intriguing concept that will likely play a role in 
the future treatment of autoimmune diseases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 
 There are many instances where the nature of 
peptide-peptide interaction plays a critical role in the 
maintenance of homeostasis in humans. Ligand/receptor, 
Ab/antigen, protein production and folding are all processes 
dependant upon specific and coordinated peptide/peptide 
interaction. Perhaps nowhere is this more readily apparent 
than in the case of autoimmune disease. Autoimmunity is a 
condition that has been reported to afflict 1 in 31 people in 
the United States alone (1). While there are low level 
amounts of self-reactive T cells and auto-Abs detected in 
the healthy population, they are held in check by a system 
of regulatory T cells (Treg) and both Id and anti-Id Abs (2-
4). It is when there is a dysregulation of this system of Treg 
cells and Abs that autoimmunity occurs. The most obvious 
culprit for the initiation of autoimmunity is a genetic factor 
although it is unknown to what extent environmental 
components come in to play (5, 6). This review will discuss 
the current treatment modalities for various autoimmune 
diseases, the potential for vaccines and/or treatments 
designed on peptide-peptide interactions, and briefly 
discuss other areas outside autoimmunity where a more 
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complete knowledge of peptide interaction(s) is making an 
impact. 
 
3. CURRENT TREATMENT MODALITIES IN 
AUTOIMMUNE DISEASES 
 
3.1. Graves’ disease 
 Graves’disease, or Graves’ hyperthyroidism, is 
caused by IgG auto-Abs that bind and activate the 
thyrotropin receptor of thyroid cells (7). Graves’ is 
characterized by thyroid hypertrophy with the possible 
formation of a goiter, ophthalmopathy, and weight loss 
with increased appetite (8). The most attractive treatment 
for this condition would obviously be to ablate the auto-
Abs present and restore natural thyroid function; 
unfortunately the current therapies are much less 
sophisticated. Standard clinical treatment today consists 
mainly of reducing hypertrophy of the thyroid through anti-
thyroid medications, radio-isotopes of iodine, or finally, 
surgery (9, 10). Sadly, these treatments are limited by only 
indirectly addressing the disease, similar to cancer, the 
disease is never said to be “cured,” a patient can merely 
reach “remission” a state that they will fight to maintain for 
the rest of their lives. 
 
3.2. Multiple sclerosis 
 Multiple sclerosis (MS) is neurodegenerative 
disorder caused by incorrect recognition of the myelin 
sheathes of the central nervous system (CNS) by the 
immune system (11). Unlike Graves’ disease, the clinical 
approach in MS focuses more on the immune system itself. 
Interferon-beta (IFN-beta), a cytokine is one of the most 
common therapies used in the treatment of MS. IFN-beta 
treatment has been shown to reduce MS exacerbation 
frequency, although the specific mechanism of action 
remains unclear (12). Copaxone, or glatiramer acetate, is a 
polypeptide mimetic of myelin sheath proteins, and is 
believed to reduce the available auto-Abs (13, 14). 
Unfortunately, both of these treatments are not conducive 
to high quality of life due to the frequency of injection 
required and unsure efficacy. 
 
3.3. Guillain-Barre Syndrome 
 Guillain-Barre Syndrome (GBS) is another 
neurodegenerative demyelinating disease caused by auto-
reactive Abs. GBS is a disease of the peripheral nervous 
system, however, and is characterized by ascending 
paralysis and typically associated with an acute infection 
(15). At least 25% of patients with GBS will undergo 
ventilation during the acute phase and with 3.5-12% of 
patients dying of complications in this phase. Once the 
patient is stabilized, maintenance therapy begins, with 
plasmapheresis and intravenous immunoglobulin (IVIg) 
being the most common. While these provide a reduction in 
frequency and length of hospital stay, they are by no means 
curative and many patients have chronic fatigue associated 
with the disease (16). 
 
3.4. Myasthenia gravis 
 Myasthenia gravis (MG) is caused by auto-
reactive Abs to the alpha-chain of the nicotinic 
acetylcholine receptor (nAChR), resulting in ptosis, fatigue, 

and possible pulmonary impairment (17, 18). Broad 
immunosuppressive therapies such as; steroid treatment, 
thymectomy, and acetylcholinesterase inhibitors can be 
effective but are accompanied by a variety of deleterious 
side effects (19). Additionally, the efficacy of the 
therapeutics used to treat MG decreases over time, resulting 
in increasing relapsing/remitting cycles of symptomatic 
disease.  
 
4. DESIGN OF FUTURE THERAPEUTICS 
 
4.1. Optimum treatment and roadblocks 
 The optimal treatment for any autoimmune 
disease would be the ablation of the recognition of self, and 
a return to normal homeostasis. There are, unfortunately, 
several factors that make this extremely difficult to achieve. 
Perhaps the most important impediment to 
immunomodulation is the fact that the vast majority of 
auto-Ab reactions and auto-reactive T cell responses are 
polyclonal in nature, making a treatment designed against a 
single Ab Id or TCR irrelevant. Additionally, as has been 
previously described the presence of epitope spreading – in 
which cross reaction with a single portion of an antigen 
induces further cross reaction of Ab with more epitopes of 
the same antigen and increase the immune response (20-
22). Perhaps the most therapeutic idea is one that has been 
gaining ground for the last several decades, and is rapidly 
being utilized in several of the diseases discussed above: 
antigen receptor mimetic (ARM) induced anti-Id response. 
 
4.2. Molecular recognition theory and sense/anti-sense 
interaction 
 The molecular recognition theory (MRT) was 
initially proposed by Blalock and Smith based upon the 
concept that complementary strands of DNA would encode 
peptides that would exhibit inverse hydropathic signatures 
(23). The idea being that due to the inverse hydropathy and 
subsequent mirror image of tertiary structure, the sense (5’-
3’) and anti-sense (3’-5’) peptides would bind in specific 
and predictable manner (24, 25). It has been well 
established that almost regardless of amino acid identity, 
the tertiary structure of a protein can be reliably predicted 
through analysis of the pattern of hydrophobic and 
hydrophilic residues in the primary amino acid sequence 
(20). Indeed, the initial system used to test this theory was 
the binding of corticotrophin (ACTH) and a reverse-
engineered synthetic peptide representing a 5’-3’ or 3’-5’ 
translation of the antisense RNA for ACTH, dubbed HTCA 
(26). ACTH and HTCA bound in a high affinity and 
titratable fashion. Through this and other work it was 
determined that the tertiary structure of a protein could be 
predicted based on its hydropathic profile. Hydrophobic 
residues tend to arrange themselves towards the interior of 
the protein, and hydrophilic amino acids reside outwardly. 
It is because of this natural arrangement that the external 
“landscape” of the sense peptide/protein, and its 
complement would be able to interact. There are various 
computer programs that are capable of designing 
complementary peptides based on the coding strand of 
DNA or the resultant amino acid sequence. In fact, Blalock 
et al. (23) elucidated that the primary determining factor in 
the hydropathic nature of an amino acid was the central 
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base in a tri-nucleotide codon. The resultant generalizations 
are that A in the central position results in a hydrophilic 
amino acid with U leading to a hydrophobic one, while C 
and G foster the production of slightly polar or neutral 
residues, such as glycine. This work has been repeated and 
confirmed by a variety of researchers in a number of 
systems over the last few decades. The Fassina group (27) 
showed that increased hydropathic complementarity 
positively correlated with improved binding of a 
glycoprotein. Indeed, since the early studies by Blalock and 
coll. (23, 26), there have been several systems in which 
complementary peptides have been produced and 
employed; fibrinogen, laminin receptor, angiotensin II, 
arginine vasopressin, beta-endorphin, growth hormone 
releasing peptide, and acetyl choline receptor, among 
others (28-35). In 2002, Goicoechea et al. (36) utilized the 
concept of inverse hydropathy to demonstrate that the 
interaction between thrombospondin and cell surface 
calreticulin was due to opposite hydropathic profiles 
between multiple peptide sequences in the proteins. The 
Tzioufas group (37-40) has published multiple papers 
discussing both T cell and B cell mediated immunity in the 
context of complementary peptide interaction. Finally, the 
Johnson’s laboratory at the University of Florida (41, 42) 
has performed several studies detailing the use of a 
suppressor of cytokine signaling-1 (SOCS1) mimetic 
peptide to protect against experimental allergic 
encephalomyelitis (EAE) and the complementary peptide 
approach was used in the design of this mimetic. However, 
autoimmunity is not the only area where the MRT has been 
shown to be applicable, studies investigating the toxin 
specificity of Bacillus thuringiensis and Heliothis 
virenscens also made use of this algorithm (43, 44). There 
has been some controversy due to the occasional inability 
to repeat some of these studies, but in general it has been a 
widely successful field of research and discovery (45-47). 
 
4.3. MRT and design of antibodies  
  Perhaps the field of research most ripe for the 
implementation of the MRT is immunology, more 
specifically autoimmunity. In using a peptide specifically 
designed to have a hydropathy pattern inverted to known 
proteins’ epitopes as an immunogen, an Ab will be 
produced that will bind that protein of interest’s receptor, 
allowing for the purification and isolation of receptors or 
other proteins that interact with the target protein (48, 49). 
To extend this concept further into the field of Ab 
research, if two complementary peptides were used as 
antigens, they would produce Abs capable of binding 
each other (50). This was demonstrated initially by 
Blalock and Bost (51), using an algorithm they 
developed specifically for this purpose. As previously 
mentioned, there are multiple computer programs 
available today that are capable of designing a 
complementary peptide. The algorithm is based upon the 
calculation that amino acids with positive hydropathic 
assignations are mirrored by residues with equally 
negative hydropathic scores in the complementary 
peptide such that the sum total approaches zero. What is 
important to note however, is that the anti-sense 
peptides need only to maintain inverse hydropathy, 
exact inverse sequence homology is not required. 

4.4. Complementary peptides vaccines 
 It is with all of this in mind that we begin to 
discuss the concept of peptide based vaccines for diseases 
of autoimmunity. Blalock et al. (35) initially described this 
concept in a rat model of myasthenia gravis. MG in humans 
is most often due to IgG Abs directed against amino acid 
residues 61-76 of the AChR, the main immunogenic region 
(MIR), that leads to decreased receptor concentrations at 
the neuromuscular junction and symptomatic disease. In the 
rat model, when immunized with purified AChR rats 
developed fatigability and muscle weakness, characteristic 
of myasthenia gravis. Referencing Jerne’s network theory 
that disease manifestation could be modulated by shifting 
the Id anti-AChR Ab and an anti-Id Ab, Blalock and 
colleagues (52) tested this concept using complementary 
peptides. Employing a peptide hydropathically 
complementary to the MIR of AChR, they immunized rats 
with experimental autoimmune myasthenia gravis 
(EAMG). The group was able to demonstrate that rat anti-
sera to the complementary peptide blocked anti-AChR Ab 
binding with the receptor and lead to decreased disease 
severity in the affected animals (35). Not only was this 
approach effective in inducing an anti-Id Ab response but 
was also useful in addressing the T-cell component of the 
disease (53, 54). By using a complementary peptide to the 
dominant T-cell epitope of the AChR and inoculating rats, 
the group was able to induce the production of an anti-TCR 
Ab against T-cells reactive with AChR in vivo and further 
abrogate the effects of the EAMG (55). This approach was 
able to both prevent disease when administered prior to 
induction of EAMG and decrease the disease incidence and 
severity when delivered after disease onset, further paving 
the way for anti-sense complementary peptides to be used 
in a clinical setting. 
  

Perhaps the most important study involved in the 
treatment of MG using a complementary peptide vaccine 
was published by Galin et al. in 2007 (56). Unlike previous 
studies the animal subjects were dogs that spontaneously 
developed the disease, it was not induced as before in the 
rats. It is because of this spontaneous pathology, similar to 
humans that any success with the complementary peptide 
vaccine would carry more weight than any previous 
successful outcomes. Indeed, when peptide mimetics of T 
cell and B cell antigen receptors were administered, the 
percentage of remitted dogs increased from 17% to 75%, as 
determined by both auto-Ab titer and clinical 
improvements. Additionally, there was a three fold 
decrease in the amount of time to remission compared to 
that of spontaneously remitting animals. 

  
 While developing a disease focused treatment for 
MG is important, it is hardly a widespread disease 
(incidence of 1 case/100,000 births). By expanding the 
concept of the MRT to produce therapies for other 
autoimmune conditions different groups have shown that 
using complementary peptides to induce an anti-idiotypic 
response is a viable approach for the treatment of some 
autoimmune conditions. Pendergraft and colleagues (57) 
demonstrated that in autoimmune necrotizing systemic 
vasculitis associated with anti-neutrophil cytoplasmic Ab, 
there is a high titer of anti proteinase-3 Ab in the human. 
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 They went on to show that this could be 
recapitulated in the mouse using an inverse hydropathy 
peptide vaccine similar to those discussed above. The mice 
demonstrated the same idiotypic/anti-idiotypic profile 
observed in the human. There has been some controversy 
about this of late, but studies are on-going to determine the 
accuracy of the initial findings by Pendergraft et al. (58).  
 
 Additionally, some work has been done avoiding 
the complexities of the Ab response altogether, by 
designing direct antagonists based on the hydropathy 
algorithm described above. Heal et al. (59) described the 
effectiveness of complementary peptides as selective 
inhibitors of the cytokine interleukin-1 (IL-1). The peptides 
they designed and produced interact directly with IL-1 and 
act as “mini-receptor inhibitors” of the pro-inflammatory 
cytokine. Williams et al. have described a 
semaphorin/neurophilin complementary peptide antagonist 
that is specific to semaphorin 3A but has no effect on 
semaphorin 3F, components of the central nervous system 
that play an important role in both axonal growth and 
neuronal apoptosis in vitro (60). This system has also been 
extended to other cytokines, including interleukin-18 (IL-
18) (61). 
 
 The MRT has also been vital in creating potential 
therapeutics for the autoimmune conditions previously 
described; GBS and MS. Experimental autoimmune 
neuritis (EAN) is the animal model of GBS and is caused 
by creating an immunogenic response to a myelin protein 
P2 (62). In a similar manner to that described above, Araga 
et al. (63) created a complementary peptide to the P2 
epitope responsible for the immune response, immunized 
the rats and demonstrated a dramatic in vivo response. The 
vaccine caused a significant ablation of disease phenotype 
and was also protective to animals when pretreatment with 
vaccine occurred. Both human and animal models of MS 
have a significant T-cell component to the disease and thus 
are ripe for attempts to use the MRT to address the 
condition. In a Lewis rat model of MS (experimental 
autoimmune encephalomyelitis (EAE)), inverse hydropathy 
peptide administration and the subsequent anti-Id response 
reduced severity of disease, and frequency of relapse (64). 
Finally, there have been recent studies showing the 
effectiveness of a complementary peptide to La/SSB, the 
main auto-antigen in both systemic lupus erythematosus 
and Sjogren’s syndrome (4, 65).  
 
5. SUMMARY AND FUTURE DIRECTIONS 
 
 The purpose of this review is not to propose 
complementary peptide-based therapies as the sole solution 
for autoimmune diseases, but rather to summarize the 
science that has been done to bring the field to where it is 
now; on the cusp of producing targeted, disease specific 
therapeutics in multiple autoimmune conditions. Perhaps 
the overriding benefit to several of the studies previously 
mentioned is the lack of side effects of the treatment. 
Unlike iodine irradiation, or surgery for Graves’ disease, or 
repeated cytokine treatment for relapsing remitting MS, 
anti-sense inverse hydropathy vaccines and related 

therapies utilize the incredible complexity and specificity 
of the body’s immune system to assist in disease resolution. 
 
 Although this review has focused on the use of 
the Molecular Recognition Theory in dealing with 
autoimmune disease, there are several other fields of 
research that can be positively impacted by understanding 
the forces in play. The identification of orphan receptors, 
through the use of peptide mimetics of proteins has already 
yielded interesting results. Herrera and Ruiz-Opazo (66) 
were able to describe a previously unknown arginine-
vasopressin receptor. The possibilities for the usage of the 
MRT are wide and varied. 
 
 With the implementation of genomic and 
proteomic work it only becomes more likely that more and 
more naturally occurring peptides will be shown to interact 
in an anti-sense hydropathically inverse manner. 
Additionally, due to the increasing utilization and 
sophistication of computer programs it has become much 
more facile to design and test a peptide in silico prior to 
using physical resources to investigate a hypothesis. It is 
through the combination of all of the techniques, in concert 
with the extraordinary capacity of high-throughput 
screening that major advancements in research and 
treatment of chronic, debilitation autoimmune diseases will 
occur. Anyone interested in further reading on this topic 
can obtain a complete bibliography of the subject via email 
request (blalock@uab.edu). 
 
6. ACKNOWLEDGEMENTS 
 

MTH and JEB are supported by HL07783, 
HL090999, and HL087824. 
 
7. REFERENCES 
 
1. DL Jacobson, SJ Gange, NR Rose, NM Graham: 
Epidemiology and estimated population burden of selected 
autoimmune diseases in the United States. Clin Immunol 
Immunopathol 84, 223-243 (1997)  
 
2. CM Costantino, CM Baecher-Allan, DA Hafler: Human 
regulatory T cells and autoimmunity. Eur J Immunol 38, 
921-924 (2008) 
 
3. Y Sherer, Y Shoenfeld: The idiotypic network in 
antinuclear-antibody-associated diseases. Int Arch Allergy 
Immunol 123, 10-15 (2000)  
 
4. M Sakarellos-Daitsiotis, MT Cung, C Sakarellos, ZE 
Hilali, A Kosmopoulou, C Voitharou: Complementary 
peptide epitopes and anti-idiotypic antibodies in 
autoimmunity. Protein Pept Lett 11, 367-375 (2004)  
 
5. Y Kawahito, GW Cannon, PS Gulko, EF Remmers, RE 
Longman, VR Reese, J Wang, MM Griffiths, RL Wilder: 
Localization of quantitative trait loci regulating adjuvant-
induced arthritis in rats: evidence for genetic factors 
common to multiple autoimmune diseases. J Immunol 161, 
4411-4419 (1998)  
 



Molecular recognition theory and sense-antisense interaction 

1868 

6. GS Cooper, FW Miller, JP Pandey: The role of genetic 
factors in autoimmune disease: implications for 
environmental research. Environ Health Perspect 107, 693-
700 (1999)  
 
7. B Rapoport, GD Chazenbalk, JC Jaume, SM McLachlan: 
The thyrotropin (TSH) receptor: interaction with TSH and 
autoantibodies. Endocr Rev 19, 673-716 (1998)  
 
8. AP Weetman: Graves' disease. N Engl J Med 343, 1236-
1248 (2000)  
 
9. JA Franklyn: The management of hyperthyroidism. N 
Engl J Med 330, 1731-1738 (1994)  
 
10. MA Walter, M Briel, M Christ-Crain, SJ Bonnema, J 
Connell, DS Cooper, HC Bucher, J Muller-Brand, B 
Muller: Effects of antithyroid drugs on radioiodine 
treatment: systematic review and meta-analysis of 
randomised controlled trials. BMJ 334, 514 (2007) 
 
11. R Reynolds, F Roncaroli, R Nicholas, B Radotra, D 
Gveric, O Howell: The neuropathological basis of clinical 
progression in multiple sclerosis. Acta Neuropathol (2011)  
 
12. J Sellner, MS Weber, P Vollmar, HP Mattle, B 
Hemmer, O Stuve: The combination of interferon-beta and 
HMG-CoA reductase inhibition in multiple sclerosis: 
enthusiasm lost too soon? CNS Neurosci Ther 16, 362-373 
(2010)  
 
13. R Vosoughi, MS Freedman: Therapy of MS. Clin 
Neurol Neurosurg 112, 365-385 (2010)  
 
14. D Jeffery, K Bashir, L Buchwald, P Coyle, M 
Freedman, C Markowitz, K Rammohan, T Reder, M 
Sharief, J Wolinsky: Optimizing immunomodulatory 
therapy for MS patients: an integrated management model. 
J Neurol Sci 201, 89-90 (2002)  
 
15. KO Poropatich, CL Walker, RE Black: Quantifying the 
association between Campylobacter infection and Guillain-
Barre syndrome: a systematic review. J Health Popul Nutr 
28, 545-552 (2011)  
 
16. HR Bowyer, M Glover: Guillain-Barre syndrome: 
management and treatment options for patients with 
moderate to severe progression. J Neurosci Nurs 42, 288-
293 (2010)  
 
17. M Raica, AM Cimpean, D Ribatti: Myasthenia gravis 
and the thymus gland. A historical review. Clin Exp Med 8, 
61-64 (2008)  
 
18. MN Meriggioli, DB Sanders: Autoimmune myasthenia 
gravis: emerging clinical and biological heterogeneity. 
Lancet Neurol 8, 475-490 (2009)  
 
19. MM Mehndiratta, S Pandey, T Kuntzer: 
Acetylcholinesterase inhibitor treatment for myasthenia 
gravis. Cochrane Database Syst Rev 2, CD006986 (2011) 
 

20. NM Weathington, JE Blalock: Rational design of 
peptide vaccines for autoimmune disease: harnessing 
molecular recognition to fix a broken network. Expert Rev 
Vaccines 2, 61-73 (2003)  
 
21. RB Bell, JW Lindsey, RA Sobel, S Hodgkinson, L 
Steinman: Diverse T cell receptor V beta gene usage in the 
central nervous system in experimental allergic 
encephalomyelitis. J Immunol 150, 4085-4092 (1993) 
  
22. J McCluskey, AD Farris, CL Keech, AW Purcell, M 
Rischmueller, G Kinoshita, P Reynolds, TP Gordon: 
Determinant spreading: lessons from animal models and 
human disease. Immunol Rev 164, 209-229 (1998)  
 
23. JE Blalock, EM Smith: Hydropathic anti-
complementarity of amino acids based on the genetic code. 
Biochem Biophys Res Commun 121, 203-207 (1984)  
 
24. JE Blalock, KL Bost: Ligand receptor characteristics of 
peptides encoded by complementary nucleic acids: 
implications for a molecular recognition code. Recent Prog 
Horm Res 44, 199-222 (1988)  
 
25. JE Blalock: Complementarity of peptides specified by 
'sense' and 'antisense' strands of DNA. Trends Biotechnol 8, 
140-144 (1990)  
 
26. JE Blalock, KL Bost: Binding of peptides that are 
specified by complementary RNAs. Biochem J 234, 679-
683 (1986)  
 
27. G Fassina, PP Roller, AD Olson, SS Thorgeirsson, JG 
Omichinski: Recognition properties of peptides 
hydropathically complementary to residues 356-375 of the 
c-raf protein. J Biol Chem 264, 11252-11257 (1989)  
 
28. TK Gartner, R Loudon, DB Taylor: The peptides 
APLHK, EHIPA and GAPL are hydropathically equivalent 
peptide mimics of a fibrinogen binding domain of 
glycoprotein IIb/IIIa. Biochem Biophys Res Commun 180, 
1446-1452 (1991)  
 
29. V Castronovo, G Taraboletti, ME Sobel: Laminin 
receptor complementary DNA-deduced synthetic peptide 
inhibits cancer cell attachment to endothelium. Cancer Res 
51, 5672-5678 (1991)  
 
30. TS Elton, S Oparil, JE Blalock: The use of 
complementary peptides in the purification of an 
angiotensin II binding protein. J Hypertens Suppl 6, S404-
407 (1988)  
 
31. TS Elton, LD Dion, KL Bost, S Oparil, JE Blalock: 
Purification of an angiotensin II binding protein by using 
antibodies to a peptide encoded by angiotensin II 
complementary RNA. Proc Natl Acad Sci U S A 85, 2518-
2522 (1988)  
 
32. HM Johnson, BA Torres: A novel arginine vasopressin-
binding peptide that blocks arginine vasopressin 



Molecular recognition theory and sense-antisense interaction 

1869 

modulation of immune function. J Immunol 141, 2420-
2423 (1988)  
 
33. NA Shahabi, KL Bost, TC Madhok, BM Sharp: 
Characterization of antisera to the naloxone-insensitive 
receptor for beta-endorphin on U937 cells generated by 
using the complementary peptide strategy. J Pharmacol 
Exp Ther 263, 876-883 (1992)  
 
34. DA Weigent, BL Clarke, JE Blalock: Peptide design 
using a genetically patterned binary code: growth hormone-
releasing hormone as a model. Immunomethods 5, 91-97 
(1994)  
 
35. S Araga, RD LeBoeuf, JE Blalock: Prevention of 
experimental autoimmune myasthenia gravis by 
manipulation of the immune network with a 
complementary peptide for the acetylcholine receptor. Proc 
Natl Acad Sci U S A 90, 8747-8751 (1993)  
 
36. S Goicoechea, MA Pallero, P Eggleton, M Michalak, 
JE Murphy-Ullrich: The anti-adhesive activity of 
thrombospondin is mediated by the N-terminal domain of 
cell surface calreticulin. J Biol Chem 277, 37219-37228 
(2002)  
 
37. AG Tzioufas, JG Routsias: Idiotype, anti-idiotype 
network of autoantibodies: pathogenetic considerations and 
clinical application. Autoimmun Rev 9, 631-633 (2010)  
 
38. JG Routsias, E Dotsika, E Touloupi, M Papamattheou, 
C Sakarellos, M Sakarellos-Daitsiotis, HM Moutsopoulos, 
AG Tzioufas: Idiotype-anti-idiotype circuit in non-
autoimmune mice after immunization with the epitope and 
complementary epitope 289-308aa of La/SSB: implications 
for the maintenance and perpetuation of the anti-La/SSB 
response. J Autoimmun 21, 17-26 (2003)  
 
39. JG Routsias, AG Tzioufas, HM Moutsopoulos: The 
clinical value of intracellular autoantigens B-cell epitopes 
in systemic rheumatic diseases. Clin Chim Acta 340, 1-25 
(2004)  
 
40. MG Papamattheou, JG Routsias, EE Karagouni, C 
Sakarellos, M Sakarellos-Daitsiotis, HM Moutsopoulos, 
AG Tzioufas, E N Dotsika: T cell help is required to induce 
idiotypic-anti-idiotypic autoantibody network after 
immunization with complementary epitope 289-308aa of 
La/SSB autoantigen in non-autoimmune mice. Clin Exp 
Immunol 135, 416-26 (2004)  
 
41. MG Mujtaba, LO Flowers, CB Patel, RA Patel, MI 
Haider, HM Johnson: Treatment of mice with the 
suppressor of cytokine signaling-1 mimetic peptide, 
tyrosine kinase inhibitor peptide, prevents development of 
the acute form of experimental allergic encephalomyelitis 
and induces stable remission in the chronic 
relapsing/remitting form. J Immunol 175, 5077-86 (2005)  
 
42. LW Waiboci, CM Ahmed, MG Mujtaba, LO Flowers, 
JP Martin, MI Haider, HM Johnson: Both the suppressor of 
cytokine signaling 1 (SOCS-1) kinase inhibitory region and 

SOCS-1 mimetic bind to JAK2 autophosphorylation site: 
implications for the development of a SOCS-1 antagonist. J 
Immunol 178, 5058-68 (2007)  
 
43. I Gomez, DH Dean, A Bravo, M Soberon: Molecular 
basis for Bacillus thuringiensis Cry1Ab toxin specificity: 
two structural determinants in the Manduca sexta Bt-R1 
receptor interact with loops alpha-8 and 2 in domain II of 
Cy1Ab toxin. Biochemistry 42, 10482-10489 (2003)  
 
44. R Xie, M Zhuang,  S Ross, I Gomez, DI Oltean, A 
Bravo, M Soberon, SS Gill: Single amino acid mutations in 
the cadherin receptor from Heliothis virescens affect its 
toxin binding ability to Cry1A toxins. J Biol Chem 280, 
8416-8425 (2005)  
 
45. G Guillemette, G Boulay, S Gagnon, R Bosse, E 
Escher: The peptide encoded by angiotensin II 
complementary RNA does not interfere with angiotensin II 
action. Biochem J 261, 309 (1989)  
 
46. M de Gasparo, S Whitebread, K Einsle, C Heusser: Are 
the antibodies to a peptide complementary to angiotensin II 
useful to isolate the angiotensin II receptor? Biochem J 261, 
310-311 (1989)  
 
47. AN Eberle, R Drozdz, JB Baumann, J Girard: 
Receptor-specific antibodies by immunization with 
"antisense" peptides? Pept Res 2, 213-220 (1989)  
 
48. DW Pascual, JE Blalock, KL Bost: Antipeptide 
antibodies that recognize a lymphocyte substance P 
receptor. J Immunol 143, 3697-3702 (1989)  
 
49. AG Tzioufas, HM Moutsopoulos: Epitopes and 
complementary epitopes of autoantigens: candidate probes 
to study and modulate the autoimmune response. Clin Exp 
Rheumatol 20, 289-291 (2002)  
 
50. LR Smith, KL Bost, JE Blalock: Generation of 
idiotypic and anti-idiotypic antibodies by immunization 
with peptides encoded by complementary RNA: a possible 
molecular basis for the network theory. J Immunol 138, 7-9 
(1987)  
 
51. M Villain, PL Jackson, MK Manion, WJ Dong, Z 
Su, G Fassina, TM Johnson, TT Sakai, NR Krishna, JE 
Blalock: De novo design of peptides targeted to the EF 
hands of calmodulin. J Biol Chem 275, 2676-2685 
(2000)  
 
52. NK Jerne: Towards a network theory of the immune 
system. Ann Immunol (Paris) 125C, 373-389 (1974)  
 
53. S Araga, L Xu, K Nakashima, M Villain, JE 
Blalock: A peptide vaccine that prevents experimental 
autoimmune myasthenia gravis by specifically blocking 
T cell help. FASEB J 14, 185-196 (2000)  
 
54. TM Yeh, KA Krolick: T cells reactive with a small 
synthetic peptide of the acetylcholine receptor can 
provide help for a clonotypically heterogeneous 



Molecular recognition theory and sense-antisense interaction 

1870 

antibody response and subsequently impaired muscle 
function. J Immunol 144, 1654-1660 (1990)  
 
55. L Xu, M Villain, FS Galin, S Araga, JE Blalock: 
Prevention and reversal of experimental autoimmune 
myasthenia gravis by a monoclonal antibody against 
acetylcholine receptor-specific T cells. Cell Immunol 208, 
107-114 (2001)  
 
56. FS Galin, CL Chrisman, JR Cook, Jr, L Xu, PL 
Jackson, BD Noerager, NM Weathington, JE Blalock: 
Possible therapeutic vaccines for canine myasthenia gravis: 
implications for the human disease and associated fatigue. 
Brain Behav Immun 21, 323-331 (2007)  
 
57. WF Pendergraft, 3rd, GA Preston, RR Shah, A 
Tropsha, CW Carter, Jr, JC Jennette, RJ Falk: 
Autoimmunity is triggered by cPR-3(105-201), a protein 
complementary to human autoantigen proteinase-3. Nat 
Med 10, 72-79 (2004)  
 
58. H Tadema, CG Kallenberg, CA Stegeman, P Heeringa: 
Reactivity against complementary proteinase-3 is not 
increased in patients with PR3-ANCA-associated 
vasculitis. PLoS One 6, e17972 (2011)  
59. JR Heal, S Bino, GW Roberts, JG Raynes, AD Miller: 
Mechanistic investigation into complementary (antisense) 
peptide mini-receptor inhibitors of cytokine interleukin-1. 
Chembiochem 3, 76-85 (2002)  
 
60. G Williams, BJ Eickholt, P Maison, R Prinjha, FS 
Walsh, P Doherty: A complementary peptide approach 
applied to the design of novel semaphorin/neuropilin 
antagonists. J Neurochem 92, 1180-1190 (2005)  
 
61. A Bhakoo, JG Raynes, JR Heal, M Keller, AD Miller: 
De-novo design of complementary (antisense) peptide 
mini-receptor inhibitor of interleukin 18 (IL-18). Mol 
Immunol 41, 1217-1224 (2004)  
 
62. S Brostoff, P Burnett, P Lampert, EH Eylar: Isolation 
and characterization of a protein from sciatic nerve myelin 
responsible for experimental allergic neuritis. Nat New Biol 
235, 210-212 (1972)  
 
63. S Araga, M Kishimoto, S Doi, K Nakashima: A 
complementary peptide vaccine that induces T cell anergy 
and prevents experimental allergic neuritis in Lewis rats. J 
Immunol 163, 476-482 (1999)  
 
64. SR Zhou, JN Whitaker: Active immunization with 
complementary peptide PBM 9-1: preliminary evidence 
that it modulates experimental allergic encephalomyelitis in 
PL/J mice and Lewis rats. J Neurosci Res 45, 439-446 
(1996)  
 
65. C Voitharou, D Krikorian, C Sakarellos, M Sakarellos-
Daitsiotis, E Panou-Pomonis: A complementary La/SSB 
epitope anchored to Sequential Oligopeptide Carrier 

regulates the anti-La/SSB response in immunized animals. 
J Pept Sci 14, 1069-1076 (2008)  
66. VL Herrera, N Ruiz-Opazo: Identification of a novel 
V1-type AVP receptor based on the molecular recognition 
theory. Mol Med 7, 499-506 (2001)  
 
Key Words: Molecular recognition theory, Inverse 
Hydropathy, Sense-Antisense Interactions, Autoimmunity, 
Peptide Mimetics, Review 
 
Send correspondence to: James Edwin Blalock, MCLM 893, 
1918 University Blvd, Birmingham, AL 35294, Tel: 205-934-
6439, Fax: 205-934-1446, E-mail: blalock@uab.edu 
 
http://www.bioscience.org/current/vol4E.htm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


