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Abstract

Nowadays many diseases are associated with a high risk of drug allergy, and this risk can vary greatly depending
on the type of disease. With the progression of disease in HIV-infected patients is increased IgE and decreased the
number of CD4+ T-cells. In this case violated the ratio of interferon-gamma-producing (Th1 type) clones of CD4+
T-cells and IL-4 - producing (Th2 type) clones of CD4+ T-cells. In HIV-infected patients, there is the high risk of
developing allergies in the form of skin rashes and temperature, and severe skin syndromes Stevens-Jones (SJS)
and toxic epidermal necrolysis (TEN) in 6%-10% of cases. CD4+ T cells secrete cytokines, for instance Interleukin
(IL-5), Gransim and Eotaxin involve eosinophils to be grown and differentiated. Studies on the antigenicity of
antibiotics demonstrated the potential relevance of both categories of drug allergy: hapten and p-i models. In
patients with allergic reaction to piperacillin, this medication acts as the hapten, with the formation of the
immunogenic conjugate piperacillin - albumin, which stimulates the drug-responsive T-cells. Immunogenetic
factors have been identified as risk indicators for the development of hypersensitivity reactions to the
representatives of many classes of drugs, such as Abacavir and Nevirapine, Carbamazepine and Allopurinol, etc.
Thus, considering the huge genetic polymorphism in systems of drug metabolism in the body and in the systems
contributing immune response to the resulting products of conjugation of hapten-protein, evident is the need to
further study the role of these systems in the occurrence of adverse reactions to drug therapy, in particular, in the
development of allergic complications.
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1. Introduction

Some diseases are associated with a high risk of drug allergy, and this risk can vary greatly depending on the
type of disease. For example, every third patient with a clinical picture of cystic fibrosis observed the adverse
reaction to the antibiotics [1] and the risk of adverse reactions to sulfamethoxazole 10 times higher in patients with
HIV than in the general population, and it is more likely manifested in the stage of uncontrolled replication of the
HIV virus [2]. The risk of severe skin syndrome Stevens-Jones (SJS) and Toxic epidermal necrolysis (TEN) as an
alternative adverse reaction to medicinal substances that was higher in individuals with HIV, cancer, post-transplant
disease or systemic lupus erythematous compared with the general population [3, 4]. It is interesting to note that all
these diseases in varying degrees, accompanied by changes in the immune system. Nevertheless, at the same time,
yet it remains unclear to what extent this increased risk depends on factors associated with diseases or higher
exposure to medication [5].

As is known in the basis of the development of allergies, including drugs are immunological mechanisms [6, 7].
Therefore, the initial condition of the immune system depends largely on the likelihood of occurrence and
development of allergies. If allergic reactions are immunologic mechanisms, in the context of immunodeficiency will
develop immune-inflammatory response and to what extent?

2. Immunological Aspect

It is known that with the progression of disease in HIV-infected patients is increased IgE and decreased the
number of CD4+ T-cells. In this case violated the ratio of interferon-gamma-producing (Th1l type) clones of CD4+
T-cells and IL-4 - producing (Th2 type) clones of CD4+ T-cells [8, 9]. Indeed, immunochemical and
immunofluorescence studies of biopsy specimens of the skin of HIV-infected patients with skin reactions showed
infiltration of activated CD8+ lymphocytes and epidermal production of cytokines [10]. The number of allergic skin
reactions in HIV is increasing in comparison with the rest of the population, to a sharp deterioration of the immune
system and reduce the number of CD4+ T-cells [11]. Thus, in HIV-infected patients, there is the risk of developing
allergies in the form of skin rashes and temperature, and severe skin syndromes Stevens-Jones (SJS) and toxic
epidermal necrolysis (TEN) in 6%-10% of cases [12-15]. Thus, the risk of significantly higher in those patients who
have CD4+ cell counts above 400 cells/mm?® and 250 cells/mm?, respectively for men and women. For example, the
number of CD4+ T-cells was a risk factor for hypersensitivity to nevirapine, because in these patients the average
value of this indicator was higher (294 vs. 174 cells/mn3) [16].

Such cyclicity and differences in hypersensitivity to the medication immunological nature can be for various
reasons.

According to the existing hypothesis in the mechanisms of development of allergy, medicines is hapten
dependent and independent ways of presentation of drugs in vivo [17, 18]. According to the first way, drugs become
immunogenic through metabolism to reactive metabolites, which can bind covalently to proteins or Heptene [19].
Then they are presented via molecules of the human leukocyte antigen (HLA) to T cells. Other — hapten independent
path is considered when the drug can directly activate T-cells through interaction with MHC-peptide / T-cell
receptor. Then stimulated T cells infiltrating into the skin. CD4+ T cells secrete cytokines such as Interleukin (IL-5),
Gransim and Eotaxin that involve eosinophils in the growth and differentiation. Stimulated T cells can also kill
autologous target cells through partrimony way, while CD8+ T—cells can also be involved in the allergic process [20,
21].

3. Antibiotics and Allergy

Studies on the antigenicity of antibiotics demonstrated the potential relevance of both categories of drug allergy:
hapten and p-i models. For example, in patients with allergic reaction to piperacillin, this medication acts as the
hapten, with the formation of the immunogenic conjugate piperacillin - albumin, which stimulates the drug-
responsive T-cells [22, 23]. When sulfamethoxazole allergies, as a hapten and p-i hypotheses is potentially
important. In patients with such allergies, the proliferation of lymphocytes can be induced by metabolites nitroso-
sulfamethoxazole, which covalently bind to non-HLA proteins (hapten) and/or the primary drug or metabolites
directly related and reversible with HLA [24-26].

The study also showed that sulfamethoxazole can interact directly with the second further defined region Vb20-1
TCR, which is modified by linking the ability of the TCR to the peptide -MHC complex [27-32].

In the study of Flucloxacillin - induced liver damage, some revealed for the presentation of this drug via the
hapten mechanism with multiple HLA types, but also with the presence of the presentation via proteasome-
dependent and labile method, limited HLA-B*57:01, result wise direct activation of CD81 T-cells and incorporates
p-i mechanism, ending in liver damage [33]. However, others found that activation of CD81 T - cells was restricted
to HLA-B*57:01 and is closely linked to HLA-B*58:01, and that activation was dependent and correlated with
communication of Flucloxacillin with albumin [34].

In the study of adverse reactions to Nevirapine, the Association of HLA class | were found in relation to serious
skin manifestations in many populations, although HLA class Il was associated with liver manifestations mainly in
the European race, which suggests about the various arrangements of presentation in the manifestation of a variety of
immunologically mediated adverse reactions.

4. Viral Infection and Allergy

It is known that viral infections are significant risk factors for the development of hypersensitivity reactions.
These reactions can manifest as any type of hypersensitivity, which is based on stimulation of T-cells by viruses
(HIV, herpes, Epstein-Barr, cytomegalovirus). Immune responses to the virus may predispose to HLA-associated
drug allergy, which can occur because of cross-reactivity of peptide-specific T-memory cells that carry these aff T-
cell receptors that recognize the peptides [35].
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However, some data suggest that viruses can also play an independent role in the development of drug allergy,
HLA unlimited. This is probably due to reactivation of virus is stopped due to drug-induced T-cell activation, which,
in consequence, contribute to the development of the same symptoms as the syndrome of hypersensitivity to the drug
rash with eosinophilia and systemic signs of defeat [24]. Therefore, Epstein-Barr virus (EBV) infection is considered
the prototype costimulation exanthema associated with receiving the aminopenicillins. Thus, a number of authors
[36] found evidence of reactivation of EBV or the human herpes virus 6 or 7 in 76% of patients with DRESS because
of their blood, liver, skin and lungs were isolated increased number of CD81 T-cells, which has 3 areas in the
sequence of the b-chain TCR, homologous to EBV-specific TCR on CD8. On this basis, it was suggested that the
drugs stimulated the reactivation of virus is stopped, which caused virus-driven selection of CD81 T-cells, which led
to organ damage. However, it could be a manifestation of cross-reactive memory response of T-cells in the absence
of reactivation, which is also enough to cause damage to organs.

Genetic studies on hypersensitivity to medicines have focused mainly on the HLA alleles of the MHC, located
on the short arm of chromosome 6 because this area of the genome is considered extremely polymorphic and is
associated with the development of both autoimmune and infectious diseases. At the present time known at least 24
ADR associated with different HLA alleles. This, of course, single-nucleotide polymorphisms (SNP) of genes of the
HLA system and define the main diversity of individual differences in this process.

5. Immune Reaction

Immunogenetic factors have been identified as risk indicators for the development of hypersensitivity reactions
to the representatives of many classes of drugs, such as Abacavir and Nevirapine Mallal, et al. [37] Carbamazepine
[38, 39] and Allopurinol [40] etc.

So, in recent years become a well-known fact about the hypersensitivity reaction to Abacavir is closely
associated with the allele HLA-B*5701 first class of big histocompatibility complex [41] and the involvement of T
cells. Due to the fact that Abacavir without genotyping (as the first-line drug of antiretroviral therapy) is now
considered to be the cheapest and most cost-effective option for the treatment of HIV, testing for HLA-B*5701
becomes known and cost-effective pharmacogenetic marker to detect Abacavir-induced hypersensitivity. Therefore,
the frequency of detection of HLA-B*5701, the mortality rate from Abacavir-induced hypersensitivity and costs of
genotyping are seen as major factors influencing economic efficiency [42].

The clinical usefulness of genotyping the HLA-B*5701 has been validated in large, randomized, double blind,
international, multi-ethnic prospective study. Thus, HIV-infected patients with positive HLA - B*5701 genotype
were excluded from Abacavir (prospectively screened group), and HIV-infected patients without HLA-B*5701
genotyping was receiving Abacavir (control group). Prospective HLA-B*5701 screening eliminated
immunologically confirmed hypersensitivity with a negative predictive value of 100% and significantly reduced the
rate of clinically suspected hypersensitivity reactions from 7.8% to 3.4% [43]. Later, some authors demonstrated a
strong Association between Abacavir and haplotype including HLA B*5701, HLA-DR7 and HLA-DQ3 genotypes
[37]. Regarding Nevirapine of identified HLA-DRB1*01:01 [44] HLA-C*04 [45-47] HLA-C*08 [48] and HLA-
B*3505 [47, 49] as risk alleles. In addition, additional HLA alleles (HLA-cw8/HLA-B14) were associated with
Nevirapine hepatotoxicity in HIV-infected patients [49, 50]. On the other hand, ABCB1 (MDR1) 3435C > T SNP
caused a decrease in the risk of Nevirapine-associated hepatotoxicity in multi-ethnic South African and American
individuals [51, 52]. Carriage of the alleles of class Il HLA-DRB1*0101 is associated with Nevirapine - associated
hepatotoxicity and hypersensitivity (but not with isolated rash) in HIV-infected Western Australians, especially those
who have CD4 cell counts lower than 25% [53]. A similar Association with cutaneous hypersensitivity was also
reported for Nevirapine and Efavirenz in patients in France, regardless of CD4 values [17].

Carbamazepine - induced SJS/TEN showed the strongest Association with HLA-B*15:02 in some Asian
countries: China, Thailand, Malaysia and India [54, 55] but not in Europeans [56] and Japanese [57]. For other types
of serious cutaneous ADR caused by carbamazepine the Chinese [58] and to respond to the drug with eosinophilia
and systemic syndrome SJS/TEN in Europeans [39] and Japanese [59] a predisposing factor was HLA-A*31:01.

It is also shown that carbamazepine - hypersensitive patients revealed the activation of both HLA-A*31:01
restrictively, carbamazepine - specific CD81 T-cells, and HLA-DRB1*04:04 restriction, carbamazepine - specific
CD41 T-cells, indicating that cooperation between the various subsets of T-cells within the extended genetic
haplotypes may play a substantial role in the clinical manifestations [59, 60].

Along with this, it is revealed that even for a number of drugs acting via similar ways, clinical manifestations of
allergic reactions to medications can vary. For example, abacavir, carbamazepine, and allopurinol produce their
effects through the T-lymphocytes that interact with a combination of drugs and specific HLA molecules. However,
carbamazepine and allopurinol can cause the development of SIS/TEN whereas abacavir causes a unique clinical
syndrome, including SIJS/TEN. In addition, variability in the start time caused by drug allergic reactions between 2
days and 3 weeks after initiation of the drugs cannot be explained only by the relationship with MHC. Apparently
there are other genetic factors, in certain conditions becomes important, which can determine the ability to develop
these reactions in individuals possessing the HLA risk alleles.

Some studies have shown that polymorphism of genes regulating cytokine products can affect the immune
response [61]. Interleukin-10 is an anti — inflammatory cytokine secreted by various cells of the immune system,
including T lymphocytes, macrophages, dendritic cells, and monocytes. This cytokine has an immunoregulatory
effect, such as inhibition of pro-inflammatory cytokines IL-1, IL-6, IL-12, IL-18, and TNF-o0, as well as co-
stimulatory molecules on antigen-presenting cells. Single nucleotide polymorphisms at positions -1082 (A/G), -819
(T/C), -592 (G/A) proximal promoter region of the gene IL-10 may influence the in vitro production of the cytokine.
The presence of an allele at position -1082 is associated with low production of I1L-10 and occurs regardless of
polymorphisms in other positions. During HIV infection, AA was detected in 62% of allergic patients, while GG and
GA — in 69% of patients without allergies. Moreover, it was found that the polymorphism of interleukin -10 in
position -1082 (A/G) is directly related to the development of allergic reactions to efavirenz [62].
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Because the metabolism of most drugs is via the cytochrome P-450 — it is considered one of the major
determinants of the pharmacological efficiency and the development of toxic and adverse reactions of drugs, of
course with significant individual characteristics [63-68].

So it is known that Nevirapine is metabolized mainly to 8-hydroxypurine with CYP2B6 and to a lesser extent
CYP3A4 [68]. CYP2B6 is characterized by a large inter-individual variability in expression and activity in the liver
[69]. One of the specific variants of exon 4 (¢.516G.T), encoding non-synonymous amino acid position (p.G172H)
(rs3745274) (CYP2B6*6/9), associated with loss of function [31, 68-70]. Studies have shown that the variant T-
allele associated with higher plasma concentration of the drug, it was associated with Nevirapine-induced cutaneous
reaction, which was stronger with a combination of the genotype CYP2B6 516G T carriers with HLA-Cw*04 alleles
[47, 71-75]. Identification of polymorphisms CYP2B6 516G > T, 983T > C, 785A > G and 21563C > T SNPs are
associated with increased plasma concentrations of Efavirenz and the development of more severe CNS lesions in
HIV-infected, as well as increased concentration of Efavirenz was associated with CYP2A6 -48T > G and
homozygous GG for UGT2B7 735, SNP microsomal enzyme uridine 5—diphospho-glucuronosyl transferase (UGT)
[76-79]. Regarding phenytoin, clinical supervision among Taiwanese, Japanese and Malaysian patients showed a
strong Association with the allelic variant CYP2C9*3, which was associated with decreased activity of CYP2C9 by
90% [80]. Because phenytoin has a narrow therapeutic index, lower the activity of the allelic variant CYP2C9*3
reduces the metabolic clearance and increase plasma concentrations, which is consistent with clinical observations a
dose-dependent relationship in the risk of cutaneous manifestations.

This also implies that the relative disadvantage, in the same way, metabolism does not necessarily predispose to
the development of serious ADR, if the ground clearance of this drug is involved in numerous metabolic pathways.

It should be noted that the main problem of the research Association of the SNP phenotypes is the lack of
reproducibility [81]. This could be due to the relatively small size genotyping of the population, lack of statistical
power of the analysis or offset selection [82]. In addition, SNP Association observed effect is found only within
specific ethnic groups, but not in others. Also, some positive Association, likely to have been obtained after
numerous statistical comparisons, which gives place to a potentially random Association caused by changes.
Moreover, usually reported only positive results, meaning that some of the published associations could not be
openly refuted by other authors who failed to find such relationships. On the other hand, the Association of SNP-
phenotype could not be necessarily associated with functional effects of gene variants, but perhaps the presence of
another variant on the same chromosome in a non-equilibrium context, the combination of which is called a
haplotype.

Finally, most pharmacogenetic studies are retrospective or cross, so it would be more informative to conduct
large and progressive research in multiethnic populations, with the simultaneous genotyping of many SNPS, known
as relevant in the general population [81, 82].

However found that the use of SNP-genotyping in relation to the alleles HLA-B*5701 to prevent Abacavir -
associated hypersensitivity reaction is economically advantageous diagnostic tool, for which managed to bring the
negative predictive value to 100% for all ethnic groups [83].

Considering this, it became clear that for primary prevention of allergic drug reactions are necessary to develop
an accurate, rapid, inexpensive, and easily interpreted laboratory tests to meet the following prerequisites:

- To have at least an acceptable safe profile;

- Alternative medications should be absent or be more expensive, or have lower efficacy and/or safe worst profiles;

- An allergic reaction should be sufficiently high to ensure their prevention;

- The frequency of preventable allergic reactions must be relatively high;

- Must have high negative predictive value, and favourable positive predictive value to the number of tests
performed, necessary to prevent the allergic reactions were actually enforceable in practice.

6. Conclusion

For further research in the area of disclosure of mechanisms of occurrence and development of drug allergy and
its prevention can be extremely important in a number of identified circumstances:

1) Various organ system affected by ADR, and most significantly among them is leather and the liver and muscles
(statin — induced autoimmune myopathy and HLA-DRB1*11:01) [84] and neutrophils (clozapine — induced
agranulocytosis and HLA-DQB1) [85]. It is determined whether the form of HLA alleles which organ system needs
to be affected remains unclear, but probably it can play a role together with other factors, as for example, with a
variety of genetic variants, the expression of organ receptors and clonotypic T-cells.

2) The Association sometimes show considerable ethnic variation, reflecting the basis of the distribution of HLA
alleles involved. The most impressive example of this can be considered the Association of HLA-B*15:02 with
carbamazepine - induced syndrome Stevens-Johnson (SJS) and toxic epidermal necrolysis (TEN) among Chinese,
Thai, and Malay patients [86] but not among Europeans [38]. The overall prevalence of HLA-B*15:02 ranges from
4% to 15% in these populations, but is manifested in less than 1% of Japanese and Korean persons and is extremely
rare in Europeans (<0.01%).

3) The same HLA alleles may be associated with adverse reactions to therapeutically and non-structural components,
but with effects in different organs. The best example of this is the Association of HLA-B*57:01 with
hypersensitivity to Abacavir Mallal, et al. [87] and with Flucloxacillin-induced hepatotoxicity [88].

4) The same type of organ damage can occur with the same HLA allele, even with therapeutically and structurally
unrelated components. For example, HLA-DRB1*15:01 is associated with liver damage as in the appointment
lumiracoxib [89] and coamoxiclav [90].

Are there some HLA alleles that predispose to certain forms of organ damage, it will become clear after further
research with other medications, but probably it is based on the possibility that certain HLA alleles may be more
highly Expression Engine specific organs. Accordingly, recent genome-based studies indicate that HLA-
DRB1*15:01 is also associated with alcohol-induced cirrhosis of the liver [91].
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5) Although most of the Association correspond to the time interval necessary to induce the immune response (and
find a clinical and histological confirmation), for some forms of organ damage HLA Association were amazing, and
it was found that the general rules of immune-mediated damage occurring soon after beginning drug administration,
are not necessarily correct in all cases. For example, the lumiracoxib-induced liver disease usually occurs after more
than 100 days of drug 12, which is not a regular time interval associated with liver damage caused by other drugs
(e.g., coamoxiclav). For clozapine — induced agranulocytosis, the reassignment of the drug does not necessarily result
in a more rapid recurrence of the reaction [92] contrary to other forms of immune-mediated drug damage, as in
hypersensitivity to Abacavir Clay [93].

6) Finally, the drugs most closely associated with cutaneous ADR, (such as penicillin and sulfonamides), are unlikely
to have an association with HLA alleles. Perhaps they form multiple epitopes and therefore interact with multiple
HLA alleles, but this may not be a sufficient explanation for the formation of the strong Association between
Flucloxacillin-induced hepatotoxicity and HLA-B*57:01. A possible explanation for the results of such research can
be a mixture of the phenotypes of the studied individuals, poor assessment of causality and inadequate sample sizes.
It proved one of the studies, which were carefully phenotyping the required number of patients with penicillin-
induced IgE-mediated reaction type 1, revealed the Association within the HLA-DRA region [94].

Thus, considering the huge genetic polymorphism in systems of drug metabolism in the body and in the systems
contributing immune response to the resulting products of conjugation of hapten-protein, evident is the need to
further study the role of these systems in the occurrence of adverse reactions to drug therapy, in particular, in the
development of allergic complications. The elucidation of these questions has not only theoretical importance in
understanding the mechanisms of occurrence and development of drug Allergy, as a special form of Allergy, but
becomes of particular interest and in practical terms.

7. Consent
It is not applicable.

8. Ethical Approval

All authors hereby declare that all experiments have been examined and approved by the appropriate ethics
committee and have therefore been performed in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki.

References

[1] R. A. Pleasants, T. R. Walker, and W. M. Samuelson, "Allergic reactions to parenteral betalactam antibiotics in patients with cystic
fibrosis," Chest vol. 106, pp. 1124-1128, 1994.

[2] R. Pavlos and E. J. Phillips, "Individualization of antiretroviral therapy,” Pharmacogenomics and Personalized Medicine, vol. 5, pp.
1-17, 2012.

[3] W. J. Pichler, Drug hypersensitivity. Basel: Karger, 2007.

[4] W. H. Chung, S. I. Hung, and H. S. Hong, "Medical genetics: A marker for Stevens-Johnson syndrome,” Nature, vol. 428, p. 486,
2004.

[5] P. Griem, M. Waulferink, and B. Sachs, "Allergic and autoimmune reactions to xenobiotics: How do they arise?," Immunol Today,
vol. 19, pp. 133-141, 1998.

[6] D. J. Naisbitt, S. F. Gordon, M. Pirmohamed, and B. K. Park, "Immunological principles of adverse drug reactions: The initiation
and propagation of immune responses elicited by drug treatment,” Drug Safety, vol. 23, pp. 483-507, 2000.

[7] J. Adam, W. J. Pichler, and D. Yerly, "Delayed drug hypersensitivity: Models of T-cell stimulation,” British Journal of Clinical
Pharmacology, vol. 71, pp. 701-707, 2010.

[8] D. S. Lawn, S. T. Butera, and T. M. Folks, "Contribution of immune activation to the pathogenesis and transmission of human
immunodeficiency virus type 1 infection," Clinical Microbiology Reviews, vol. 14, pp. 753-777, 2001.

9] K. A. Eger and D. Unutmaz "Perturbation of natural killer cell function and receptors during HIV infection," Trends in Microbiology,
vol. 12, pp. 301303, 2004.

[10] V. Asensi, J. Collazos, and E. Valle-Garay, "Can antiretroviral therapy be tailored to each human immunodeficiency virus-infected

individual? Role of pharmacogenomics,” World Journal of Virology, vol. 4, pp. 169-177, 2015.
[11] Z. Temesgen and G. Beri, "HIV and drug allergy," Immunology And Allergy Clinics of North America, vol. 24, pp. 521-531, 2004.

[12] F. T. Wah, Y. Weimin, and H. Wenlong, "A narrative review of cost-effectiveness analysis of people living with HIV treated with
HAART: From interventions to outcomes," ClinicoEconomics and Outcomes Research, vol. 7, pp. 431-439, 2015.

[13] J. A. Wijsman, G. A. Dekaban, and M. J. Rieder, "Differential toxicity of reactive metabolites of clindamycin and sulfonamides in
HIV-infected cells: Influence of HIV infection on clindamycin toxicity in vitro," Journal of Clinical Pharmacology, vol. 45, pp. 346-
351, 2005.

[14] M. Pirmohamed and B. K. Park, "HIV and drug allergy," Current Opinion in Allergy and Clinical Immunology, vol. 1, pp. 311-316,
2001.

[15] V. Pyshki, Andrianova N. In, A. V. Artamonov of Allergy-related diseases M vol. 470c: Publishing House Triada-X, 1999.

[16] M. Chaponda and M. Pirmohamed, "Hypersensitivity reactions to HIV therapy,” British Journal of Clinical Pharmacology, vol. 71,
pp. 659-671, 2011.

[17] M. P. Zanni, G. S. Von, and B. Schnyder, "HLA-restricted, processing- and metabolism-independent pathway of drug recognition by
human alpha beta T lymphocytes," Journal of Clinical Investigation, vol. 102, pp. 1591-1598, 1998.

[18] W. J. Pichler, "Delayed drug hypersensitivity reactions," Annals of Internal Medicine, vol. 139, pp. 683-693, 2003.

[19] D. J. Naisbitt, J. Farrell, and S. F. Gordon, "Covalent binding of the nitroso metabolite of sulfamethoxazole leads to toxicity and
major histocompatibility complex-restricted antigen presentation,” Molecular Pharmacology, vol. 62, pp. 628-637, 2002.

[20] M. P. Zanni, G. S. Von, and B. Schnyder, "Allele-unrestricted presentation of lidocaine by HLA-DR molecules to specific ab+ T cell
clones," International Immunology, vol. 10, pp. 507-515, 1998.

[21] G. S. Von, G. Bultemann, and K. Schnyder, "Degeneracy and additional alloreactivity of drug-specific human alpha beta (+) T cell
clones," International Immunology, vol. 13, pp. 877-885, 2001.

[22] S. El-Ghaiesh, M. M. Monshi, and P. Whitaker, "Characterization of the antigen specificity of T-cell clones from piperacillin-
hypersensitive patients with cystic fibrosis," Journal of Pharmacology and Experimental Therapeutics, vol. 341, pp. 597-610, 2012.

[23] D. A. Schmid, J. P. Depta, M. Luthi, and W. Pichler, "Transfection of drug-specific T-cell receptors into hybridoma cells: tools to
monitor drug interaction with T-cell receptors and evaluate cross-reactivity to related compounds,” Molecular Pharmacology, vol.
70, pp. 356-365, 2006.

[24] C. Burkhart, M. Britschgi, and I. Strasser, "Non-covalent presentation of sulfamethoxazole to human CD4+ T cells is independent of
distinct human leucocyte antigen-bound peptides,” Clinical & Experimental Allergy, vol. 32, pp. 1635-1643, 2002.

54



[25]
[26]
[27]
[28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

[43]
[44]

[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]

[58]

[59]

[60]
[61]

[62]

[63]
[64]

[65]

Journal of Life Sciences Research, 2016, 3(4): 50-56

J. P. Sanderson, D. J. Naisbitt, and J. Farrell, "Sulfamethoxazole and its metabolite nitroso sulfamethoxazole stimulate dendritic cell
costimulatory signaling," Journal of Immunology, vol. 178, pp. 5533-5542, 2007.

J. L. Castrejon, N. Berry, and S. El-Ghaiesh, "Stimulation of human T cells with sulfonamides and sulfonamide metabolites,"”
Journal of Allergy and Clinical Immunology, vol. 125, pp. 411-8.e4, 2010.

S. Watkins and W. J. Pichler, "Sulfamethoxazole induces a switch mechanism in T cell receptors containing TCRVbeta20-1, altering
pHLA recognition," PLoS One, vol. 8, p. e76211, 2013.

W. J. Pichler, "Pharmacological interaction of drugs with antigen-specific immune receptors: The p-i concept,” Current Opinion in
Allergy and Clinical Immunology, vol. 2, pp. 301-305, 2002.

S. Sieben, Y. Kawakubo, and T. Al Masaoudi, "Delayed-type hypersensitivity reaction to paraphenylenediamine is mediated by 2
different pathways of antigen recognition by specific alphabeta human T-cell clones,” Journal of Allergy and Clinical Immunology,
vol. 109, pp. 1005-1011, 2002.

D. Schmid and W. J. Pichler, "T-cell-mediated hypersensitivity to quinolones V mechanisms and crossreactivity,” Clinical &
Experimental Allergy, vol. 36, pp. 59-69, 2006.

B. Schnyder, C. Burkhart, and K. Schnyder-Frutig, "Recognition of sulfamethoxazole and its reactive metabolites by drug-specific
CD4+ T cells from allergic individuals," Journal of Immunology, vol. 164, pp. 6647-6654, 2000.

A. E. Cribb and S. P. Spielberg, "Sulfamethoxazole is metabolized to the hydroxylamine in humans,” Clinical Pharmacology &
Therapeutics, vol. 51, pp. 522-526, 1992.

N. Wuillemin, J. Adam, and S. Fontana, "HLA haplotype determines hapten or p-i T cell reactivity to flucloxacillin,”" Journal of
Immunology, vol. 190, pp. 4956-9464, 2013.

M. M. Monshi, L. Faulkner, and A. Gibson, "Human leukocyte antigen (HLA)-B*57:01-restricted activation of drug-specific T cells
provides the immunological basis for flucloxacillin-induced liver injury,” Hepatology, vol. 57, pp. 727-739, 2013.

H. Hemmi, T. Kaisho, and O. Takeuchi, "Small anti-viral compounds activate immune cells via the TLR7 MyD88-dependent
signaling pathway," Nature Immunology, vol. 3, pp. 196-200, 2002.

D. Picard, B. Janela, and V. Descamps, "Drug reaction with eosinophilia and systemic symptoms (DRESS): A multiorgan antiviral T
cell response,” Science Translational Medicine, vol. 2, pp. 46-62, 2010.

S. Mallal, D. Nolan, and C. Witt, "Association between presence of HLA-B*5701, HLA-DR7, and HLA-DQ3 and hypersensitivity to
HIV-1 reverse-transcriptase inhibitor abacavir," Lancet, vol. 359, pp. 727-732, 2002.

C. Lonjou, L. Thomas, and N. Borot, "A marker for Stevens-Johnson syndrome: Ethnicity matters," Pharmacogenomics Journal, vol.
6, pp. 265-268, 2006.

M. McCormack, A. Alfirevic, and S. Bourgeois, "HLA-A*3101 and carbamazepine-induced hypersensitivity reactions in
Europeans,” New England Journal of Medicine, vol. 364, pp. 1134-1143, 2011.

S. I. Hung, W. H. Chung, and L. B. Liou, "HLA-B*5801 allele as a genetic marker for severe cutaneous adverse reactions caused by
allopurinol,” Proc. Natl. Acad. Sci. U S A, vol. 102, pp. 4134-4139, 2005.

S. Cargnin, C. Jommi, and P. L. Canonico, "Diagnostic accuracy of HLA-B*57: 01 screening for the prediction of abacavir
hypersensitivity and clinical utility of the test: A meta-analytic review," Pharmacogenomics, vol. 15, pp. 963-976, 2014.

M. Saag, R. Balu, and E. Phillips, "High sensitivity of human leukocyte antigen-B*5701 as a marker for immunologically confirmed
abacavir hypersensitivity in white and black patients,” Clinical Infectious Diseases, vol. 46, pp. 1111-1118, 2008.

M. Pirmohamed and D. J. Back, "The pharmacogenomics of HIV therapy," Pharmacogenomics Journal, vol. 1, pp. 243-253, 2001.
Z. G. Vitezica, B. Milpied, and C. Lonjou, "HLA-DRB1*01 associated with cutaneous hypersensitivity induced by nevirapine and
efavirenz," AIDS, vol. 22, pp. 540-541, 2008.

S. Likanonsakul, T. Rattanatham, and S. Feangvad, "HLA-Cw*04 alleleassociated with nevirapine-induced rash in HIV-infected
Thai patients," AIDS Research and Therapy, vol. 6, p. 22, 2009.

S. Gao, X. E. Gui, K. Liang, Z. Liu, J. Hu, and B. Dong, "HLA-dependent hypersensitivityreaction to nevirapine in Chinese Han
HIV-infected patients," AIDS Research and Human Retroviruses, vol. 28, pp. 540-543, 2011.

J. Yuan, S. Guo, and D. Hall, "Toxicogenomics of nevirapine-associated cutaneous and hepatic adverse events among populations of
African, Asian, and European descent," AIDS, vol. 25, pp. 1271-1280, 2011.

H. Gatanaga, H. Yazaki, and J. Tanuma, "HLA-Cw8 primarily associatedwith hypersensitivity to nevirapine," AIDS, vol. 21, pp.
264-265, 2007.

S. Chantarangsu, T. Mushiroda, and S. Mahasirimongkol, "HLA-B*3505 alleleis a strong predictor for nevirapine-induced skin
adverse drug reactions in HIV-infected Thai patients,” Pharmacogenet Genomics, vol. 19, pp. 139-146, 2009.

R. Littera, C. Carcassi, and A. Masala, "HLA-dependent hypersensitivity to nevirapine in Sardinian HIV patients," AIDS, vol. 20, pp.
1621-1626, 2006.

M. D. Ritchie, D. W. Haas, and A. A. Motsinger, "Drug transporter and metabolizing enzyme gene variants and nonnucleoside
reverse-transcriptase inhibitor hepatotoxicity," Clinical Infectious Diseases, vol. 43, pp. 779-782, 2006.

D. W. Haas, J. A. Bartlett, and J. W. Andersen, "Pharmacogenetics of nevirapine-associated hepatotoxicity: An adult AIDS clinical
trials group collaboration,” Clinical Infectious Diseases, vol. 43, pp. 783-786, 2006.

A. M. Martin, D. Nolan, and I. James, "Predisposition to nevirapine hypersensitivity associated with HLA-DRB1*0101 and
abrogated by low CD4 T-cell counts,” AIDS, vol. 19, pp. 97-99, 2005.

W. Tassaneeyakul, S. Tiamkao, and T. Jantararoungtong, "Association between HLA-B*1502 and carbamazepine-induced severe
cutaneous adverse drug reactions in a Thai population,” Epilepsia, vol. 51, p. 926, 2010.

W. Y. Ding, C. K. Lee, and S. E. Choon, "Cutaneous adverse drug reactions seen in a tertiary hospital in Johor, Malaysia,"
International Journal of Dermatology, vol. 49, pp. 834-841, 2010.

C. Lonjou, N. Borot, and P. Sekula, "A European study of HLA-B in Stevens-Johnson syndrome and toxic epidermal necrolysis
related to five high-risk drugs,” Pharmacogenet Genomics, vol. 18, pp. 99-107, 2008.

H. lkeda, Y. Takahashi, and E. Yamazaki, "HLA class | markers in Japanese patients with carbamazepine-induced cutaneous adverse
reactions," Epilepsia, vol. 51, pp. 297-300, 2010.

E. Genin, D. P. Chen, S. I. Hung, P. Sekula, M. Schumacher, and P. Y. Chang, "HLAA* 31:01 and different types of carbamazepine-
induced severe cutaneous adverse reactions: An international study and meta-analysis,” Pharmacogenomics Journal, vol. 14, pp.
281-288, 2014.

T. Ozeki, T. Mushiroda, and A. Yowang, "Genome-wide association study identifies HLA-A*3101 allele as a genetic risk factor for
carbamazepine-induced cutaneous adverse drug reactions in Japanese population,” Human Molecular Genetics, vol. 20, pp. 1034-
1041, 2011.

M. Lichtenfels, J. Farrell, and M. O. Ogese, "HLA restriction of carbamazepine-specific T-Cell clones from an HLA-A*31:01-
positive hypersensitive patient,” Chemical Research in Toxicology, vol. 27, pp. 175-177, 2014.

N. Bottini, P. Borgiani, and A. Otsu, "IL-4 receptor alpha chain genetic polymorphism and total Ig E levels in the English population:
Two-locus haplotypes are more informative than individual SNPs.," Clinical Genetics, vol. 61, pp. 288-292, 2002.

R. Rodriguesa, O. De, P. Germano, C. De, E. A. Gomes, and A. De, "Interleukin-10 gene polymorphism (—1082G/A) and allergy to
efavirenz in patients infected with human immunodeficiency virus," Brazilian Journal of Infectious Diseases, vol. 18, pp. 445-448,
2014.

P. A. O. P. Wijnen, B. R. Den, and M. Drent, "The prevalence and clinical relevance of cytochrome P450 polymorphisms,"
Alimentary Pharmacology & Therapeutics, vol. 2, pp. 211-219, 2007.

U. Bussy and M. Bouijtita, "Advances in the electrochemical simulation of oxidation reactions mediated by cytochrome," Chemical
Research in Toxicology, vol. 27, pp. 1652-1668, 2014.

U. M. Zanger and M. Schwab, "Cytochrome P450 enzymes in drug metabolism: Regulation of gene expression, enzyme activities,
and impact of genetic variation," Pharmacology & Therapeutics, vol. 138, pp. 103-141, 2013.

55



[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]

[75]

[76]
[77]

[78]

[79]
(80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
(88]
[89]
[90]
[91]
[92]

[93]
[94]

Journal of Life Sciences Research, 2016, 3(4): 50-56

S. C. Sim, M. Kacevska, and M. Ingelman-Sundberg, "Pharmaco-genomics of drug-metabolizing enzymes: A recent update on
clinical implications and endogenous effects,” Pharmacogenomics Journal, vol. 13, pp. 1-11, 2013.

F. Oesch, "Importance of knowledge on drug metabolism for the safe use of drugs in humans,” Drug Metabolism Reviews, vol. 41,
pp. 298-300, 2009.

P. Riska, M. Lamson, and T. MacGregor, "Disposition and biotransformation of the antiretroviral drug nevirapine in humans," Drug
Metabolism & Disposition, vol. 27, pp. 895-901, 1999.

T. Lang, K. Klein, and J. Fischer, "Extensive genetic polymorphism in the human CYP2B6 gene with impact on expression and
function in human liver," Pharmacogenetics, vol. 11, pp. 399-415, 2001.

H. Jinno, T. Tanaka-Kagawa, and A. Ohno, "Functional characterization of cytochrome P450 2B6 allelic variants,” Drug Metabolism
& Disposition, vol. 31, pp. 398-403, 2003.

M. Rotger, S. Colombo, and H. Furrer, "Influence of CYP2B6 polymorphism on plasma and intracellular concentrations and toxicity
of efavirenz and nevirapine in HIV-infected patients," Pharmacogenetics and Genomics, vol. 15, pp. 1-5, 2005.

S. R. Penzak, G. Kabuye, and P. Mugyenyi, "Cytochrome P450 2B6 (CYP2B6) G516T influences nevirapine plasma concentrations
in HIV-infected patients in Uganda," HIV Medicine, vol. 8, pp. 86-91, 2007.

L. Dickinson, M. Chaponda, and D. F. Carr, "Population pharmacokinetic and pharmacogenetic analysis of nevirapine in
hypersensitive and tolerant HIV-infected patients from Malawi,”" Antimicrobial Agents Chemother, vol. 58, pp. 706-712, 2014.

C. Ciccacci, P. Borgiani, and S. Ceffa, "Nevirapine-induced hepatotoxicity and pharmacogenetics: A retrospective study in a
population from Mozambique," Pharmacogenomics, vol. 11, pp. 23-31, 2010.

K. Klein, T. Lang, and T. Saussele, "Genetic variability of CYP 2B6 in populations of African and Asian origin: Allele frequencies,
novel functional variants, and possible implications for anti-HIV therapy with efavirenz," Pharmacogenetics and Genomics, vol. 15,
pp. 861-873, 2005.

M. A. Frasco, W. J. Mack, and D. B. D. Van, "Underlying genetic structure impacts the association between CYP2B6
polymorphisms and response to efavirenz and nevirapine," AIDS, vol. 26, pp. 2097-2106, 2012.

L. Aurpibul, N. Chotirosniramit, and P. Sugandhavesa, "Correlation of CYP2B6-516G &gt; T polymorphism with plasma efavirenz
concentration and depression in HIV-infected adults in Northern Thailand," Current HIV Research, vol. 10, pp. 653-660, 2012.

W. Manosuthi, C. Sukasem, and A. Lueangniyomkul, "Impact of pharmacogenetic markers of CYP2B6, clinical factors, and drug-
drug interaction on efavirenz concentrations in HIV/tuberculosis-coinfected patients,” Antimicrob Agents Chemother, vol. 57, pp.
1019-1024, 2013.

P. Z. Sinxadi, P. D. Leger, and H. M. Mcllleron, "Pharmacogenetics of plasma efavirenz exposure in HIV-infected adults and
children in South Africa," British Journal of Clinical Pharmacology, vol. 80, pp. 146-156, 2015.

W. H. Chung, W. C. Chang, and Y. S. Lee, "Genetic variants associated with phenytoin-related severe cutaneous adverse reactions,"
JAMA, vol. 312, pp. 525-534, 2014.

J. Thornhill, S. Fidler, and J. Frater, "Advancing the HIV cure Agenda: The next 5 years," Current Opinion in Infectious Diseases,
vol. 28, pp. 1-9, 2015.

S. R. Di, "Inhibiting the HIV integration process: Past, present, and the future," Journal of Medicinal Chemistry, vol. 57, pp. 539—
566, 2014.

A. S. Martin, A. . Gomez, and B. Garcia-Berrocal, "Dose reduc-tion of efavirenz: An observational study describing cost-
effectiveness, pharmacokinetics and pharmacogenetics,” Pharmacogenomics, vol. 15, pp. 997-1006, 2014.

A. L. Mammen, D. Gaudet, and D. Brisson, "Increased frequency of DRB1*11:01 in anti-hydroxymethylglutaryl coenzyme A
reductase-associated autoimmune myopathy,"” Arthritis Care Res Hoboken, vol. 64, pp. 1233-1237, 2012.

J. |. Goldstein, L. F. Jarskog, and C. Hilliard, "Clozapine-induced agranulocytosis is associated with rare HLA-DQB1 and HLA-B
alleles," Nature Communications, vol. 5, p. 4757, 2014.

V. L. Yip, A. G. Marson, A. L. Jorgensen, M. Pirmohamed, and A. Alfirevic, "HLA genotype and carbamazepine-induced cutaneous
adverse drug reactions: A systematic review," Clinical Pharmacology & Therapeutics, vol. 92, pp. 757-565, 2012.

S. Mallal, E. Phillips, and G. Carosi, "HLAB*5701 screening for hypersensitivity to abacavir,” New England Journal of Medicine,
vol. 358, pp. 568-579, 2008.

A. K. Daly, P. T. Donaldson, and P. Bhatnagar, "HLAB*5701 genotype is a major determinant of drug-induced liver injury due to
flucloxacillin," Nature Genetics, vol. 41, pp. 816-819, 2009.

J. B. Singer, S. Lewitzky, and E. Leroy, "A genome wide study identifies HLA alleles associated with lumiracoxib-related liver
injury,” Nature Genetics, vol. 42, pp. 711-714, 2010.

M. I. Lucena, M. Molokhia, and Y. Shen, "Susceptibility to amoxicillin-clavulanate-induced liver injury is influenced by multiple
HLA class | and 1l alleles,” Gastroenterology, vol. 141, pp. 338-347, 2011.

S. J. Hebbring, S. J. Schrodi, and Z. Ye, "A PheWAS approach in studying HLA-DRB1*1501," Genes & Immunity, vol. 14, pp. 187-
191, 2013.

M. Pirmohamed and K. Park, "Mechanism of clozapine-induced agranulocytosis: Current status of research and implications for drug
development,” CNS Drugs, vol. 7, pp. 139-158, 1997.

P. G. Clay, "The abacavir hypersensitivity reaction: A review," Clinical Therapeutics, vol. 24, pp. 1502-1514, 2002.

J. L. Gueant, A. Romano, and J. A. Cornejo-Garcia, "HLA-DRA variants predict penicillin allergy in genome-wide fine mapping
genotyping," Journal of Allergy and Clinical Immunology, vol. 135, pp. 253-259, 2015.

Asian Online Journal Publishing Group is not responsible or answerable for any loss, damage or liability, etc. caused in relation to/arising out of the use of the
content. Any queries should be directed to the corresponding author of the article.

56



