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Chapter 9

Summary

Many acute and chronic lung diseases can cause pulmonary fibrosis and are
commonly referred to as interstitial lung disease (ILD) or diffuse lung disease.
In most cases the origin of ILD is not known. Genetic predisposition and
environmental antigens are indicated as risk factors in the majority of these
ILDs. Several studies have explored the association of genetic polymorphisms
or the presence of certain variant alleles, with the occurrence and/or
progression of ILD of unknown etiology.!” Moreover, the search for more
specific ‘markers’ still continues.

The aim of the studies presented in this thesis was to evaluate the clinical and
prognostic importance of genetic testing in a group of patients with drug-
induced ILD (DI-ILD), a group of patients with oral anticoagulants induced
diffuse alveolar hemorrhage (DAH), and a group of sarcoidosis patients. All
these patients were referred to the ild care center of the Maastricht University
Medical Centre, the Netherlands.

The analyses performed were executed on whole blood samples of drug-
induced ILD, idiopathic pulmonary fibrosis (IPF), and sarcoidosis patients. Of
patients suffering from diffuse alveolar hemorrhage (DAH) analyses were done
on whole blood samples and cells present in bronchoalveolar lavage fluid
(BALF). For the analyses performed on healthy volunteer (HV) groups, whole
blood and buccal swab (BS) samples were used. In afore mentioned
populations the value of genotyping cytochrome P450 (CYP) enzymes (i.e.
CYP2D6, CYP2C9 and CYP2C19) and/or vitamin K epoxide reductase (VKORC1)
was examined. In sarcoidosis patients, next to tumor necrosis factor alpha
(TNF-a G-308A) and butyrophiline-like 2 (BTNL2 G16071A), human leukocyte
antigen (HLA) DRB1 and DQB1 were typed.

Chapter 1, the general introduction, presents a summary of various ILDs, with
an emphasis on drug-induced interstitial lung disease (DI-ILD), diffuse alveolar
hemorrhage (DAH), and sarcoidosis. Furthermore, the term polymorphism and
the possible ways in how to detect them are pointed out. In addition, the
fluorescence resonance energy transfer (FRET) detection method used in this
thesis is explained more in detail.

In chapter 2 the possible role of cytochrome P450 (CYP) enzymes in ILD,
especially in drug-induced ILD (DI-ILD) was reviewed. The CYP enzyme family
plays an important role in the metabolization of a variety of ingested, injected
or inhaled xenobiotic substances. Polymorphisms in the CYP genes can
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influence the metabolic activity of the subsequent enzymes, which in turn may
lead to localized (toxic) reactions and tissue damage. Drug toxicity can be due
to either absence or to very poor enzyme activity. In case of reduced enzyme
activity, dose reduction or prescribing an alternative drug metabolized by a
different, unaffected CYP enzyme is recommended to prevent toxic side effects.
This is particularly important in multi drug-use. Knowing a patient’s CYP profile
before drug prescription could prevent drug-induced ILD and other drug-
induced toxicity. Moreover, it might be helpful in explaining serious adverse
effects from inhaled, injected or ingested xenobiotic substances.

Chapter 3 describes an easy DNA isolation method to be used prior to genetic
testing. Several commercial DNA isolation kits are available for extracting
genomic DNA from whole blood samples, but these procedures are time
consuming and expensive. An alternative technique could be dried blood spot
(DBS) sampling. With the subsequent simple isolation method DNA isolation is
faster, cheaper, and logistics are easier. This DBS DNA isolation method, an
alternative to the commercially available DNA isolation kits, is practical and it
discriminates between genotypes. It can also be used for buccal swabs
resulting in good DNA vyields and giving completely concurrent results with
samples isolated using commercial DNA isolation kits. This expands the
possibilities of this quick and easy DNA isolation procedure, especially in
combination with the noninvasive patient friendly buccal swab sampling
method. In addition, buccal swab sampling appeared to be a good alternative
to invasive sampling methods.

Chapter 4 describes drug-induced pulmonary toxicity, a serious and expanding
problem. Many drugs are metabolized by cytochrome P450 (CYP) enzymes. To
establish whether allelic variation in CYP polymorphic genes contributes to
variability in drug response and unexpected toxicity, a case-control study was
conducted. The cases consisted of patients with drug-induced interstitial lung
disease. Furthermore, two control groups were used: one group of healthy
volunteers and one group of patients with idiopathic pulmonary fibrosis (IPF).
Of the patients with drug-induced ILD 91.5% had at least one of the studied
variant genes compared with 70.5% of the healthy volunteers and 69.1% of
the IPF patients (both p’s<0.001). The percentage of individuals with one or
more variant CYP genes was higher in the drug-induced ILD group. A
significant association between the development of drug-induced ILD and the
presence of one or more variant CYP genes was found. Drug-induced ILD was
associated with the presence of at least one variant CYP allele. This study
supports the potential usefulness of ‘personalized’ medicine by genotyping,
aiming to improve efficacy, tolerability and drug safety.
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The case presented in chapter 5 illustrates that understanding the
mechanisms of drug metabolism and interactions may help to prevent side
effects. The patient was a poor metabolizer for CYP2D6 corroborating that
polymorphisms in this CYP gene influenced the metabolic activity of the
corresponding enzymes. In addition, this affected the subsequent serum drug
levels of venlafaxine and to a much lesser degree metoprolol and their
metabolites. This achieved that toxic serum levels of venlafaxine were present
and no active metabolite (O-desmethylvenlafaxine) could be detected. Besides
therapeutic drug monitoring, genotyping some important cytochrome P450
(CYP) enzymes was of additional value in explaining why the patient developed
severe adverse effects. It also helped us to understand why the patient did not
experience any therapeutical effect of the prescribed venlafaxine. This case
highlights the potential benefit of clinical and genetic risk stratification
(pharmacogenetics) before starting treatment.

In chapter 6 diffuse alveolar hemorrhage (DAH) is highlighted. DAH is a
serious bleeding complication that can occur as a result of, among others, oral
anticoagulation therapy. This study explored the hypothesis that in patients
treated with coumarins DAH may be associated with vitamin K epoxide
reductase complexl (VKORC1) and cytochrome P450 (CYP) variant alleles in
CYP2(C9, and in case of acenocoumarol use also with CYP2C19 variants. Clinical
information of patients using coumarins with at least one episode of DAH was
gathered retrospectively during a seven year period. Out of 173 confirmed DAH
cases, 75 had received oral anticoagulants and 63 of these 75 (84%) patients
were included because DNA was available. Of these samples CYP and VKORC1
single nucleotide polymorphisms (SNPs) were genotyped. In 62 out of 63 DAH
cases VKORC1, CYP2C9 variant genes, or both were found. This indicates that
genotyping appears to be useful in predicting a high risk of serious side effects
related to oral anticoagulant use, including DAH. Consequently, in concurrence
with the American Food and Drug Administration (FDA), we recommend this
genotyping, in order to provide a safer and more individualized anticoagulant
therapy.

Chapter 7 describes a study designed to evaluate the relationship between the
presence of tumor necrosis factor alpha (TNF-a) polymorphisms and the
prognosis of sarcoidosis. In a retrospective case-control study TNF-a G-308A,
TNF-a G-238A and lymphotoxin-a (LTA) were genotyped in 625 sarcoidosis
patients. These patients were classified into 327 patients with non-persistent
(regressing to or stable at chest X-ray stage O or I) disease and 298 patients
with persistent disease using chest X-ray appearances and lung function test
results after a period of at least two years of follow-up. The TNF-ag -308A
variant allele was observed in 25.5% of patients with persistent disease
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compared with 44.0% of patients with non-persistent disease. Consequently,
the presence of a TNF-a -308A variant allele is associated with a favorable
prognosis. Because of the strong linkage between TNF-a G-308A and
HLA-DRB1*03, genotyping of one relatively simple TNF-a SNP is useful in
predicting the prognosis of pulmonary sarcoidosis.

In chapter 8 the association between butyrophiline-like 2 (BTNL2) G16071A
with the course of pulmonary sarcoidosis was assessed and the association
with disease predisposition was verified in 632 sarcoidosis patients. In addition,
the linkage between BTNL2 G16071A and certain HLA-DRB1 and HLA-DQB1
types was investigated. It appeared that the BTNL2 16071A variant allele was
significantly more often present in patients with persistent disease (92.4%)
compared with patients having non-persistent disease (86.6%). The presence
of a BTNL2 16071A variant allele was found to be associated with an almost
twofold increased risk of progressing to more severe and persistent pulmonary
sarcoidosis. Furthermore, the predisposition to develop sarcoidosis was
confirmed, as well as the strong linkage between the BTNL2 16071A variant
allele and DRB1*15 positivity. It also became apparent that typing for DRB1 is
sufficient because of the lack of additional information obtained by typing the
DQB1*06, to establish the 15Q6 haplotype. Whether or not to determine the
DRB1 type or test the BTNL2 G16071A SNP therefore, depends on the ability
and/or availability to perform either test. Additional research will be necessary
to explore the role of these findings in the clinical management of sarcoidosis
patients.
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General discussion

Both genetic and non-genetic information is important in the susceptibility,
development, cause, and treatment response of diseases. The more we know
about a patient’s genes and context, the better disease management decisions
can be made.® Nevertheless, often the cause of a disease appears to be not
only associated with a single nucleotide polymorphism (SNP), but is much more
complicated. Some patients will continue to react unpredictably to therapy
even though, according to obtained tests results, problems were not expected.
Extending mapping of transcription factor binding SNPs and structural variants
associated with transcription factor binding might gather useful information
about the role of genetics in the phenotypic diversity in humans and provide
insight into genetic causes of human disease.”°

The success of modern medicine is partly the result of effective medical
treatment. Although the overall advantage of many drugs outweighs the side
effects, substantial costs are still made as a result of complications of drug
therapy. The variability in drug response among patients is multi-factorial.
These factors include extrinsic features like environmental aspects or co-
medication, but also genetic and intrinsic factors that affect the disposition
(absorption, distribution, metabolism and excretion) of individual drugs. The
existence of large population differences with small intra-patient variability is
consistent with inheritance as determinant of drug response. It is estimated
that genetics can account for 20-95% of the variability in drug disposition and
effects.’! Together clinical and genetic risk stratification (pharmacogenetics)
may lead to more accurate prevention of drug-induced damage in the future.

In a recent editorial the results of almost ten years after the revealing of a draft
sequence of the human genome were assessed. Although detailed maps of
genetic markers of human variation, have facilitated many remarkable
genomewide efforts to associate known SNPs with disease predisposition, more
than one decade of genomics will be required to understand the inborn risks of
most common disorders.® Nevertheless, reviews that highlight successful
applications of gene-based medicine might hasten adoption of the beneficial
changes in medicine that will eventually, if gradually, come from gene-based
sciences.® All the same, our increased understanding of the interactions
between the entire genome and non-genomic factors that result in health and

disease is paving the way for an era of ‘genomic medicine’.!?

There are an increasing number of examples where pharmacogenetic studies
have indicated that a genetic test prior to treatment may be useful either for
setting the individual dose or choosing a certain drug.'>8 The ability to identify
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individuals who are susceptible to adverse drug reactions has the potential to
reduce the personal and population costs of drug-related morbidity and the
potential to attribute to the patients’ safety. Especially persons with more than
one cytochrome P450 (CYP) polymorphism and/or other relevant
polymorphisms may be susceptible to develop adverse effects, such as drug-
induced interstitial lung disease (ILD), when (multiple) drugs are prescribed.®
Moreover, other pharmacogenetic factors might be involved, such as those
involved in methotrexate induced pneumonitis.?%-2?

One of the major conclusions of this thesis is that genetic screening prior to
drug prescription may potentially prevent serious adverse effects such as
diffuse alveolar hemorrhage (DAH) or drug-induced ILD. Another important
finding is that the results obtained by genetic testing appeared to be useful in
disease management, because of the prognostic value of the absence or
presence of specific polymorphisms.

Polymorphisms in drug-induced lung diseases

Not only drug interactions, environmental factors, disease processes, and aging
are factors in the inter-individual metabolic capacity variance, genetic factors
also play an important role in developing adverse effects in general.
Considering the fact that bio-(in)activation by CYP enzymes play an important
role in human drug toxicity, polymorphisms in the CYP enzyme system may
result in large inter-individual variations in the metabolism and toxicity of
xenobiotics. The presence of CYP variant alleles adds a substantial susceptibility
risk factor to the development of drug-induced pulmonary adverse
events.!®2324% In the study presented in chapter 6, genetic allelic variants
appeared to be one of the determinants of variability in sensitivity to
coumarins. Furthermore, others found that even in patients with stable
international normalized ratios (INRs) without adverse (bleeding) effects these
polymorphisms had a profound influence on dose requirements and time to
reach therapeutic INRs.'>?> Despite numerous attempts to standardize the
management of oral anticoagulant therapy, a high proportion of patients are
still inadequately anticoagulated and the optimal means to initiate the therapy
is still a matter of debate. It has been suggested that dosing algorithms
incorporating genetics might outperform usual care. However, a major obstacle
to the widespread adoption of genetic based coumarin dose modelling is that
access to timely genetic testing is currently not widely available.?®
Nevertheless, even despite its limitations, prospective genotyping for CYP2C9
and VKORC1 of patients taking oral anticoagulants has the clear potential to
significantly optimize the safety of drug therapy and set a promising example of
‘personalized’ medicine.°
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Drugs, oxidative stress and pulmonary damage

Beside anticoagulants, D-penicillamine, nitrofurantoin, amiodarone,
propylthiouracil, cocaine, or sirolimus, and/or exposure to toxic agents such as
trimellitic anhydride, insecticides, and pesticides may also cause bleeding
complications including DAH events.?” It has been suggested that oxidative
damage plays a role in the pathophysiology of various diseases, including DAH
and pulmonary fibrosis.?®?® DAH is characterized by pulmonary alveolar cell
death, inflammation, and hyaline membranes composed of fibrin and cellular
debris.>® Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive and
frequently fatal form of ILD, characterized by impaired fibrinolysis and a
complex pathogenesis.?*:31:32 As a result of diffuse alveolar bleeding events iron
is released in the lung. In turn this free toxic iron causes oxidative stress,
inflammation, and finally irreversible damage or fibrosis.333 Moreover, people
with VKORC1 and/or CYP2C9 variant alleles might have a predisposition for a
greater risk of bleeding events in case they use oral anticoagulants, which
might make them more susceptible to iron-catalysed toxicity caused by
oxidants. This is important as anticoagulant therapy is considered to be an
additional new strategy to treat IPF patients.®* In contrast, Thomassetti et al.
did not find a beneficial effect of anticoagulants.®® It is tempting to speculate
that an association with VKORC1 and/or CYP2C9 variant alleles might even be
a risk factor for the development or exacerbation of IPF. Furthermore, it was
accentuated that in DAH cases early recognition of the presence of one of the
studied polymorphisms is important, because of a potential lethal outcome and
the fact that simple vitamin K supplementation can be life-saving.3® Increased
availability of vitamin K through daily supplementation, is expected to diminish
the inhibitory activity and the relative day-to-day variability of coumarins and
can significantly improve anticoagulation control in unstable patients.3%3”

Importance of various genetic variants

It was emphasized that early recognition of the presence of certain
polymorphisms is important.3®3” Not only in case of anticoagulant use, also in
psychiatry, pharmacogenetic testing has become more common practice in the
United States (US) with FDA approval of the AmpliChip CYP450 and CYP2D6
and CYP2C19 testing helping patients with a history of excessive difficulties
with antidepressants.®®“° This was also illustrated by the case described in
chapter 5. Besides CYP and VKORC1 polymorphisms other genetic variants are
also important. Two main immunosuppressive drugs that are often used in the
treatment of severe ILD are methotrexate (MTX) and azathioprine. MTX is
frequently used in the treatment of autoimmune diseases such as rheumatoid
arthritis, psoriasis, Crohn’s disease, as well as in sarcoidosis. MTX toxicity and
efficacy is associated with a number of polymorphic enzymes and testing for
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variants was found to be predictive of response to and safety of MTX
treatment.'”?12241 Moreover, when a patient develops an adverse drug
reaction after starting MTX treatment, testing the C677T and A1298C variants
in the methylenetetrahydrofolate reductase (MTHFR) gene involved in the MTX
metabolism, should be considered.*? In case of an azathioprine indication, also
used as treatment for certain ILDs including IPF, testing thiopurine
methyltransferase (TPMT) variants involved in the azathioprine metabolism is
advised before starting treatment.**** In the US, drug labels for azathioprine
now include information on TPMT polymorphisms and recommend determining
patients’ phenotype or genotype prior to drug treatment.*®

Sarcoidosis

Sarcoidosis is a chronic granulomatous disorder of unknown cause with a highly
variable course, characterized by activation of T-lymphocytes and
macrophages. In an effort to determine the etiology of sarcoidosis the
multicenter study A Case Control Etiologic Study of Sarcoidosis (ACCESS) was
designed.”” One of the lessons learned from ACCESS was that genetic
associations with sarcoidosis were observed and appeared to be stronger
predictors of the course of sarcoidosis than environmental factors.*® The
assumption that genes contribute to the etiology of sarcoidosis comes from the
observation that prevalence and incidence rates of sarcoidosis are different
between ethnic groups and that the disease tends to cluster in families.
Interactions of exposures with genetic predispositions would have important
implications for the understanding of immune responses as well as the
pathogenesis of sarcoidosis.*” Prognostic factors of sarcoidosis are very
important because certain obstacles confound the accurate prediction of the
prognosis of sarcoidosis, such as the lack of reliable activity markers, the
intensity level of granulomatous response, and the inability to differentiate the
response from the dys-regulated repair process leading to fibrosis.*’

The role of genes in the etiology of sarcoidosis

Association of sarcoidosis and class I and II HLA antigens is well known and in
several studies the risk of progression of sarcoidosis, and the presence or
absence of a polymorphism has been established.!*244%%0 In addition to HLA
types, co-stimulatory molecules of the immunoglobulin superfamily are also
necessary to activate T-cells. The butyrophiline-like 2 (BTNL2) gene is located
close to and in linkage with HLA-DRB1, which in turn is implicated in the
etiology of sarcoidosis.’’™>* Moreover, the presence of the BTNL2 16071A
variant allele was recently associated with an increased risk of developing
sarcoidosis.>®>® In T-helper cell 1 (Th1l) dominated granulomatous diseases
similar to sarcoidosis, an association between the presence of BTNL2 G16071A
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and disease predisposition was found. This association was attributed to the
strong linkage with HLA-DRB1/DQB1 haplotypes.>*>° Nevertheless, because of
this strong linkage between BTNL2 and HLA-DRB1/DQB1, BTNL2 G16071A
should be considered relevant to any immune-related disease associated with
HLA-DRB1/DQB1.%* In the study presented in this thesis, the strong linkage
between the BTNL2 16071A variant allele and HLA-DRB1*15 was confirmed.
Another conclusion was that the presence of the BTNL2 A-allele was also
associated with an increased risk of progressing to a persistent form of
pulmonary sarcoidosis. Another SNP that was confirmed to influence
sarcoidosis susceptibility is cyclooxegenase-2 (COX2) T8473C, however, no
association with progression was found.®® Therefore, determining the BTNL2
G16071A genotype even prior to the development of complaints, can be
beneficial, for example when there is a family history of sarcoidosis.®* Not only
to establish whether or not someone is more prone to develop sarcoidosis, but
also whether there is an additional risk to progress to a more persistent form.
Recently, strong evidence was found for the postulation that several SNPs in
the vascular endothelial growth factor (VEGF) and its receptor genes VEGFR-1
and VEGFR-2 also possessed the ability to predict predisposition and
progression of sarcoidosis, but further studies are needed to evaluate the
clinical relevance.®?

The influence of genes on the course of sarcoidosis

Recently, it was found that serum amyloid A plays an important role in
granuloma formation in sarcoidosis as well as tumor necrosis factor (TNF),
interleukin-10 (IL-10), interferon-gamma (INF-y), and Toll-like receptor 2
(TLR2).%3 In turn, these cytokines and enzymes not only influence the serum
amyloid A production, but their expression can also be influenced by possible
polymorphisms in their coding or non-coding sequence, and thus influence the
cause or course of sarcoidosis.”*® The potent pro-inflammatory cytokine TNF-
alpha (TNF-a) for instance plays a pivotal role in inflammatory and immune
responses, and regulates and sustains granuloma formation in sarcoidosis.®*
Several SNPs are identified in the TNF-a gene and especially the variant
A-allele of the TNF-a G-308A gene is associated with higher TNF-a serum
levels and an acute course of sarcoidosis.®® The findings presented in chapter 7
of this thesis demonstrate that it is sometimes beneficial to possess a variant
allele (i.e. TNF-a -308A), opposed to not having a polymorphism, in the course
of sarcoidosis.®® The risk of progressing to a more severe pulmonary
involvement or persistent form of sarcoidosis was found to be higher in the
absence of a TNF-a G-308A allelic variant, corroborating findings of other
studies conducted on smaller populations.®®®” In line with this, bearing the
HLA-DRB1*03 type also predicted a more favorable outcome, as was
previously established in sarcoidosis patients with Lofgren’s syndrome, the
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acute form of sarcoidosis with predominantly spontaneous remission,!2:66:68

What is more, both TNF-a G-308A and HLA-DRB1*03 typing appear to be
interchangeable as far as the outcome or prediction of the course of sarcoidosis
is concerned, consequently confirming the strong linkage between both
genes. %859

The role of genes in therapeutic management

Because of the strong linkage disequilibrium found between several genes and
HLA-types, the choice of whether or not to test for a simple SNP (for example
BTNL2 or TNF-a gene SNPs) or perform HLA typing appears to depend more on
the availability of the technique or test. Conclusions drawn from studies
presented in this thesis can be useful in furthering the clinical validation of
applying genotyping in predicting the clinical course of sarcoidosis in individual
patients and fine-tune disease management. Since available sarcoidosis
therapies are not without risk and sometimes even toxic, patient care would
benefit from the ability to predict the progression of the disease.”® Therefore,
identifying those cases that might have a chance to develop a more severe
manifestation of sarcoidosis is important and treatment aimed at avoiding
irreversible damage can be started early.”! Furthermore, if the course of the
disease has already progressed to severe or refractory sarcoidosis it would be
of great clinical relevance to be able to select those cases who might benefit
from a certain drug and who will not. For instance, when corticosteroids, most
often the first drug of choice in sarcoidosis, are not effective, MTX might be
considered. It has been beneficial in certain cases, however, it has a variety of
clinical efficacies and toxicities, which are difficult to predict.??”? Several reports
have suggested that the use of pharmacogenetics might help to improve the
understanding of drug efficacy and toxicity. However, studies in rheumatoid
arthritis or psoriasis patients showed conflicting data whether or not these side
effects were caused by the altered expression of genes by MTX.273.74

Recently, anti-TNF-a therapy has proven to be useful in the treatment of
refractory sarcoidosis. However, response to this therapy is not always as
promising as expected.’®”> Moreover, it takes some time before the effect of
these so-called biologicals is apparent, substantial side-effects are reported and
additionally, this therapy is expensive. In refractory sarcoidosis, bearing a
TNF-a G-308A variant allele appears to be a disadvantage. In previous studies
conducted in rheumatoid arthritis patients not possessing a variant allele seem
to respond to the therapy in contrast to variant allele carriers.”®”” Insight into
the patient’s probable response might provide important information, especially
for those patients, who very likely will not benefit from this anti-TNF-a therapy,
and therefore should be treated with alternative medication without delay.
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Directions for future research

There is still a need for well designed prospective clinical trials that measure
patient-oriented outcomes of selected genomic applications, and studies that
evaluate the role of genomic variation in disease susceptibility, predicting
prognosis, treatment response and in tailoring drug treatment for individual
patients. These investigations are aimed to help to bridge the gap between
‘personalized’ and ‘evidence-based’ medicinel?

In order to ascertain anticoagulation levels quicker and safer, without the risk
of serious side effects and identify coumarin sensitive cases, genotyping for
VKORC1, CYP2C9, and CYP2C19 polymorphisms would be a preferable cause of
action. This genotyping should be performed ideally prior to oral anticoagulant
therapy, but certainly in case of high and unstable or even overshot target
INRs. A cost-effectiveness study, evaluating whether or not screening for
VKORC1 and CYP2C9 polymorphisms prior to administering oral anticoagulant
therapy is of clinical relevance, is therefore highly recommended.

Furthermore, a prospective study to determine if, when variant alleles are
present, simultaneous oral vitamin K supplementation can prevent diffuse
alveolar hemorrhage (DAH) events is needed. Whether or not an association
exists between CYP and VKORC1 polymorphisms and the development and/or
progression of pulmonary fibrosis is another important issue for future studies.
Hypothesizing that fibrosis could be associated with repeated episodes of
diffuse alveolar damage to a certain extent is intriguing. Prospective clinical
trials are needed to clarify the role of anticoagulant therapy and other alveolar
bleeding initiating agents in the development of pulmonary fibrosis. Further
investigations are also needed to assess if anticoagulant therapy is a friend or
foe in the therapeutic strategies of pulmonary fibrosis. Therefore, it would be
interesting to evaluate whether screening of patients before initiating
anticoagulant therapy might be of clinical relevance.

MTX, frequently used in sarcoidosis in combination with or without anti-TNF-a
therapy, is also influenced by the presence of variant alleles. For that reason, a
study into the influence of these polymorphisms on the efficiency and efficacy
of this drug in sarcoidosis therapy should certainly be considered. Moreover,
these studies might even give an answer to the question about which patients
would benefit from MTX and for whom no advantage can be achieved or for
whom the result will even be detrimental. It might be fascinating to develop a
screening system based on both clinical and genetic information.
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Next to the information about the progression of sarcoidosis, a patient’s TNF-a
status or genetic make-up can also play a significant role in therapeutic disease
management. Assessing a possible association in individual cases between the
absence of a TNF-a -308A variant allele and being a responder or non-
responder to anti-TNF-a therapy would be of great clinical relevance. The
results could provide important information about whether or not a patient
would possibly benefit from anti-TNF-a therapy. Therefore, research should
continue to depict the role of TNF genes in the immunogenetics and clinical
management of sarcoidosis.

The ability to identify individuals who are susceptible to adverse drug reactions,
with the inclusion of both clinical and genetic risk stratification, may lead to a
more accurate prevention of drug-induced damage and has the potential to
reduce the personal and population costs of drug-related morbidity.”®”° The
introduction of a genetic medical passport for each patient aimed to achieve a
more appropriate individual pharmacotherapy seems promising in therapeutic
drug monitoring. However, whether this might reduce the risk of side effects
and related medical consumption needs to be evaluated. Collaboration between
medical specialists, clinical pharmacists, pharmacologists and laboratory
specialists will be necessary to accomplish individualize pharmacotherapy based
on the pharmacogenetic profile.&

141



142

Chapter 9

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Grunewald J, Eklund A, Olerup O. Human leukocyte antigen class I alleles and the
disease course in sarcoidosis patients. Am J Respir Crit Care Med. 2004;169:
696-702.

Grutters JC, Sato H, Pantelidis P, Lagan AL, McGrath DS, Lammers JW, van den
Bosch JM, Wells AU, du Bois RM, Welsh KI. Increased frequency of the uncommon
tumor necrosis factor -857T allele in British and Dutch patients with sarcoidosis. Am
J Respir Crit Care Med. 2002;165:1119-24.

Iannuzzi MC. Genetics of sarcoidosis. Semin Respir Crit Care Med. 2007;28:15-21.
Sato H, Williams HR, Spagnolo P, Abdallah A, Ahmad T, Orchard TR, Copley SJ,
Desai SR, Wells AU, du Bois RM, Welsh KI. CARD15/NOD2 polymorphisms are
associated with severe pulmonary sarcoidosis. Eur Respir J. 2010;35:324-30.

Yang 1V, Burch LH, Steele MP, Savov JD, Hollingsworth JW, McElvania-Tekippe E,
Berman KG, Speer MC, Sporn TA, Brown KK, Schwarz MI, Schwartz DA. Gene
expression profiling of familial and sporadic interstitial pneumonia. Am J Respir Crit
Care Med. 2007;175:45-54.

Nogee LM, Dunbar AE, 3rd, Wert SE, Askin F, Hamvas A, Whitsett JA. A mutation in
the surfactant protein C gene associated with familial interstitial lung disease. N Engl
J Med. 2001;344:573-9.

Veltkamp M, Wijnen PA, van Moorsel CH, Rijkers GT, Ruven HJ], Heron M, Bekers O,
Claessen AM, Drent M, van den Bosch JM, Grutters JC. Linkage between Toll-like
receptor (TLR) 2 promotor and intron polymorphisms: functional effects and
relevance to sarcoidosis. Clin Exp Immunol. 2007;149:453-62.

Varmus H. Ten years on--the human genome and medicine. N Eng/ J Med.
2010;362:2028-9.

Kasowski M, Grubert F, Heffelfinger C, Hariharan M, Asabere A, Waszak SM,
Habegger L, Rozowsky J, Shi M, Urban AE, Hong MY, Karczewski KJ, Huber W,
Weissman SM, Gerstein MB, Korbel JO, Snyder M. Variation in transcription factor
binding among humans. Science. 2010;328:232-5.

Stehle S, Kirchheiner J, Lazar A, Fuhr U. Pharmacogenetics of oral anticoagulants: a
basis for dose individualization. Clin Pharmacokinet. 2008;47:565-94.

Evans WE, McLeod HL. Pharmacogenomics--drug disposition, drug targets, and side
effects. N Engl J Med. 2003;348:538-49.

Feero WG, Guttmacher AE, Collins FS. Genomic medicine--an updated primer. N
Engl J Med. 2010;362:2001-11.

McLeod HL, Evans WE. Pharmacogenomics: unlocking the human genome for better
drug therapy. Annu Rev Pharmacol Toxicol. 2001;41:101-21.

Meyer UA. Pharmacogenetics and adverse drug reactions. Lancet. 2000;356:
1667-71.

Moyer TP, O'Kane DJ, Baudhuin LM, Wiley CL, Fortini A, Fisher PK, Dupras DM,
Chaudhry R, Thapa P, Zinsmeister AR, Heit JA. Warfarin sensitivity genotyping: a
review of the literature and summary of patient experience. Mayo Clin Proc.
2009;84:1079-94.

Nebert DW, Russell DW. Clinical importance of the cytochromes P450. Lancet.
2002;360:1155-62.

Wessels JA, de Vries-Bouwstra JK, Heijmans BT, Slagboom PE, Goekoop-Ruiterman
YP, Allaart CF, Kerstens PJ, van Zeben D, Breedveld FC, Dijkmans BA, Huizinga TW,
Guchelaar HJ. Efficacy and toxicity of methotrexate in early rheumatoid arthritis are
associated with single-nucleotide polymorphisms in genes coding for folate pathway
enzymes. Arthritis Rheum. 2006;54:1087-95.

Rieder MJ, Reiner AP, Gage BF, Nickerson DA, Eby CS, McLeod HL, Blough DK,
Thummel KE, Veenstra DL, Rettie AE. Effect of VKORC1 haplotypes on
transcriptional regulation and warfarin dose. N Engl J Med. 2005;352:2285-93.



19.

20.

21.

22.

23.

24,

25.

26.
27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Summary, discussion and future research

Wijnen PA, Drent M, Nelemans PJ, Kuijpers PM, Koek GH, Neef C, Haenen GR,
Bekers O. Role of cytochrome P450 polymorphisms in the development of
pulmonary drug toxicity: a case-control study in the Netherlands. Drug Saf.
2008;31:1125-34.

Zisman DA, McCune WJ, Tino G, Lynch JP, 3rd. Drug-induced pneumonitis: the role
of methotrexate. Sarcoidosis Vasc Diffuse Lung Dis. 2001;18:243-52.

Wessels JA, Kooloos WM, De Jonge R, De Vries-Bouwstra JK, Allaart CF, Linssen A,
Collee G, De Sonnaville P, Lindemans ], Huizinga TW, Guchelaar HJ. Relationship
between genetic variants in the adenosine pathway and outcome of methotrexate
treatment in patients with recent-onset rheumatoid arthritis. Arthritis Rheum.
2006;54:2830-9.

Kim Y], Song M, Ryu JC. Mechanisms underlying methotrexate-induced pulmonary
toxicity. Expert Opin Drug Saf. 2009;8:451-8.

Wijnen PA, Limantoro I, Drent M, Bekers O, Kuijpers PM, Koek GH. Depressive effect
of an antidepressant: therapeutic failure of venlafaxine in a case lacking CYP2D6
activity. Ann Clin Biochem. 2009;46:527-30.

Wijnen PA, Linssen CF, Haenen GR, Bekers O, Drent M. Variant VKORC1 and
CYP2C9 Alleles in Patients with Diffuse Alveolar Hemorrhage Caused by Oral
Anticoagulants. Mol Diagn Ther. 2010;14:23-30.

Ozer N, Cam N, Tangurek B, Ozer S, Uyarel H, Oz D, Guney MR, Ciloglu F. The
impact of CYP2C9 and VKORC1 genetic polymorphism and patient characteristics
upon warfarin dose requirements in an adult Turkish population. Heart Vessels.
2010;25:155-62.

Lazo-Langner A, Kovacs MJ. Predicting warfarin dose. Curr Opin Pulm Med. 2010:6.
Ioachimescu OC, Stoller JK. Diffuse alveolar hemorrhage: diagnosing it and finding
the cause. Cleve Clin J Med. 2008;75:258, 60, 64-5 passim.

Rahman I, Skwarska E, Henry M, Davis M, O'Connor CM, FitzGerald MX, Greening A,
MacNee W. Systemic and pulmonary oxidative stress in idiopathic pulmonary
fibrosis. Free Radic Biol Med. 1999;27:60-8.

Day BJ. Antioxidants as potential therapeutics for lung fibrosis. Antioxid Redox
Signal. 2008;10:355-70.

Jin Y, Choi AM. Cytoprotection of heme oxygenase-1/carbon monoxide in lung
injury. Proc Am Thorac Soc. 2005;2:232-5.

Selman M, Thannickal V], Pardo A, Zisman DA, Martinez FJ, Lynch JP, 3rd.
Idiopathic pulmonary fibrosis: pathogenesis and therapeutic approaches. Drugs.
2004;64:405-30.

Demedts M, Behr J, Buhl R, Costabel U, Dekhuijzen R, Jansen HM, MacNee W,
Thomeer M, Wallaert B, Laurent F, Nicholson AG, Verbeken EK, Verschakelen ],
Flower CD, Capron F, Petruzzelli S, De Vuyst P, van den Bosch JM, Rodriguez-
Becerra E, Corvasce G, Lankhorst I, Sardina M, Montanari M. High-dose
acetylcysteine in idiopathic pulmonary fibrosis. N Engl J Med. 2005;353:2229-42.
Ghio AJ, Stonehuerner ]G, Richards JH, Crissman KM, Roggli VL, Piantadosi CA,
Carraway MS. Iron homeostasis and oxidative stress in idiopathic pulmonary
alveolar proteinosis: a case-control study. Respir Res. 2008;9:10.

Kubo H, Nakayama K, Yanai M, Suzuki T, Yamaya M, Watanabe M, Sasaki H.
Anticoagulant therapy for idiopathic pulmonary fibrosis. Chest. 2005;128:1475-82.
Tomassetti S, Ryu JH, Gurioli C, Ravaglia C, Buccioli M, Chilosi M, Carloni A, Piciucchi
S, Gurioli C, Casoni G, Romagnoli M, Poletti V. The effect of anticoagulant therapy
on survival of patients with idiopathic pulmonary fibrosis. Am J Respir Crit Care Med.
2010;181:A6028.

Sconce E, Avery P, Wynne H, Kamali F. Vitamin K supplementation can improve
stability of anticoagulation for patients with unexplained variability in response to
warfarin. Blood. 2007;109:2419-23.

143



144

Chapter 9

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

Sconce EA, Avery PJ, Wynne HA, Kamali F. Vitamin K epoxide reductase complex
subunit 1 (VKORC1 ) polymorphism influences the anticoagulation response
subsequent to vitamin K intake: a pilot study. J Thromb Haemost. 2008;6:1226-8.
de Leon J, Armstrong SC, Cozza KL. Clinical guidelines for psychiatrists for the use
of pharmacogenetic testing for CYP450 2D6 and CYP450 2C19. Psychosomatics.
2006;47:75-85.

Gage BF, Lesko LJ. Pharmacogenetics of warfarin: regulatory, scientific, and clinical
issues. J Thromb Thrombolysis. 2008;25:45-51.

Wang D, Chen H, Momary KM, Cavallari LH, Johnson JA, Sadee W. Regulatory
polymorphism in vitamin K epoxide reductase complex subunit 1 (VKORC1) affects
gene expression and warfarin dose requirement. Blood. 2008;112:1013-21.

Warren RB, Smith RL, Campalani E, Eyre S, Smith CH, Barker JN, Worthington J,
Griffiths CE. Genetic variation in efflux transporters influences outcome to
methotrexate therapy in patients with psoriasis. J Invest Dermatol. 2008;128:
1925-9.

Campalani E, Arenas M, Marinaki AM, Lewis CM, Barker JN, Smith CH.
Polymorphisms in folate, pyrimidine, and purine metabolism are associated with
efficacy and toxicity of methotrexate in psoriasis. J Invest Dermatol.
2007;127:1860-7.

Schutz E, von Ahsen N, Oellerich M. Genotyping of eight thiopurine
methyltransferase mutations: three-color multiplexing, "two-color/shared" anchor,
and fluorescence-quenching hybridization probe assays based on thermodynamic
nearest-neighbor probe design. Clin Chem. 2000;46:1728-37.

Baker DE. Pharmacogenomics of azathioprine and 6-mercaptopurine in
gastroenterologic therapy. Rev Gastroenterol Disord. 2003;3:150-7.

Bakker JA, Bierau J, Drent M. Therapeutic regimens in interstitial lung disease
guided by genetic screening: fact or fiction? Eur Respir J. 2007;30:821-2.

Daly AK. Individualized drug therapy. Curr Opin Drug Discov Devel. 2007;10:29-36.
Design of a case control etiologic study of sarcoidosis (ACCESS). ACCESS Research
Group. J Clin Epidemiol. 1999;52:1173-86.

Rossman MD, Kreider ME. Lesson learned from ACCESS (A Case Controlled Etiologic
Study of Sarcoidosis). Proc Am Thorac Soc. 2007;4:453-6.

Voorter CE, Drent M, van den Berg-Loonen EM. Severe pulmonary sarcoidosis is
strongly associated with the haplotype HLA-DQB1*0602-DRB1*150101. Hum
Immunol. 2005;66:826-35.

Wijnen PA, Nelemans PJ, Verschakelen JA, Bekers O, Voorter CE, Drent M. The role
of tumor necrosis factor alpha G-308A polymorphisms in the course of pulmonary
sarcoidosis. Tissue Antigens. 2010;75:262-8.

Sato H, Grutters JC, Pantelidis P, Mizzon AN, Ahmad T, Van Houte AJ, Lammers JW,
Van Den Bosch JM, Welsh KI, Du Bois RM. HLA-DQB1*0201: a marker for good
prognosis in British and Dutch patients with sarcoidosis. Am J Respir Cell Mol Biol.
2002;27:406-12.

Foley PJ], McGrath DS, Puscinska E, Petrek M, Kolek V, Drabek ], Lympany PA,
Pantelidis P, Welsh KI, Zielinski J, du Bois RM. Human leukocyte antigen-DRB1
position 11 residues are a common protective marker for sarcoidosis. Am J Respir
Cell Mol Biol. 2001;25:272-7.

Rossman MD, Thompson B, Frederick M, Maliarik M, Iannuzzi MC, Rybicki BA,
Pandey JP, Newman LS, Magira E, Beznik-Cizman B, Monos D. HLA-DRB1*1101: a
significant risk factor for sarcoidosis in blacks and whites. Am J Hum Genet.
2003;73:720-35.

Traherne JA, Barcellos LF, Sawcer SJ, Compston A, Ramsay PP, Hauser SL,
Oksenberg JR, Trowsdale J. Association of the truncating splice site mutation in
BTNL2 with multiple sclerosis is secondary to HLA-DRB1*15. Hum Mol Genet.
2006;15:155-61.



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Summary, discussion and future research

Spagnolo P, Sato H, Grutters JC, Renzoni EA, Marshall SE, Ruven HJ], Wells AU,
Tzouvelekis A, van Moorsel CH, van den Bosch JM, du Bois RM, Welsh KI. Analysis
of BTNL2 genetic polymorphisms in British and Dutch patients with sarcoidosis.
Tissue Antigens. 2007;70:219-27.

Valentonyte R, Hampe ], Huse K, Rosenstiel P, Albrecht M, Stenzel A, Nagy M,
Gaede KI, Franke A, Haesler R, Koch A, Lengauer T, Seegert D, Reiling N, Ehlers S,
Schwinger E, Platzer M, Krawczak M, Muller-Quernheim J, Schurmann M, Schreiber
S. Sarcoidosis is associated with a truncating splice site mutation in BTNL2. Nat
Genet. 2005;37:357-64.

Li Y, Wollnik B, Pabst S, Lennarz M, Rohmann E, Gillissen A, Vetter H, Grohe C.
BTNL2 gene variant and sarcoidosis. Thorax. 2006;61:273-4.

Rybicki BA, Walewski JL, Maliarik MJ], Kian H, Iannuzzi MC. The BTNL2 gene and
sarcoidosis susceptibility in African Americans and Whites. Am J Hum Genet. 2005;
77:491-9.

Orozco G, Eerligh P, Sanchez E, Zhernakova S, Roep BO, Gonzalez-Gay MA, Lopez-
Nevot MA, Callejas JL, Hidalgo C, Pascual-Salcedo D, Balsa A, Gonzalez-Escribano
MF, Koeleman BP, Martin J. Analysis of a functional BTNL2 polymorphism in type 1
diabetes, rheumatoid arthritis, and systemic lupus erythematosus. Hum Immunol.
2005;66:1235-41.

Lopez-Campos JL, Rodriguez-Rodriguez D, Rodriguez-Becerra E, Alfageme Michavila
I, Guerra JF, Hernandez FJ], Casanova A, Fernandez de Cordoba Gamero ], Romero-
Ortiz A, Arellano-Orden E, Montes-Worboys A. Cyclooxygenase-2 polymorphisms
confer susceptibility to sarcoidosis but are not related to prognosis. Respir Med.
2009;103:427-33.

Coudurier M, Freymond N, Aissaoui S, Calender A, Pacheco Y, Devouassoux G.
Homozygous variant rs2076530 of BTNL2 and familial sarcoidosis. Sarcoidosis Vasc
Diffuse Lung Dis. 2009;26:162-6.

Pabst S, Karpushova A, Diaz-Lacava A, Herms S, Walier M, Zimmer S, Cichon S,
Nickenig G, Nothen MM, Wienker TF, Grohe C. VEGF gene haplotypes are associated
with sarcoidosis. Chest. 2010;137:156-63.

Chen ES, Song Z, Willett MH, Heine S, Yung RC, Liu MC, Groshong SD, Zhang Y,
Tuder RM, Moller DR. Serum amyloid A regulates granulomatous inflammation in
sarcoidosis through Toll-like receptor-2. Am J Respir Crit Care Med. 2010;181:
360-73.

Iannuzzi MC, Rybicki BA, Teirstein AS. Sarcoidosis. N Engl J Med. 2007;357:
2153-65.

Medica I, Kastrin A, Maver A, Peterlin B. Role of genetic polymorphisms in ACE and
TNF-alpha gene in sarcoidosis: a meta-analysis. J Hum Genet. 2007;52:836-47.
Seitzer U, Swider C, Stuber F, Suchnicki K, Lange A, Richter E, Zabel P, Muller-
Quernheim J, Flad HD, Gerdes J. Tumour necrosis factor alpha promoter gene
polymorphism in sarcoidosis. Cytokine. 1997;9:787-90.

Mrazek F, Holla LI, Hutyrova B, Znojil V, Vasku A, Kolek V, Welsh KI, Vacha J, du
Bois RM, Petrek M. Association of tumour necrosis factor-alpha, lymphotoxin-alpha
and HLA-DRB1 gene polymorphisms with Lofgren's syndrome in Czech patients with
sarcoidosis. Tissue Antigens. 2005;65:163-71.

Swider C, Schnittger L, Bogunia-Kubik K, Gerdes J, Flad H, Lange A, Seitzer U. TNF-
alpha and HLA-DR genotyping as potential prognostic markers in pulmonary
sarcoidosis. Eur Cytokine Netw. 1999;10:143-6.

Seitzer U, Gerdes J, Muller-Quernheim J. Evidence for disease phenotype associated
haplotypes (DR.TNF) in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis.
2001;18:279-83.

145



146

Chapter 9

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Baughman RP, Drent M, Kavuru M, Judson MA, Costabel U, du Bois R, Albera C,
Brutsche M, Davis G, Donohue JF, Muller-Quernheim ], Schlenker-Herceg R, Flavin
S, Lo KH, Oemar B, Barnathan ES. Infliximab therapy in patients with chronic
sarcoidosis and pulmonary involvement. Am J Respir Crit Care Med. 2006;174:
795-802.

Baughman RP, du Bois RM, Lynch JP, Wells AU. Diffuse Lung Disease A Practical
Approach: Hodder Arnold London;2004.

Baughman RP, Lower EE. A clinical approach to the use of methotrexate for
sarcoidosis. Thorax. 1999;54:742-6.

Warren RB, Smith RL, Campalani E, Eyre S, Smith CH, Barker JN, Worthington J,
Griffiths CE. Outcomes of methotrexate therapy for psoriasis and relationship to
genetic polymorphisms. Br J Dermatol. 2009;160:438-41.

Hider SL, Bruce IN, Thomson W. The pharmacogenetics of methotrexate.
Rheumatology (Oxford). 2007;46:1520-4.

Baughman RP, Lower EE, Drent M. Inhibitors of tumor necrosis factor (TNF) in
sarcoidosis: who, what, and how to use them. Sarcoidosis Vasc Diffuse Lung Dis.
2008;25:76-89.

Mugnier B, Balandraud N, Darque A, Roudier C, Roudier J, Reviron D. Polymorphism
at position -308 of the tumor necrosis factor alpha gene influences outcome of
infliximab therapy in rheumatoid arthritis. Arthritis Rheum. 2003;48:1849-52.

Seitz M, Wirthmuller U, Moller B, Villiger PM. The -308 tumour necrosis factor-alpha
gene polymorphism predicts therapeutic response to TNFalpha-blockers in
rheumatoid arthritis and spondyloarthritis patients. Rheumatology (Oxford).
2007;46:93-6.

Clark DW, Donnelly E, Coulter DM, Roberts RL, Kennedy MA. Linking
pharmacovigilance with pharmacogenetics. Drug Saf. 2004;27:1171-84.

Jaquenoud Sirot E, van der Velden JW, Rentsch K, Eap CB, Baumann P. Therapeutic
drug monitoring and pharmacogenetic tests as tools in pharmacovigilance. Drug Saf.
2006;29:735-68.

Wijnen PA, Op den Buijsch RA, Drent M, Kuijpers PM, Neef C, Bast A, Bekers O,
Koek GH. Review article: The prevalence and clinical relevance of cytochrome P450
polymorphisms. Aliment Pharmacol Ther. 2007;26 Suppl 2:211-9.



