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4G/5G polymorphism of the PAI-1 gene in a patient with chronic pain.
Case report with expanded management following genetic diagnosis

Polimorfismo 4G/5G do gene PAI-1 em paciente com dor crdnica. Relato de caso com conduta ampliada
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ABSTRACT

BACKGROUND AND OBJECTIVES: Vascularand bone disorders may underlie chronic pain syndromes that are difficult to manage
and may be associated with predisposing genetic alterations. The PAI-1 gene polymorphism promotes a prothrombotic state
that favors the development of local vascular thrombosis, such as osteonecrosis. Thus, this study aims to report a case of
chronic pain associated with the 4G/5G polymorphism of the PAI-1 gene.

CASE REPORT: A 29-year-old male patient with complaints of difficult-to-control bone pain for over 10 years and osteonecrosis
ofthe femurand tibia, with no defined etiology. He had a history of five episodes of acute myocardial infarction and episodes of
sudden-onsetdyspnea, initially attributed to possible pulmonary embolism, without a confirmed cause. Extensive investigations
were conducted until his referral to the Chronic Pain Clinic, where a genetic disorder was suspected, and specific testing was
requested. The results confirmed the presence of the 4G/5G polymorphism in the PAI-1 gene, clarifying the predisposition to
thrombotic events throughout his life and the intense pain in the knee and hip regions. The patient continued anticoagulant
therapy under the care of the hematology team and remained under ongoing treatment for pain management at the Chronic
Pain Clinic of HUUFMA.

CONCLUSION: Prolonged and difficult-to-control pain may manifest as a consequence of the 4G/5G polymorphism in the PAI-1
gene, which is associated with a predisposition to thrombotic events such as osteonecrosis. This association highlights the
relevance of genetic factors in the management of chronic pain.
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RESUMO

JUSTIFICATIVA E OBJETIVOS: DistUrbios vasculares e 6sseos podem ser responsaveis por quadros de dor cronica de dificil
controle e estar associados a alteragdes genéticas predisponentes. No polimorfismo do gene do PAI-1 ha a formagdo de um
estado protrombético que favorece o desenvolvimento de trombose vascular local, como a osteonecrose. Assim, este estudo
tem como objetivo relatar um caso de dor cronica associada ao polimorfismo 4G/5G do gene PAI-1.

RELATO DO CASO: Paciente do sexo masculino, 29 anos, apresentando queixas de dores 6sseas de dificil controle hd mais de
10 anos e osteonecrose no fémur e na tibia, sem etiologia definida. Possuia histdrico de cinco episodios de infarto agudo do
miocérdio e de dispneia subita, inicialmente atribuida a uma possivel embolia pulmonar, sem causa definida. Realizou-se uma
intensa investigacéo até a chegada ao ambulatorio de Dor Cronica, onde surgiu a suspeita de doenca genética e solicitou-se
a realizagdo de exame especifico. Apos o resultado, confirmou-se o polimorfismo 4G/5G do gene PAI-1, esclarecendo a
predisposicao a episddios tromboticos ao longo de suavida e a dorintensa na regiao de joelhos e quadril. O paciente seguiu
em tratamento com anticoagulantes pela equipe de hematologia e foi mantido em tratamento continuo do quadro algico
no Ambulatério de Dor Crénica do HUUFMA.

CONCLUSAO: A dor prolongada de dificil controle surge como uma manifestagdo do polimorfismo 4G/5G do gene PAI-1,
associada a predisposicao a eventos tromboticos, como a osteonecrose. Assim, essa associacao ressalta a relevancia de
fatores genéticos no manejo da dor crénica.

DESCRITORES: Dor cronica, Inibidor 1 de ativador de plasminogénio, Osteonecrose, Relato de caso, Trombose.

HIGHLIGHTS

+ The 4G/5G polymorphism of the PAI-1 gene may contribute to chronic pain through thrombotic and osteonecrosis events
« Genetic factors should be considered in refractory pain of undefined etiology
+ Management of osteonecrosis can be improved with PAI-1 assessment
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INTRODUCTION

Chronic pain affects more than 30% of the world’s population.
This condition can lead to development of comorbidities such as
anxiety and depression, and is therefore a therapeutic challenge'-.
Among the numerous underlying causes of this problem are
vascular and bone disorders, such as osteonecrosis, which may
be associated with predisposing genetic alterations®*.

Plasminogen activator inhibitor (PAI-1) is a glycoprotein of
the serpin family that acts by inhibiting enzymes of the fibrinolytic
system, mainly by neutralizing t-PA and preventing the conversion
of plasminogen to plasmin, thereby favoring the maintenance of
the clot®. Although it is normally present in low concentrations,
under certain conditions, such as PAI-1 gene polymorphism, its
levels rise, compromising fibrinolytic activity and increasing the
risk of thrombotic events, such as arteriopathy, venous thrombosis,
and osteonecrosis®’.

Osteonecrosis is a disabling bone disease that compromises
patient functionality due to intense pain and mainly affects weight-
bearing joints, such as the hip and knee®. The onset is usually
slow and progressive and may or may not be related to physical
exertion. During the advanced stages, the condition can suddenly
worsen due to severe ischemia and edema’".

The present study’s objective was to report a case of chronic
hip and knee pain secondary to osteonecrosis associated with the
4G/5G polymorphism of plasminogen activator inhibitor (PAI-1),in
order to highlight the importance of genetic diagnosis in managing
the condition. Based on this, it was possible to direct specific and
appropriate treatment to the patient’s condition, contributing to
the improvement of the clinical condition observed. Therefore, the
report highlights the relationship between fibrinolytic dysfunction
and persistent pain.

CASE REPORT

A 29-year-old male patient, resident of Sdo Luis, Maranhao,
was referred to the chronic pain clinic at the University Hospital
of the Federal University of Maranhdo (HUUFMA) complaining
of severe and chronic bone pain for over 10 years, with no defined
etiology. The problem was described as stabbing-like pain in the
knees and hips, with a feeling of “brittle bones”, which worsened
at night. He also reported frequent epistaxis since childhood, as
well as holocranial and temporal pulsating headache, associated
with nausea and emetic episodes, with loss of strength in the
upper and lower limbs. The pain condition was refractory to most
analgesics, making clinical management difficult. At the time, the
patient was taking dipyrone 2 g every 6 hours, amitriptyline 50 mg
(2 tablets at night), duloxetine 30 mg once a day, and pregabalin
150 mg every 12 hours.

The patient reported the history of five episodes of acute
myocardial infarction. He had undergone two surgeries for hip and
knee decompression (corticotomy and medullary evacuation), as
well as genicular nerve blocks, and had no significant improvement.

Attheage of 21, the patient presented sudden dyspnea, initially
investigated as possible septic embolism or lymphatic carcinomatosis,
as indicated by chest tomography. However, the final diagnosis
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was tuberculosis, despite multiple negative BAAR results, with a
positive PPD test (20 mm). The patient then underwent treatment
with a RIPE regimen for seven months, but during this period he
reported a significant worsening of bone pain. During the course
of treatment, he developed heart failure with reduced ejection
fraction (EF 42%) and mitral insufficiency. He was treated with
metoprolol, enalapril, carvedilol, spironolactone, and losartan,
with improvement in cardiac function over time.

In 2022, an MRI of the knees revealed areas of bone infarction
and osteonecrosis in the proximal metaphysis of the tibia and
distal metaphysis of the femur, without signs of collapse. At the
same time, an MRI of the pelvis showed areas of osteonecrosis
in the femoral heads, affecting the anterosuperior, superior, and
posterosuperior areas. A bone densitometry showed osteopenia
in the lumbar spine.

The patient was admitted to the HUUFMA for a left knee
biopsy and remained hospitalized for one month, during which
time he reported severe pain, even during the use of morphine.
The bone biopsy of the left tibia showed fragments of bone tissue
with areas of necrosis and blood clots. Next, a biopsy of the lesion
in the left femoral head was performed, and the histopathological
result was consistent with osteonecrosis, confirming the clinical
and radiological diagnosis.

During the follow-up, the patient showed symptoms of anxiety
and depression, suicidal ideation and sleep disturbances, which
were attributed to persistent pain. The lack of response to previous
surgical interventions, including two hip and knee decompression
surgeries, indicated the severity and complexity of the scenario,
in addition to the lack of a pathophysiological factor for diagnosis
and constant symptomatology.

The patient sought treatment at the Chronic Pain Outpatient
Clinic at the HUUFMA with the mentioned pain and medical
history. Given the history of thrombotic events and the progression
of osteonecrosis, testing for the 4G/5G polymorphism of the
PAI-1 gene was requested. At this consultation, pregabalin was
replaced by gabapentin 300 mg (two tablets every 8 hours),
tapentadol 100 mg was introduced every 12 hours, duloxetine
was increased to 60 mg/day, and the dose of amitriptyline was
maintained.

The genetic test results confirmed the presence of the 4G/5G
polymorphism in the PAI-1 gene. The patient was referred back
to the hematology service. Initially, rivaroxaban 20 mg was
prescribed; later, warfarin sodium 20 mg was introduced and
rivaroxaban was withdrawn. However, warfarin was suspended
due to a suspicion of a new episode of pulmonary embolism.
Anticoagulation with enoxaparin sodium 80 mg every 12 hours
was then initiated, which did indeed improve the patient’s clinical
condition, and has been maintained to date.

The patient continued to be monitored by the cardiology and
pulmonology teams, regularly using budesonide/formoterol 200 ug
and salbutamol as a rescue drugs. Finally, the patient continued
to be monitored at the Chronic Pain Clinic at HUUFMA, where
pharmacological treatment has provided satisfactory control to
date. The current treatment includes topiramate 50 mg, venlafaxine
75 mg, clonazepam 1 mg, mirtazapine 15 mg (half a tablet),
dipyrone 1 g every 6 hours, and rescue methadone in case of
more intense pain.
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DISCUSSION

There are several polymorphisms associated with the PAI-1
gene, which islocated on chromosome 7q21.3-q22. One of the main
of these polymorphisms is -675 (5G/4G), which is related to the
insertion or deletion of a guanosine. The 4G allele is responsible
for increased plasma PAI-1 activity, with higher levels in 4G/4G
individuals, intermediate levels in 4G/5G individuals, and lower
levels in 5G/5G individuals'’. In a study with 123 individuals
undergoing coronary angiography, the 4G/4G genotype was
more frequent in the group with severe atheromatosis compared
to the other samples, suggesting an association between this
polymorphism and a prothrombotic state'”.

Polymorphism of the PAI-1 gene, mainly the 4G/5G variant,
alters the production of plasminogen activator inhibitor,
which affects the coagulation system. This increases the risk of
thrombosis" due to reduced fibrinolysis, which compromises
blood flow'* and promotes osteonecrosis due to tissue hypoxia®**.
This correlation has also been described in pediatric populations
with a genetic predisposition to thrombophilia, suggesting a role
for PAI-1 in the pathophysiology of bone necrosis'®.

Osteonecrosis is a common cause of musculoskeletal disability
and pain". It is a multifactorial condition related to trauma,
corticosteroid treatment, alcoholism, or genetic disorders®.

The femoral head is the area most susceptible to the development
of this ischemic lesion'¥, which presents terminally due to bone
cell death, compromising the normal regenerative process along
bone microfractures. Osteonecrosis is a type of lesion that causes
necrosis of the hip joint cartilage and degeneration of the femoral
head and is a known consequence of the PAI-1" gene alteration.
It can also influence the risk of femoral head fracture (FHON),
especially in patients exposed to steroids®.

The patient in the present report has a history of severe and
persistent bone pain, as well as osteonecrosis and thromboembolic
events prior to the diagnosis of 4G/5G polymorphism of the PAI-1
gene. Studies show that the 4G variant of PAI-1 is associated
with an increased risk of acute thrombotic events, such as acute
myocardial infarction'®, venous thromboembolism (VTE), and
deep vein thrombosis (DVT).

A meta-analysis of 27 case-control studies showed that the
PAI-1 4G/5G polymorphism significantly increases the risk
of VTE, especially in high-risk and specific ethnic groups,
such as Asians’'. Another study of 544 patients with DVT
highlighted PAI-1 as the most common polymorphism among
the hypercoagulability tests performed, reinforcing its association
with thrombotic conditions™.

PAI-1 has an effect on bone remodeling and skeletal health.
In women with postmenopausal osteoporosis, abnormal
regulation of PAI-1 due to polymorphism may be associated
with a mechanism of bone loss or inadequate bone repair, which
increases the prevalence of osteoporotic fractures due to vertebral
deficiency”. This finding is relevant to the case in question, given
that the patient has osteopenia in the lumbar spine, which could
be associated with abnormal PAI-1 regulation influenced by the
4G/5G polymorphism.

There is an association between anxiety and depression and
the intensification of pain perception, contributing to a cycle in
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which physical suffering aggravates emotional discomfort and
vice versa*. In this case, the patient has anxiety and depressive
symptoms associated with chronic pain, reinforcing the direct
relationship between these conditions.

Although this report does not allow to establish a direct causal
association between the 4G/5G polymorphism of the PAI-1 gene
and chronic pain, clinical findings and the literature point to a
consistent association. The hypothesis that the fibrinolytic disorder
contributes to pain is plausible but requires confirmation by more
robust studies. Nevertheless, the case highlights the importance
of considering genetic factors in patients with refractory pain
and undefined etiology.

As for limitations, this is a single case report, which may restrict
the generalization of results. However, the study highlights the
clinical relevance of including genetic factors in the approach to
thrombotic conditions and bone diseases, such as osteonecrosis.

The main contribution of the present study is to illustrate
how specific genetic variants may be involved in complex clinical
conditions, such as chronic pain. Future studies with larger samples
and prospective designs are needed in order to investigate the
interaction between the PAI-1 gene, environmental factors, and
other genes, deepening the knowledge of the involved mechanisms
and therapeutic responses.

CONCLUSION

The results presented herein reinforce the importance of
genetic research in the management of chronic pain, given the
association between the 4G/5G polymorphism of the PAI-1 gene
and the predisposition to thrombotic conditions, which may
contribute to the development of circumstances that result in
persistent and disabling pain.
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