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Association of Toll‑like receptors 
polymorphisms with the risk 
of acute lymphoblastic leukemia 
in the Brazilian Amazon
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Gláucia Lima Souza1,2, Daniele Sá Pereira1,2, Amanda Barros de Lima2,3, Diana Mota Toro3, 
Mirian Rodrigues Ribeiro Santiago1,2, Leny Nascimento da Motta Passos1,2, 
Andréa Monteiro Tarragô1,2,5, Adriana Malheiro1,2,3,5 & Allyson Guimarães Costa1,2,3,4,5,6,7*

Acute lymphoblastic leukemia (ALL) is the most common hematologic malignancy in children in 
childhood. Single-nucleotide polymorphism (SNPs) in key molecules of the immune system, such 
as Toll-like receptors (TLRs) and CD14 molecules, are associated with the development of several 
diseases. However, their role in ALL is unknown. A case–control study was performed with 152 ALL 
patients and 187 healthy individuals to investigate the role of SNPs in TLRs and the CD14 gene in ALL. 
In this study, TLR6 C > T rs5743810 [OR: 3.20, 95% CI: 1.11–9.17, p = 0.003) and TLR9 C > T rs187084 
(OR: 2.29, 95% CI: 1.23–4.26, p = 0.000) seems to be a risk for development of ALL. In addition, the 
TLR1 T > G rs5743618 and TLR6 C > T rs5743810 polymorphisms with protection against death (OR: 
0.17, 95% IC: 0.04–0.79, p = 0.008; OR: 0.48, 95% IC: 0.24–0.94, p = 0.031, respectively). Our results 
show that SNPs in TLRs genes may be involved in the pathogenesis of ALL and may influence clinical 
prognosis; however, further studies are necessary to elucidate the role of TLR1, TLR4, TLR5, TLR6, 
TLR9 and CD14 polymorphisms in this disease.

Leukemia (acute and chronic) represents the 10th most frequent cause of cancer worldwide1. In Brazil, for the 
triennium 2020–2022, approximately 10,810 new cases in women and men are expected and approximately 300 
new cases in North region of Brazil, where leukemia (acute and chronic) is the fifth most frequent cancer2,3. The 
most common type of leukemia in childhood is acute lymphoblastic leukemia (ALL) with a prevalence up to 
25% of cancers in children who are under the age of 15 years4.

The neoplastic process results from genetic errors that contribute to blocking cell maturation and accumula-
tion of leukemic clones (blasts) in the bone marrow microenvironment. Its etiology is still unknown; however, 
some risk factors are associated, including environmental, genetic and infectious factors5,6. Evidence from pre-
vious studies suggests that ALL is related to a deficit in immune system regulation in early childhood7–12. Fur-
thermore, it is suggested that polymorphisms or genetic variations in the genes of molecules that are important 
in the development and progression of diseases may be important factors in the increase of intrinsic biological 
differences, influencing clinically distinct results and conferring genetic susceptibility to cancer13,14.

Toll-like receptors make up the main family of pattern recognition receptors (PRRs) of the innate immune 
system, and are involved in fighting pathogens and inflammation, and recognizing pathogen-associated molecu-
lar patterns (PAMPs) and damage-associated molecular patterns (DAMPs), which thus modulates the immune 
response via the activation of cells that mediate the immune response. In addition, TLRs are vital molecules 
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in regulating the activation of adaptive immunity and are essential in preventing and curing cancer15–18. CD14 
normally acts as a receptor for lipopolysaccharide (LPS) and LPS-binding proteins, which are responsible for 
IL-1, IL-6, and TNF-α inflammatory cytokine production. Studies have reported that CD14 may be involved in 
development of cancers such as acute lymphoblastic leukemia19.

Single-nucleotide polymorphism (SNPs) in TLRs and CD14 genes have been identified in different types of 
tumors, both in solid tumors and hematologic malignancies13,20–23. However, the role of immunogenic genes 
that play a crucial role in ALL is still poorly understood. In this study, we demonstrated the role of TLR1, TLR4, 
TLR5, TLR6, TLR9, and CD14 co-receptor polymorphisms in patients diagnosed with ALL.

Results
General characteristics of the study population.  As shown in Table 1, the male gender was predomi-
nant in both groups with the median age 30 years for the control group and 12 years for case study group, 133 
(71%) and 95 (62%), respectively. Most of the ALL patients had B-ALL (84%) and lived in Manaus (87%). A total 
of 64 (42%) had infectious comorbidities on diagnosis, 121 (80%) relapsed after induction therapy and 70 (46%) 
died. These patients also showed a median hemoglobin concentration of 8.6 g/dL, hematocrit of 25.1 g/dL, WBC 
9.435/mm3 and platelets 58.000/mm3.

TLR6 C > T rs5743810 and TLR9 C > T rs5743836 polymorphisms predict risk of acute lympho‑
blastic leukemia.  In our analyses, only TLR5 R > S rs5744105 (OR: 1.39, 95% CI: 1.03–1.89, p = 0.000) and 
TLR6 C > T rs5743810 (OR: 0.57, 95% CI: 0.34–0.95, p = 0.033) in case group deviated from Hardy–Weinberg 
equilibrium. In Table 2, it can be observed that the TLR6 C > T rs5743810 polymorphism seems to be a risk 
for developing acute lymphoblastic leukemia [OR: 3.20, 95% CI: 1.11–9.17, p = 0.003 [Codominant model]), as 
well as TLR9 C > T rs187084 (OR: 2.29, 95% CI: 1.23–4.26, p = 0.000, ORadj: 2.07, 95% CIadj: 0.86–4.98, p = 0.008 

Table 1.   Epidemiological and clinical characteristics of the study population.

Variables

Control group ALL cases

(n = 187) (n = 152)

Age, years (median [IQR]) 30 [23–39] 12 [4–18] 

Gender

 Male, n (%) 133 (71%) 94 (62%)

 Female, n (%) 54 (29%) 58 (38%)

Ethnicity

 Non-hispanic white 39 (21%) 19 (12%)

 Multiracial 130 (69%) 130 (86%)

 Black 7 (4%) –

 Indigenous 9 (5%) –

 East Asian 2 (1%) 3 (2%)

Comorbidities –

 Yes, n (%) – 67 (44%)

  Infectious diseases, n (%) – 64 (42%)

  Others, n (%) – 3 (2%)

 No, n (%) – 85 (56%)

Immunophenotype

 B-ALL 127 (84%)

 T-ALL – 25 (16%)

Residence –

 Manaus 187 (100%) 87 (57%)

 Interior of Amazonas state – 53 (35%)

 Other state – 12 (8%)

Relapse –

 Yes, n (%) – 121 (80%)

 No, n (%) – 31 (20%)

Death –

 Yes, n (%) – 70 (46%)

 No, n (%) – 82 (54%)

Hemoglobin, g/dL (median [IQR]) – 8.6 [6.5–10.1]

Hematocrit, % (median [IQR]) – 25.1 [20.2–30.7]

Leukocyte, unit × 103/mm3 (median [IQR]) – 9435 [3.388–57.850]

Platelets, unit × 106/mm3 (median [IQR]) – 58,000 [0–152, 800]
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[Codominant model]) after Bonferroni correction. The other SNPs and allele associations can be found in Sup-
plementary Table 2. We performed a regression model by ancestrally but no difference was observed.

Association of TLR1 T > G rs5743618 and TLR6 C > T rs5743810 polymorphisms with death in 
acute lymphoblastic leukemia.  In Table 3, the TLR1 T > G rs5743618 polymorphism was associated with 
protection from death (OR: 0.48, 95% IC: 0.24–0.94), p = 0.031 [Overdominant model], 95% ICadj: 0.42, ORadj: 
0.21–0.87, p = 0.017 [Overdominant model]), as well as TLR6 C > T rs5743810 (OR: 0.17, 95% IC: 0.04–0.79, 
p = 0.008 [Recessive model], ORadj: 0.14, 95% ICadj: 0.03–0.69, p = 0.004 [Recessive model] after Bonferroni cor-
rection. No association was found for infectious comorbidities (Supplementary Table 4). The allelic frequencies 
from all SNPs are shown in Supplementary Table 5.

Discussion
Genetic variations in the genes of molecules that are important in the immune response that is involved with 
the progression of diseases may prove to be important factors in the amplification of intrinsic biological differ-
ences, thus influencing clinically distinct results and conferring genetic susceptibility to cancer13,14. Single-variant 
polymorphisms in Toll-like receptors generally altered the TLRs ability to recognize pathogens in two forms: 
first, by increasing the response against pathogens that contribute to persistent inflammation and cancer and, 
second, by decreasing their response that contributes to infection susceptibility, as we see in chronic lympho-
blastic leukemia (CLL)13,18,24–26.

The state of Amazonas, located in the Amazonian region of Brazil, is known for its tropical climate and a 
highly heterogeneous population that is exposed to several pathogens. In addition, it has different endemic areas 
for infectious diseases, which could contribute to the modulation of the immune response and consequently 

Table 2.   Analysis of the association TLR6 C > T rs5743810 and TLR9 C > T rs187084 with the risk of acute 
lymphoblastic leukemia. a OR: Odds Ratio; b95% confidence interval; cp value: < 0.05; dAIC: Akaike information 
criterion value; eAdj: Adjusted for sex and age.

Genetic
models

Control group
n = 187 (%)

ALL patients
n = 152 (%) ORa (95% Cl)b p valuec AICd

OR (95% CI)
adje

p value
adj AIC

TLR6 C > T rs5743810

 Codominant

  TT 121 (65%) 107 (70%)

  CT 61 (32%) 31 (21%) 0.58 (0.35–0.96) 0.003 459.2 0.61 (0.32–1.17) 0.056 284.8

  CC 5 (3%) 14 (9%) 3.20 (1.11–9.17) 3.35 (0.74–15.14)

 Dominant

  TT 121 (65%) 107 (70%) 0.78 (0.49–1.23) 0.284 467.6 0.77 (0.42–1.42) 0.408 287.9

  CT-CC 66 (35%) 45 (30%)

 Recessive

  TT-CT 182 (97%) 138 (91%)

  CC 5 (3%) 14 (9%) 3.72 (1.31–10.58) 0.008 461.8 3.90 (0.87–17.48) 0.060 285.0

 Overdominant

  TT-CC 126 (67%) 121 (80%) 0.53 (0.32–0.88) 0.012 462.5 0.56 (0.29–1.08) 0.080 285.5

  CT 61 (33%) 31 (20%)

  Log-additive
0,1,2 187 (55%) 152 (45%) 1.03 (0.72–1.48) 0.864 468.7 1.00 (0.61–1.64) 0.990 288.5

TLR9 C > T rs187084

 Codominant

  TT 61 (33%) 50 (33%)

  CT 102 (54%) 57 (37%) 0.68 (0.42–1.12) 0.000 455.5 0.58 (0.30–1.14) 0.008 281.1

  CC 24 (13%) 45 (30%) 2.29 (1.23–4.26) 2.07 (0.86–4.98)

 Dominant

  TT 61 (33%) 50 (33%) 0.99 (0.63–1.56) 0.957 470.3 0.82 (0.44–1.54) 0.544 288.3

  CT-CC 126 (67%) 102 (67%)

 Recessive

  TT-CT 163 (87%) 107 (70%)

  CC 24 (13%) 45 (30%) 2.86 (1.64–4.96) 0.000 455.8 2.85 (1.30–6.24) 0.007 281.6

 Overdominant

  TT-CC 85 (45%) 95 (62%) 0.001 460.5 0.008 281.8

  CT 102 (55%) 57 (38%) 0.50 (0.32–0.77) 0.45 (0.25–0.82)

  Log-additive
0,1,2 187 (55%) 152 (45%) 1.38 (1.02–1.87) 0.035 465.9 1.26 (0.82–1.91) 0.287 287.6
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the triggering of physiological, genetic, and hematological changes27. The biological profile of ALL is still little 
known, and has different patterns according to the geographic and ethnic regions of the world27–30.

It is important to note that the population in study is exclusively composed by mixed population. Variations in 
Brazilian population have been clearly described in literature with a high degree of admixture from Americans, 
African and/ or European ancestors31. Besides, the Amazon Region population has a high degree of inter-ethnic 
admixture due to the intense miscegenation process and the strong indigenous influence. In this study, it was 
found that the allelic frequency of TLR1 T > G rs5743618, CD14 C > T rs2569191, TLR4 A > G rs4986790, TLR4 
C > T rs4986791 was similar to the American population, TLR6 C > T rs5743810 and TLR9 C > T rs187084 to 
European population, TLR9 C > T rs5743836 to African population and TLR5 R > S rs5744105 to East Asian 
population32. Previous studies demonstrated that children with admixed ancestry have a high risk of developing 
ALL because of the Native American ancestry33, which is highly concentrated in the north of the country, within 
the Amazon region34 and might be one of the reasons to explain the number of cases in the region. However, 
more genetic studies in this population are required to confirm this hypothesis.

To our knowledge, this is the first report to investigate the possible association between polymorphisms in 
TLR and CD14 genes and the susceptibility to acute lymphoblastic leukemia in the Brazilian Amazon region. In 
our study, TLR6 C > T rs5743810 and TLR9 C > T r5743836 polymorphisms seem to be a risk for developing acute 
lymphoblastic leukemia. TLR-6 is a partner of TLR-2, which is responsible for PAMP recognition of invading 
pathogens and induces inflammation through myeloid differentiation primary response protein 88 (MyD88) 
and TRAF6 mediated activation of NF-κappa-B (NF-kB). In addition, in most studies, TLR6 C > T rs5743810 is 
associated with infectious diseases like tuberculosis in the African population and the induction of resistance to 

Table 3.   Analysis of the association of single nucleotide polymorphisms (SNPs) in study with the risk of death 
in acute lymphoblastic leukemia patients. a OR: Odds Ratio; b95% confidence interval; cp value: < 0.05; dAIC: 
Akaike information criterion value; eAdj: Adjusted for sex and age. Significant values are in italics.

Genetic
models

Death

No
n = 82 (%)

Yes
n = 70 (%) ORa (95% Cl)b p valuec AICd

OR (95% CI)
adje

p value
adj AIC

TLR1 T > G rs5743618

 Codominant

  TT 42 (51%) 44 (63%)

  TG 36 (44%) 19 (27%) 0.50 (0.25–1.01) 0.071 210.5 0.45 (0.21–0.93) 0.046 203.4

  GG 4 (5%) 7 (10%) 1.67 (0.46–6.12) 1.60 (0.42–6.11)

 Dominant

  TT 42 (51%) 44 (63%) 0.62 (0.32–1.19) 0.148 211.7 0.56 (0.28–1.11) 0.093 204.7

  TG-GG 40 (49%) 26 (37%)

 Recessive

  TT-TG 78 (95%) 63 (90%)

  GG 4 (5%) 7 (10%) 2.17 (0.61–7.73) 0.223 212.3 2.16 (0.58–8.00) 0.240 206.1

 Overdominant

  TT-GG 46 (56%) 51 (73%) 0.48 (0.24–0.94) 0.031 209,1 0.42 (0.21–0.87) 0.017 201.8

  TG 36 (44%) 19 (27%)

  Log-additive
0,1,2 82 (54%) 70 (46%) 0.85 (0.51–1.41) 0.523 213.4 0.80 (0.47–1.36) 0.407 206.8

TLR6 C > T rs5743810

 Codominant

  TT 55 (67%) 52 (74%)

  CT 15 (18%) 16 (23%) 1.13 (0.51–2.51) 0.028 208. 7 1.03 (0.44–2.41) 0.017 201.4

  CC 12 (15%) 2 (3%) 0.18 (0.04–0.83) 0.14 (0.03–0.70)

 Dominant

  TT 55 (67%) 52 (74%)

  CT-CC 27 (33%) 18 (26%) 0.71 (0.35–1.43) 0.330 212.8 0.61 (0.29–1.29) 0.195 205.8

 Recessive

  TT-CT 70 (85%) 68 (97%)

  CC 12 (15%) 2 (3%) 0.17 (0.04–0.79) 0.008 206.8 0.14 (0.03–0.69) 0.004 199.4

 Overdominant

  TT-CC 67 (82%) 54 (77%)

  CT 15 (18%) 16 (23%) 1.32 (0.60–2.92) 0.486 213.3 1.23 (0.53–2.83) 0.629 207.3

  Log-additive
0,1,2 82 (54%) 70 (46%) 0.62 (0.37–1.05) 0.068 210.5 0.56 (0.32–0.97) 0.032 203.0
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asthma in children35. In CLL, high TLR6 expression was observed in cells of the patients36, but it is still not clear 
what the role of this polymorphism is in leukemia.

TLR-9 is found in the endoplasmic reticulum membrane and functions via the MyD88-dependent pathway, 
which leads to NF-kB activation, cytokine secretion, and inflammatory response. A meta-analysis showed that 
TLR9 polymorphisms are associated with increased risk for cancer and some hematological neoplasms, such as 
non-Hodgkin’s lymphoma and acute myeloid leukemia (AML)37–39. In AML, the [C] allele of TLR9 C > T rs187084 
and [T] TLR9 C > T rs5743836 are associated with disease development, as is the TT genotype of the TLR9 
C > T rs5743836 polymorphism with relapse episodes40. Additionally, the TLR9 gene is significantly expressed 
in chronic lymphocytic leukemia cells36.

Since the exposure of hematopoietic stem cells (HSCs) to TLR ligands influences the cycling, differentiation, 
and their functions, chronic TLR stimulation occurs, which leads to the impairment of normal HSC repopulat-
ing activity. Furthermore, high TLR expression and signaling are associated with myelodysplastic syndromes 
(MDS), which are a group of hematological neoplasms with a high risk of transformation to acute leukemias13,41. 
Therefore, these studies suggested that TLRs seem to be involved in the chronic neoplastic process, but further 
studies are necessary to confirm this.

A study involving the Turkish population showed no association between TLR4 A > G rs4986790 and TLR4 
C > T rs4986791 and the risk for ALL42. Interestingly, In a cohort of AML patients, both these SNPs were inde-
pendent risk factors for the development of sepsis and pneumonia43. In our study, we did not observed associa-
tion between SNPs in TLRs with comorbidities infectious and, unfortunately, it was not possible to determine 
the association between the SNPs with cause of death because of lack information. Polymorphisms in TLR4 are 
responsible for decreased recognition of ligands (e.g., LPS). Since homozygotes and heterozygotes are hypore-
sponsive to LPS stimulation, this polymorphism may be associated with episodes of sepsis44. In addition, in 
B-chronic lymphoblastic leukemia (B-CLL), the reduced TLR4 expression was associated with increased risk 
of disease progression and a poor outcome, infectious episodes, and evolution to autoimmune diseases, which 
suggests an impaired innate immunity45. In the literature, this SNP is associated with the risk of cervical46, rectal 
and neck cancer47.

It is important to note that our study has some limitations: (i) the sample size is a factor that influences the 
non-significance of the variants under study, however, studies with a larger sample size are required to increase 
the statistical power; (ii) the cytokines quantification and gene expression would allow us to better understand 
the influence of these variants in acute lymphoblastic leukemia patients but we understand that their absence not 
necessary weak our conclusions; (iii) our control group was composed by blood donors (> 18 years). Although we 
have included this topic as a limitation of the study, we understand that when using children as a control group, 
results can be obtained that do not reflect reality, since they could develop the disease after the study occurs; (iv) 
we did not have access to cause of the death in patients during chemotherapy (disease progression, infection, 
toxicity and other reason); (v) our clinical data collection was retrospective, so it is possible, for example, that 
not all patients with infections were identified, since we considered as infected only those who had requests for 
the described pathogens. Another point is that this was not always requested or the diagnosis was not available. 
Moreover, the patient could have an infection with some untested pathogen. This leads us to think that the 
number of patients with infectious comorbidities may be higher.

Material and methods
Patients and controls.  A total of 152 pediatric ALL patients diagnosed according to the criteria of the 
World Health Organization (WHO)48, who received treatment at Fundação Hospitalar de Hematologia e 
Hemoterapia do Amazonas (HEMOAM), 0 to 18 years old, either gender and unrelated were included in the case 
study group. In the control group, 187 blood donor candidates of either gender and age 18 to 65 years old and 
who were considered healthy according to the Brazilian Ministry of Health technical standards were included49.

Genomic DNA extraction.  Genomic DNA was extracted from 4 mL of peripheral whole blood at diagno-
sis using the illustra triplePrep Genomicprep DNA Extraction kits® (GE Healthcare Life Sciences) and BIOPUR 
Mini Spin plus® extraction kit (Mobius Life Science) for the case group and the QIAmp DNA kit (QIAGEN, 
Chatsworth, CA, USA) for the control group, following standard laboratory protocols.

SNP selection and genotyping.  Eight SNPs [TLR1 I602S (rs5743618), TLR4 A299G (rs4986790), TLR4 
T399I (rs4986791), TLR5 R392StopCodon (rs5744105), TLR6 S249P (rs5743810), TLR9-1237C/T (rs5743836), 
TLR9-1486 C/T (rs187084) and CD14-159 (rs2569191)] were selected according to previously reported hema-
tological disease associations (Non-Hodgkin’s lymphoma and AML) and frequency in the Brazilian Amazon 
population37,50–52. Genotyping was performed using the polymerase chain reaction restriction fragment length 
polymorphism (PCR–RFLP) technique according to the protocol described by COSTA et al. (2017)52. The PCR 
reaction consisted of 2 μL of genomic DNA (20 ng) and 23 μL of amplification mixture containing 0.1 μL of 
Platinum Taq DNA Polymerase (2 UI), 2.5 μL of 10 × buffer (containing 100 mmol/L Tris–HCl [pH 8.3] and 
500 mmol/L KCL), 2 μL of MgCl2 (1.5 mmol/L), 1 μL of dNTPs (40 mmol/L), 0.25 μL for each forward and 
reverse primer (0.25 pmol/L) and 16.9 μL of ultrapure water. A total of 10 μL of PCR product was digested with 
5 U of the respective restriction endonuclease (New England Biolabs) and 10 × enzyme buffer according to the 
manufacturer’s instructions. Primers, PCR cycling conditions, and restriction endonucleases are described in 
Supplementary Table 1. PCR–RFLP generated fragments were separated using 3–4% agarose gel electropho-
resis stained with GelRed™ nucleic acid gel stain (Biotium, Hayward, CA, USA) and visualized on a UV light 
gel + DocXR system transilluminator (Bio-Rad Corporation, Hercules, CA, USA) with a photographic docu-
mentation system.
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Data collection.  The collection of clinical and demographic data was obtained at diagnosis via a search in 
physical records of the Medical and Statistical Care System (SAME) at the HEMOAM Foundation. In this study, 
we used the Updated Guidance on the Reporting of Race and Ethnicityin Medical and Science Journals53. Infec-
tious comorbidities were considered infections that serologically tested as IgG + and IgM + (cytomegalovirus, 
toxoplasmosis, rubella, varicella and parasitic diseases, among others) according to ALVES et al. (2021)54, and 
pancreatitis, hemorrhage, and sepsis were considered as “Others”. As the relapse criterion, patients who relapsed 
after induction therapy (35th day of treatment from Grupo Brasileiro de Tratamento das Leucemias Infantis 
[GBTLI] 2009 protocol)55 were included and, for death, patients who died within 5 years were included.

Descriptive and statistical analysis.  Comparison between groups was performed using Fisher’s exact 
test using GraphPad Prism v.5.0, with a significance level of 5%. Allele analysis was performed using the website 
https://​ihg.​helmh​oltz-​muenc​hen.​de/​ihg/​snps.​html. A logistic regression analysis that was adjusted for sex and 
age was performed to find associations between the genotype frequencies and ALL, infectious comorbidities, 
and death using the package “SNPassoc” version 1.9-2 (https://​cran.​rproj​ect.​org/​web/​packa​ges/​SNPas​soc/​index.​
html) for R software version 3.4.3 (www.r-​proje​ct.​org). The best genetic model was performed using the Akaike 
information criterion (AIC). Hardy–Weinberg equilibrium was evaluated for all SNPs. Bonferroni correction 
for multiple tests was also performed and the p-value adjusted was reported in bold italic characters. The results 
were shown as the odds ratio (OR) and 95% confidence intervals (95% CI) from multivariate logistic regression 
analyses.

Ethics approval and consent to participate.  All protocols and consent forms were approved by the 
Research Ethics Committee at the HEMOAM Foundation (CEP/HEMOAM process 3.335.123/2019). The 
informed consent form was obtained from all patients and parents/legal guardians for minors in study. This 
study was carried out following the guidelines of the Declaration of Helsinki and Resolution 466/12 of the Brazil-
ian National Health Council for research involving human beings.

Conclusion
To our knowledge, this is the first study to describe the frequency of SNPs in the TLR1, TLR4, TLR5, TLR6, TLR9 
and CD14 genes in patients with ALL in the Brazilian Amazon region. Our study demonstrated that TLR6 C > T 
rs5743810 and TLR9 C > T rs5743836 polymorphisms are associated with the risk of acute lymphoblastic leukemia 
and TLR1 T > G rs5743618 and TLR9 C > T rs5743810 is involved with death. Further studies are necessary to elu-
cidate the role of the TLR1, TLR4, TLR5, TLR6, TLR9, and CD14 polymorphisms in the pathogenesis of leukemia.

Data availability
All data generated or analysed during this study are included in this published article.

Received: 23 February 2022; Accepted: 24 August 2022

References
	 1.	 Ferlay, J. et al. Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int. J. 

Cancer 136, E359–E386 (2015).
	 2.	 Instituto Nacional do Câncer. Estimatida de câncer para o triênio 2020–2022. in Inca 122 (2020).
	 3.	 Alves, S. et al. Acute lymphoid and myeloid leukemia in a Brazilian Amazon population: Epidemiology and predictors of comor-

bidity and deaths. PLoS ONE 14, 1–16 (2019).
	 4.	 Bethesda. Childhood Acute Lymphoblastic Leukemia Treatment (PDQ(R)): Health Professional Version, in PDQ Cancer Information 

Summaries. (2020).
	 5.	 Zuckerman, T. & Rowe, J. Pathogenesis and prognostication in acute lymphoblastic leukemia. F1000Prime Rep. 6, 3–7 (2014).
	 6.	 Ladines-Castro, W. et al. Morphology of leukaemias. Rev. Méd. Hosp. Gen. Méx. 79, 107–113 (2016).
	 7.	 Greaves, M. F. Differentiation-linked leukemogenesis origins of phenotypic diversity in. Science 234, 697–704 (1986).
	 8.	 Greaves, M. F. Aetiology of acute leukaemia. Lancet 349, 344–349 (1997).
	 9.	 Greaves, M. The ‘delayed infection’ (aka ‘hygiene’) hypothesis for childhood leukaemia. In The Hygiene Hypothesis and Darwinian 

Medicine (ed. Rook, G. A. W.) 239–255 (Birkhäuser Basel, 2009). https://​doi.​org/​10.​1007/​978-3-​7643-​8903-1_​13.
	10.	 Greaves, M. A causal mechanism for childhood acute lymphoblastic leukaemia. Nat. Rev. Cancer 18, 471–484 (2018).
	11.	 Kinlen, L. Childhood leukaemia, nuclear sites, and population mixing. Br. J. Cancer 104, 12–18 (2011).
	12.	 Kinlen, L. J. Childhood leukemia and population mixing. Cancer Causes Control 27, 1499 (2016).
	13.	 Monlish, D. A., Bhatt, S. T. & Schuettpelz, L. G. The role of Toll-like receptors in hematopoietic malignancies. Front. Immunol. 7, 

390 (2016).
	14.	 Saborit-Villarroya, I. et al. E2A is a transcriptional regulator of CD38 expression in chronic lymphocytic leukemia. Leukemia 25, 

479–488 (2011).
	15.	 Porcelli, S. A. Effector mechanisms in autoimmunity and inflammation chapter 17 innate immunity. in Kelley and Firestein’s 

Textbook of Rheumatology, 2-Volume Set (Elsevier Inc., 2017). https://​doi.​org/​10.​1016/​B978-0-​323-​31696-5.​00017-6.
	16.	 Mcdonald, D. R. & Levy, O. 3—Innate immunity. in Clinical Immunology (Elsevier Ltd). https://​doi.​org/​10.​1016/​B978-0-​7020-​

6896-6.​00003-X.
	17.	 Ishii, K. J. & Akira, S. Cap 3–Innate immunity. in Clinical Immunology: Principles and Practice (Elsevier, 2008). https://​doi.​org/​10.​

1016/​B978-0-​323-​04404-2.​10003-X.
	18.	 Kaisho, T. & Akira, S. Toll-like receptor function and signaling. J. Allergy Clin. Immunol. 117, 979–987 (2006).
	19.	 Yu, X. et al. Genetic variations in CD14 promoter and acute lymphoblastic leukemia susceptibility in a Chinese population. DNA 

Cell Biol. 30, 777–782 (2011).
	20.	 Harsini, S., Beigy, M., Akhavan-Sabbagh, M. & Rezaei, N. Toll-like receptors in lymphoid malignancies: Double-edged sword. 

Crit. Rev. Oncol. Hematol. 89, 262–283 (2014).



7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15159  | https://doi.org/10.1038/s41598-022-19130-7

www.nature.com/scientificreports/

	21.	 Messaritakis, I. et al. Evaluation of the detection of Toll-like receptors (TLRs) in cancer development and progression in patients 
with colorectal cancer. PLoS ONE 13, 1–14 (2018).

	22.	 Zhao, S., Zhang, Y., Zhang, Q., Wang, F. & Zhang, D. Toll-like receptors and prostate cancer. Front. Immunol. 5, 1–6 (2014).
	23.	 Rahman, H. A. A., Khorshied, M. M., Khorshid, O. M. R. & Mahgoub, S. M. Toll-like receptor 2 and 9 genetic polymorphisms and 

the susceptibility to B cell non-Hodgkin lymphoma in Egypt. Ann. Hematol. 93, 1859–1865 (2014).
	24.	 Takeda, K. & Akira, S. Toll-like receptors in innate immunity. Int. Immunol. 17, 1–14 (2005).
	25.	 Wolska, A., Lech-Marańda, E. & Robak, T. Toll-like receptors and their role in carcinogenesis and anti-tumor treatment. Cell. Mol. 

Biol. Lett. 14, 248–272 (2009).
	26.	 Trejo-De La O, A., Hernández-Sancén, P. & Maldonado-Bernal, C. Relevance of single-nucleotide polymorphisms in human TLR 

genes to infectious and inflammatory diseases and cancer. Genes Immun. 15, 199–209 (2014).
	27.	 Azevedo-Silva, F., De Camargo, B. & Pombo-de-Oliveira, M. S. Implications of infectious diseases and the adrenal hypothesis for 

the etiology of childhood acute lymphoblastic leukemia. Braz. J. Med. Biol. Res. 43, 226–229 (2010).
	28.	 Reis, R. D. S. et al. Childhood leukemia incidence in Brazil according to different geographical regions. Pediatr. Blood Cancer 56, 

58–64 (2011).
	29.	 Chan, L. C. et al. Is the timing of exposure to infection a major determinant of acute lymphoblastic leukaemia in Hong Kong?. 

Paediatr. Perinat. Epidemiol. 16, 154–165 (2002).
	30.	 Pui, C.-H., Robison, L. L. & Look, A. T. Acute lymphoblastic leukaemia. Lancet 371, 1030–1043 (2008).
	31.	 Giolo, S. R. et al. Brazilian urban population genetic structure reveals a high degree of admixture. Eur. J. Hum. Genet. 20, 111–116 

(2012).
	32.	 1000 genomes. A deep catalog of human genetic variation. internationalgenome.org (2020).
	33.	 Carvalho, D. C. et al. Amerindian genetic ancestry and INDEL polymorphisms associated with susceptibility of childhood B-cell 

Leukemia in an admixed population from the Brazilian Amazon. Leuk. Res. 39, 1239–1245 (2015).
	34.	 de Nazaré Cohen-Paes, A. et al. Characterization of PCLO gene in Amazonian native American populations. Genes (Basel) 13, 

499 (2022).
	35.	 Mukherjee, S., Huda, S. & Sinha Babu, S. P. Toll-like receptor polymorphism in host immune response to infectious diseases. A 

review. Scand. J. Immunol. 90, 0–2 (2019).
	36.	 Morsi, M. G. et al. Quantitative expression of Toll-like receptors TLR-7 and TLR-9 on peripheral blood mononuclear cells in 

leukemias. J. Hematol. 5, 17–24 (2016).
	37.	 Carvalho, A. et al. The rs5743836 polymorphism in TLR9 confers a population- based increased risk of non-Hodgkin lymphoma. 

Genes Immun. 13, 1–9 (2012).
	38.	 Zhang, L. S., Qin, H. J., Guan, X., Zhang, K. & Liu, Z. R. The TLR9 gene polymorphisms and the risk of cancer: Evidence from a 

meta-analysis. PLoS ONE 8, e71785 (2013).
	39.	 Nieters, A., Beckmann, L., Deeg, E. & Becker, N. Gene polymorphisms in Toll-like receptors, interleukin-10, and interleukin-10 

receptor alpha and lymphoma risk. Genes Immun. 7, 615–624 (2006).
	40.	 Rybka, J. et al. Variations in genes involved in regulation of the nuclear factor—κ B pathway and the risk of acute myeloid leukaemia. 

Int. J. Immunogenet. 43, 101–106 (2016).
	41.	 Paracatu, L. C. & Schuettpelz, L. G. Contribution of aberrant toll like receptor signaling to the pathogenesis of myelodysplastic 

syndromes. Front. Immunol. 11, 1–10 (2020).
	42.	 Batar, B., Mutlu, T., Özdemİr, N., Celkan, T. & Güven, M. TLR4 ve NOD2 polimorfizmlerinin çocukluk çaği akut lenfoblastik 

lösemi ile ilişkisiq/association of the TLR4 and NOD2 polymorphisms with childhood. Bezmialem Sci. 6, 119–125 (2018).
	43.	 Schnetzke, U. et al. Polymorphisms of Toll-like receptors (TLR2 and TLR4) are associated with the risk of infectious complications 

in acute myeloid leukemia. Genes Immun. 16, 83–88 (2015).
	44.	 Schröder, N. W. J. & Schumann, R. R. Single nucleotide polymorphisms of Toll-like receptors and susceptibility to infectious 

disease. Lancet Infect. Dis. 5, 156–164 (2005).
	45.	 Barcellini, W. et al. Toll-like receptor 4 and 9 expression in B-chronic lymphocytic leukemia: Relationship with infections, autoim-

munity and disease progression. Leuk. Lymphoma 55, 1768–1773 (2014).
	46.	 Pandey, N. et al. Association of TLR4 and TLR9 gene polymorphisms and haplotypes with cervicitis susceptibility. PLoS One 14, 

1–11 (2019).
	47.	 Sheng, W. Y., Yong, Z., Yun, Z., Hong, H. & Hai, L. L. Systematic review/meta-analysis Toll-like receptor 4 gene polymorphisms 

and susceptibility to colorectal cancer: A meta-analysis and review. Arch. Med. Sci. 2015(11), 699–707 (2015).
	48.	 Arber, D. A. et al. The 2016 revision to the World Health Organization classification of myeloid neoplasms and acute leukemia. 

Blood 127, 2391–2406 (2016).
	49.	 da Saúde, M. Investigação da transmissão de doenças pelo sangue. Investigação da transmissao de doeças pelo sangue vol. 1 (2004).
	50.	 Aref, S., Abd Elmaksoud, A. S., Elaziz, S. A., Mabed, M. & Ayed, M. Clinical implication of Toll-like receptors (TLR2 and TLR4) 

in acute myeloid leukemia patients. Asian Pac. J. Cancer Prev. 21, 3177–3183 (2020).
	51.	 Paolo, S. & Marta, G. Toll-like receptors signaling: A complex network for NF-κB activation in B-cell lymphoid malignancies. 

Semin. Cancer Biol. https://​doi.​org/​10.​1016/j.​semca​ncer.​2016.​07.​001 (2016).
	52.	 Costa, A. G. et al. Association of TLR variants with susceptibility to Plasmodium vivax malaria and parasitemia in the Amazon 

region of Brazil. PLoS ONE 12, 1–14 (2017).
	53.	 Flanagin, A., Frey, T. & Christiansen, S. L. Updated guidance on the reporting of race and ethnicity in medical and science journals. 

JAMA J. Am. Med. Assoc. 326, 621–627 (2021).
	54.	 Alves, F. S. et al. Genetic polymorphisms of inflammasome genes associated with pediatric acute lymphoblastic leukemia and 

clinical prognosis in the Brazilian Amazon. Sci. Rep. 11, 1–10 (2021).
	55.	 Sociedade Brasileira de Oncologia Pediátrica. Protocolo brasileiro de tratamento da leucemia linfóide aguda na infância GBTLI 

LLA-2009. (2011).

Acknowledgements
We thank the study participants from the HEMOAM Foundation for their important support in this research. 
Furthermore, we would like to thank all the authors, researchers at LABGEN/HEMOAM and UFAM for their 
critical discussions and insightful and encouraging ideas.

Author contributions
L.A.X., F.S.A. and AGC contributed to the conception of the study, laboratory works, data collection and analysis, 
and writing of the manuscript. A.G.C. was involved in the conception of the study, data analysis, and revision 
of the manuscript. F.M.G., G.L.S., D.S.P., and A.B.L contributed to the study design, data acquisition and data 
analysis. D.M.T., M.R.R.S. and L.N.M.P were involved in collecting the samples and carrying out the protocol. 
A.M.T, A.M. and A.G.C contributed to the study concept and provided advice on genetic aspects. All authors 
have read and approved the final manuscript.



8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15159  | https://doi.org/10.1038/s41598-022-19130-7

www.nature.com/scientificreports/

Funding
This work was funded by Fundação de Amparo à Pesquisa do Estado do Amazonas (FAPEAM) (Pró-Estado 
Program [#002/2008, #007/2018 and #005/2019], and POSGRAD Program [#006/2020 and #008/2021]), Rede 
de Genômica de Vigilância em Saúde do Estado do Amazonas (REGESAM), Conselho Nacional de Desenvolvi-
mento Científico e Tecnológico (CNPq) and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES). LAX, GLS, DSP and ABL have fellowships from CAPES and FAPEAM (Masters and SI students). 
FSAH, FMG and DMT have fellowships from CNPq and CAPES (PhD students). AM is a level 2 research fel-
low from CNPq. The funders had no role in study design, data collection and analysis, decision to publish, or 
preparation of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​19130-7.

Correspondence and requests for materials should be addressed to A.G.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022


