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Abstract

The aim of this study was to evaluate the impact of N6-carboxymethyllysine (CML) on NF-kB gene expression and tumor
necrosis factor (TNF) production in diabetic nephropathy. This was an observational study comprised of three groups: diabetic
nephropathy (n=30), type II diabetes mellitus (n=28), and healthy volunteers (n=30). Blood samples collected from the study
participants were cultured for 24 h in the presence of CML or an appropriate control. After incubation, the cultures were
centrifuged to separate the cells from the conditioned media. cDNA was prepared from the cell pellet and used to quantify NF-
kB gene expression by quantitative real-time polymerase chain reaction (PCR). The conditioned media were used to measure
TNF production by enzyme-linked immunosorbent assay (ELISA). The CML-induced fold change in NF-kB gene expression
was significantly different among the study groups (P=5.4� 10–5). Also, the CML-induced fold change in TNF levels was
significantly different among the three groups (P=4.3� 10–8). These results imply that patients with diabetic nephropathy and
type II diabetes mellitus showed an elevated response to CML.

Key words: Diabetic nephropathy; Receptor for advanced glycation end-product pathway; N6-carboxymethyllysine; Nuclear
factor-kappa B; Tumor necrosis factor

Introduction

Type II diabetes mellitus (T2DM) is a major public
health burden that affects almost 463 million people
worldwide (1). Elevated blood sugar levels can cause
damage to multiple organ systems, as it mainly affects
the vasculature. A major problem of T2DM is that it pro-
gresses into secondary complications, such as macrovas-
cular complications (cardio- and cerebrovascular disease)
and microvascular complications (retinopathy, nephropa-
thy, and peripheral neuropathy) (2), of which nephropathy
stands first in terms of the prevalence of microvascular
complications (3).

In a subset of patients, T2DM eventually leads to renal
damage, a condition referred to as diabetic nephropathy
(DN) (4). DN eventually progresses into end-stage renal
disease, which is a fatal condition that contributes to
the increased mortality of individuals with diabetes (5).
Therefore, there is an urgent need to uncover the
mechanism involved in the progression of T2DM into DN.

DN involves histological changes in the nephron, such
as basement membrane expansion, tubulointerstitial fibro-
sis, glomerulosclerosis, and podocytopathy (6). Inflamma-
tion plays an important role in the pathogenesis of DN.
Abnormal inflammation in DN is linked to advanced

glycation end-products (AGEs). These substances are
formed due to non-enzymatic glycation of proteins and
lipids followed by oxidation (7). AGE levels are elevated in
T2DM patients due to hyperglycemia (8–10). AGEs are
potent activators of inflammation through the receptor for
advanced glycation end-product (RAGE) signaling path-
way. The RAGE receptor is expressed in several types
of cells, such as endothelial cells, smooth muscle cells,
mononuclear phagocytes, neurons, and cardiac myocytes
(10). Activation of RAGE by AGE substances elicits a
signaling cascade that eventually leads to the activation
of a transcription factor called nuclear factor kappa B
(NF-kB) (11). NF-kB promotes the expression of various
proinflammatory cytokines that, when released into the
microenvironment, cause inflammation (12).

There is limited information on the functional status of
the RAGE signaling pathway in DN. The RAGE pathway
may produce excessive inflammatory signaling for two
reasons. First, the potent activator of the pathway,
specifically AGEs, is known to be elevated in DN (13).
Second, the RAGE pathway is abnormally hyper-respon-
sive to AGE substances. There is no evidence in this
direction. Therefore, we tested this hypothesis by
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evaluating the AGE-induced fold change in the key
mediators and effectors of the RAGE pathway.

N6-carboxymethyllysine (CML) was used as the AGE
representative since it is the predominant AGE formed in
T2DM patients. Elevated levels of CML were found in the
serum and organs (such as kidney) of diabetic patients
(14). Abnormally high levels of circulating CML and their
accumulation in tissues are thought to represent a critical
step in the pathogenesis of DN (15).

Material and Methods

Study design and participant selection
This was a comparative study comprised of three

groups. Group 1 included patients diagnosed with DN.
Group 2 consisted of patients diagnosed with T2DM, but
without nephropathy. Group 3 was comprised of healthy
volunteers. The study participants were recruited from
R.L. Jalappa Hospital and Research Centre, Kolar, India,
from January 2019 to April 2020. The study was approved
by the Institutional Ethics Committee of Sri Devaraj Urs
Medical College, Kolar, Karnataka, India. Written informed
consent was obtained before participant recruitment. The
inclusion criteria adopted when selecting the participants
for each group are given in Table 1. Staging of nephrop-
athy was carried out according to the method of Haneda et
al. (16).

Blood culture
Fresh blood samples (3 mL) were collected from the

study participants in a sterile EDTA vacutainer and
subsequently used for the cell culture experiment. Whole
blood, as opposed to peripheral blood mononuclear
cells (PBMCs), was used as it shows a robust cytokine
response (17). The cultures were set up by mixing 500 mL
of whole blood with 4.5 mL of RPMI-1640 medium

(supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin). The cultures were incubated at
37°C for 24 h in a 5% CO2 atmosphere. Two cultures
were set up for each sample. The first culture was treated
with CML (Cat #14580; Sigma Aldrich Co., USA) to a final
concentration of 10 mM (18). The second culture was
treated with phosphate buffered saline (vehicle control).
The experiments were conducted in duplicate.

Transcript preparation
At the end of the incubation period, the blood cultures

were centrifuged at 1500 g for 10 min at room tem-
perature, and the supernatant of the conditioned media
was stored at –80°C in aliquots. The cell pellet was used
to isolate total RNA via the Trizol method using a
commercial kit (Cat #15596018; Thermo Fisher Scientific,
USA). Total RNA (0.5 mg) was then used to prepare cDNA
using a commercial kit (Cat #1708891; iScriptt cDNA
synthesis kit; Bio-Rad Laboratories, USA). cDNA samples
were stored at –20°C until subsequent analysis.

Gene expression analysis
The comparative threshold cycle (Ct) method was

used to quantify the relative gene expression normalized
to the housekeeping gene, GAPDH. mRNA levels were
measured by quantitative real-time polymerase chain
reaction (PCR) using the SYBR green method (Cat
#1725271; SsoAdvanced Universal SYBR Green; Bio-
Rad Laboratories). The following primer pair was used for
GAPDH gene expression: 50-GATCATCAGCAATGCCT
CCT-30 and 30-GACTGTGGTCATGAGTCCTTC-50, for
the sequence, NM_001289745.3. The thermal cycling
program for GAPDH gene expression involved initial
denaturation at 95°C for 3 min, followed by 39 cycles at
95°C for 10 s, and 55°C for 30 s. NF-kB gene expression
for the sequence NM_001077494.3 was analyzed using

Table 1. Patient selection criteria.

Criteria Diabetic nephropathy Type II diabetes Healthy volunteers

Inclusion a) Stages 4 and 5*

b) Fasting plasma glucose

(FPG4126 mg/dL)

c) Glycated hemoglobin

(HbA1c46.5%)

a) Fasting plasma glucose

(4126 mg/dL)

b) Glycated hemoglobin (46.5%)

c) Creatinine (o1.2 mg/dL)

a) Age- and gender-matched individuals

b) Fasting plasma glucose

(o100 mg/dL)

d) Creatinine (41.2 mg/dL)

e) Estimated glomerular filtration rate

(eGFRo125 mL/min 180 L/day and

2 mL/s)

f) Blood urea nitrogen

(BUN424 mg/dL)

Exclusion a) Stages 1 to 3* a) Microvascular complications a) No history of chronic illness

b) Chronic co-morbidities

*Staging of nephropathy was carried out according to the method of Haneda et al. (16).
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the following primer pair: 50-TACCGACAGACAACCT
CACC-30 and 30-CAGCTTGTCTCGGGTTTCTG-50. The
thermal cycling program for NF-kB gene expression
consisted of initial denaturation at 95°C for 3 min, followed
by 39 cycles at 95°C for 10 s, and 62.4°C for 30 s. The fold
change in NF-kB gene expression was determined by
calculating 2–DDCT, where DCT = Ct (NF-kB) – Ct
(GAPDH) and DDCT = DCt (treated) – DCt (untreated).
The DCt values were used for the statistical comparisons
between treated and untreated samples within each
study group. The DDCT values were used for statistical
comparisons between study groups. The assay was
conducted in duplicate. A positive control reaction for
each gene (pooled and aliquoted cDNA) was included to
adjust for inter-run variability. The variability of the positive
control waso0.1 Ct within the plate ando0.3 Ct between
plates.

Estimation of TNF levels
Tumor necrosis factor (TNF) levels were measured in

the conditioned media by enzyme-linked immunosorbent
assay (ELISA) using a commercially available kit (Cat
#SEA133Hu; Cloud-Clone Corp., USA).

Statistical analysis
Statistical analysis was carried out using SPSS

Statistics V20 (IBM Corporation, USA). To verify whether
the data were normally distributed, the Shapiro-Wilk test
was performed with Q–Q and normality plots. Means and
standard deviations were determined if the data showed a
normal distribution; otherwise, the median and interquar-
tile range (IQR) were calculated. Parametric tests were
used to compare data showing a normal distribution and
non-parametric tests were used for data that did not follow
a normal distribution. A P-value less than 0.05 was
considered statistically significant.

Results

Clinical profile of the study participants
A total of 88 participants were included in the study,

30 of whom had DN, 28 had T2DM, and 30 were healthy

controls. The clinical and demographic profiles of the
study participants are summarized in Table 2.

Effect of CML on NF-jB gene expression
First, we compared the effect of CML treatment on NF-

kB gene expression in each study group. The DCt values
did not show a normal distribution. Therefore, the median
and IQR were calculated, and non-parametric tests were
used for comparison. We compared the relative expres-
sion (DDCt) of the NF-kB gene between the three study
groups. The DDCt values showed a normal distribution.
Therefore, the mean and standard deviation were
calculated, and parametric tests were used for compar-
ison. DDCt was significantly different among the three
groups (P=5.4� 10–5; one-way analysis of variance
[ANOVA]). The results are shown in Figure 1. Second,
CML treatment resulted in higher normalized expression
(DCt) of the NF-kB gene in DN (P=6.0� 10–5) and T2DM
(P=1.5� 10–5), but not in healthy volunteers (P=0.08)
(Wilcoxon signed-rank test). The results are shown in
Figure 2. The CML-induced fold change in NF-kB
expression was 2.8 (0.95CI: 2.5–3.62) in DN and 2.1
(0.95CI: 1.91–3.34) in T2DM.

These results indicate that CML treatment upregulated
the expression of the NF-kB gene in DN and T2DM, but
not in healthy volunteers.

Effect of CML on TNF production
The TNF levels in all the study groups followed a

normal distribution. Therefore, mean and standard devia-
tion were calculated, and parametric tests were used for
comparison.

Firstly, we compared the fold change in CML-induced
TNF production between the three study groups. A
significant difference was observed between the three
study groups (P=4.3� 10–8; one-way ANOVA). The
results are shown in Figure 3.

Secondly, we compared the effect of CML treatment
on TNF production in each study group. CML treatment
resulted in elevated TNF production in all three study
groups, with the highest increase observed in the DN
group. The average fold increase was 1.76±0.32

Table 2. Clinical and demographic profile of the study participants.

Parameters Diabetic nephropathy

(n=30)

Type II diabetes

(n=28)

Healthy volunteers

(n=30)

Age (years) 59.9±7.7 54.9±7.5 55.0±7.5

Gender (male/female, %) 44.4/55.5 45.4/54.5 46.9/53.1

Fasting plasma glucose (mg/dL) 150.2±23.3 152.1±19.9 77.0±8.3

HbA1C (%) 6.9±0.8 6.9±0.7 4.3±0.3

Serum creatinine (mg/dL) 3.7±0.2 0.9±0.3 0.62±0.2

eGFR (mL�min–1�(1.73 m3)–1) 15.5±6.3 97.2±4.6 77.9±9.2

Blood urea nitrogen (mg/dL) 49.5 ±16.4 18.46±1.65 16.01±1.44

Data are reported as means±SD, except for gender.
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(P=1.7� 10–6; paired t-test) in DN, 1.47±0.16 (P=1.0�
10–14; paired t-test) in T2DM, and 1.30±0.31 (P=2.7�
10–6; paired t-test) in the healthy volunteers. The results
are shown in Figure 4.

These results indicate that CML treatment enhanced
TNF production in DN and T2DM compared with healthy
volunteers.

Discussion

The purpose of this study was to compare the effect
of CML treatment on the expression of key mediators in
the RAGE pathway in the blood cells of patients with
nephropathy and those with T2DM.

This study was carried out using blood cells, as it is not
possible to perform renal biopsy for ethical reasons. Blood
cells were used as a surrogate because these cells also
express RAGE. In addition, the aim of this study was to
compare the relative responsiveness (fold change) of the
RAGE pathway to an inducer in the three groups. Tissue-
specific differences in RAGE expression in blood and

renal cells may affect total responsiveness, but these
differences are unlikely to affect the relative respon-
siveness between groups. The outcome measure for
this study was based on the products that result from
the activation of the RAGE-dependent inflammatory
pathway.

The main findings of this study are that CML treatment
resulted in: i) significant upregulation of the NF-kB gene
expression in DN and T2DM; and ii) significantly higher
levels of TNF production in DN and T2DM. These results
indicated that patients with DN and T2DM showed hyper-
responsiveness to CML.

Previous studies have shown that inflammatory
markers are elevated in DN. Higher levels of NF-kB
mRNA have been reported in the PBMCs, renal biopsy
results, and urine of patients with DN (19–21). Further-
more, an increase in the protein and mRNA levels of NF-
kB in PBMCs has been linked to increasing severity
stages of DN (22). Several studies have reported elevated
levels of serum TNF in DN patients and T2DM. In addition,
the relationship was further confirmed in a meta-analysis

Figure 2. Effect of N6-carboxymethyllysine (CML) on NF-kB gene expression in the study groups. Normalized gene expression in A,
diabetic nephropathy; B, type II diabetes; and C, healthy volunteers. Data are reported as median and interquartile range (Wilcoxon
signed-rank test).

Figure 1. Comparison of N6-carboxymethyllysine (CML)-induced
fold change in NF-kB gene expression between the study groups.
Data are reported as mean and standard deviation (ANOVA). DN:
diabetic nephropathy; T2DM: type II diabetes mellitus.

Figure 3. N6-carboxymethyllysine (CML)-induced tumor necrosis
factor (TNF) fold change among the study groups. Data are
reported as mean and standard deviation (ANOVA). DN: diabetic
nephropathy; T2DM: type II diabetes mellitus.
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(23). However, there is limited information on the
mechanisms underlying the elevated inflammatory mark-
ers in DN and T2DM.

The results of this study indicated that the elevation of
inflammatory markers in DN and T2DM may arise due to a
hyper-responsiveness to AGE. Genetic variations may be
responsible for this hyper-responsiveness. Single nucleo-
tide polymorphisms in the promoter region of the NF-kB
and TNF genes are reportedly associated with DN and
T2DM (24,25). Genetic variations in the key genes of the
RAGE signaling pathway might constitute a predisposing
factor that can lead to an abnormal inflammatory response
when triggered by AGE.

There are several limitations to this study. First, the
RAGE pathway carries out an elaborate process that
involves several mediators and effectors (KEGG path-
way). We have not quantified the level of RAGE or the
other cytokines involved in the pathway; for instance,

interleukin (IL)-1b, IL-6, IL-8, CD36, and MCP-1 were not
measured (26). Also, we did not examine the other
transcription factor in the pathway, AP-1. This may be
why increased TNF was observed in healthy volunteers,
despite the fact that the NF-kB gene expression remained
unaltered.

Overall, this study shows that patients with DN and
T2DM had an elevated inflammatory response as a result
of hyper-responsiveness to AGE. This implies that the
AGE–RAGE pathway could be explored as a potential
target for ameliorating the development of nephropathy in
T2DM patients. Compounds that inhibit the RAGE path-
way could reduce AGE-induced inflammation and renal
injury. Renal damage represents one of the major
concerns in diabetes management. This study provides
the conceptual framework for controlling the RAGE
pathway in order to prevent the development of renal
complications in diabetes patients.

References

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S,
Unwin N, et al. Global and regional diabetes prevalence
estimates for 2019 and projections for 2030 and 2045:
results from the International Diabetes Federation Diabetes
Atlas, 9th edition. Diabetes Res Clin Pract 2019; 157:
107843, doi: 10.1016/j.diabres.2019.107843.

2. Chawla A, Chawla R, Jaggi S. Microvascular and macro-
vascular complications in diabetes mellitus: distinct or
continuum? Indian J Endocrinol Metab 2016; 20: 546–551,
doi: 10.4103/2230-8210.183480.

3. Garofolo M, Gualdani E, Giannarelli R, Aragona M, Campi F,
Lucchesi D, et al. Microvascular complications burden
(nephropathy, retinopathy and peripheral polyneuro-
pathy) affects risk of major vascular events and all-cause
mortality in type 1 diabetes: a 10-year follow-up study.
Cardiovasc Diabetol 2019; 18: 159, doi: 10.1186/s12933-
019-0961-7.

4. Gheith O, Farouk N, Nampoory N, Halim MA, Al-Otaibi T.
Diabetic kidney disease: world wide difference of prevalence
and risk factors. J Nephropharmacol 2015; 5: 49–56.

5. Lim AK. Diabetic nephropathy - complications and treat-
ment. Int J Nephrol Renovasc Dis 2014; 7: 361–381, doi:
10.2147/IJNRD.S40172.

6. Vallon V, Komers R. Pathophysiology of the diabetic kidney.
Compr Physiol 2011; 1: 1175–1232, doi: 10.1002/cphy.

7. Shen CY, Lu CH, Wu CH, Li KJ, Kuo YM, Hsieh SC, et al.
The development of Maillard reaction, and advanced
glycation end product (AGE)-receptor for age (RAGE)
signaling inhibitors as novel therapeutic strategies for
patients with age-related diseases. Molecules 2020; 25:
5591, doi: 10.3390/molecules25235591.

8. Ruiz HH, Ramasamy R, Schmidt AM. Advanced glycation
end products: Building on the concept of the ‘‘Common Soil’’
in metabolic disease. Endocrinology 2020; 161: bqz006, doi:
10.1210/endocr/bqz006.

9. Tobon-Velasco JC, Cuevas E, Torres-Ramos MA. Receptor
for AGEs (RAGE) as mediator of NF-kB pathway activation
in neuroinflammation and oxidative stress. CNS Neurol
Disord Drug Targets 2014; 13: 1615–1626, doi: 10.21
74/1871527313666140806144831.

Figure 4. Effect of N6-carboxymethyllysine (CML) on TNF production in the study groups. TNF levels in the treated and untreated
conditioned media in A, diabetic nephropathy; B, type II diabetes; and C, healthy volunteers. Data are reported as mean and standard
deviation (paired t-test).

Braz J Med Biol Res | doi: 10.1590/1414-431X2022e11984

CML-induced inflammatory response in diabetic nephropathy 5/6

http://dx.doi.org/10.1016/j.diabres.2019.107843
http://dx.doi.org/10.4103/2230-8210.183480
http://dx.doi.org/10.1186/s12933-019-0961-7
http://dx.doi.org/10.1186/s12933-019-0961-7
http://dx.doi.org/10.2147/IJNRD.S40172
http://dx.doi.org/10.1002/cphy
http://dx.doi.org/10.3390/molecules25235591
http://dx.doi.org/10.1210/endocr/bqz006
http://dx.doi.org/10.2174/1871527313666140806144831
http://dx.doi.org/10.2174/1871527313666140806144831
https://doi.org/10.1590/1414-431X2022e11984


10. Xing LV, Gao Hong LV, Dai GY, Hong-Mei SUN, Hui-Qin XU.
Food advanced glycation end products aggravate the
diabetic vascular complications via modulating the AGEs/
RAGE pathway. Chin J Nat Med 2016; 14: 844–855, doi:
10.1016/S1875-5364(16)30101-7.

11. Lee EJ, Park JH. Receptor for advanced glycation end
products (RAGE), its ligands, and soluble RAGE: potential
biomarkers for diagnosis and therapeutic targets for human
renal diseases. Genomics Inform 2013; 11: 224–229, doi:
10.5808/GI.2013.11.4.224.

12. da Veiga GL, Raffo MGDN, Alves BCA, Bacci MR, Fonseca
FLA. NF-kB gene expression in peripheral blood and urine
in early diagnosis of diabetic nephropathy – a liquid biopsy
approach. URINE 2019; 1: 24–28, doi: 10.1016/j.urine.2020.
05.005.

13. Kumar PA, Chitra PS, Reddy GB. Advanced glycation end
products mediated cellular and molecular events in the
pathology of diabetic nephropathy. Biomol Concepts 2016;
7: 293–309, doi: 10.1515/bmc-2016-0021.

14. Luft VC, Duncan BB, Schmidt MI, Chambless LE, Pankow JS,
Hoogeveen RC, et al. Carboxymethyl lysine, an advanced
glycation end product, and incident diabetes: a case-cohort
analysis of the ARIC Study. Diabet Med 2016; 33: 1392–1398,
doi: 10.1111/dme.12963.

15. Rabbani N, Thornalley PJ. Advanced glycation end products
in the pathogenesis of chronic kidney disease. Kidney Int
2018; 93: 803–813, doi: 10.1016/j.kint.2017.11.034.

16. Haneda M, Utsunomiya K, Koya D, Babazono T, Moriya T,
Makino H, et al. A new classification of diabetic nephropathy
2014: a report from joint Committee on Diabetic Nephropathy.
J Diabetes Investig 2015; 6: 242–246, doi: 10.1111/jdi.12319.

17. Damsgaard CT, Lauritzen L, Calder PC, Kjaer TMR,
Frøkiaer H. Whole-blood culture is a valid low-cost method
to measure monocytic cytokines - a comparison of cytokine
production in cultures of human whole-blood, mononuclear
cells and monocytes. J Immunol Methods 2009; 340:
95–101, doi: 10.1016/j.jim.2008.10.005.

18. Ma WQ, Han XQ, Wang Y, Wang X, Zhu Y, Liu NF.
NE-carboxymethyl-lysine promotes calcium deposition in
VSMCs via intracellular oxidative stress-induced PDK4

activation and alters glucose metabolism. Oncotarget
2017; 8: 112841–112854, doi: 10.18632/oncotarget.22835.

19. Mezzano S, Aros C, Droguett A, Burgos ME, Ardiles L,
Flores C, et al. NF-kappaB activation and overexpression of
regulated genes in human diabetic nephropathy. Nephrol
Dial Transplant 2004; 19: 2505–2512, doi: 10.1093/ndt/
gfh207.

20. Yi B, Hu X, Zhang H, Huang J, Liu J, Hu J, et al. Nuclear NF-
kB p65 in peripheral blood mononuclear cells correlates with
urinary MCP-1, RANTES and the severity of type 2 diabetic
nephropathy. Plos One 2014; 9: e99633, doi: 10.1371/
journal.pone.0099633.

21. Chen YL, Qiao YC, Xu Y, Ling W, Pan YH, Huang YC, et al.
Serum TNF-a concentrations in type 2 diabetes mellitus
patients and diabetic nephropathy patients: A systematic
review and meta-analysis. Immunol Lett 2017; 186: 52–58,
doi: 10.1016/j.imlet.2017.04.003.

22. Gautam A, Gupta S, Mehndiratta M, Sharma M, Singh K,
Kalra OP, et al. Association of NFKB1 gene polymorphism
(rs28362491) with levels of inflammatory biomarkers and
susceptibility to diabetic nephropathy in Asian Indians.
World J Diabetes 2017; 8: 66–73, doi: 10.4239/wjd.v8.i2.66.

23. Behera S, Lamare AA, Rattan R, Patnaik B, Das S.
Association of NFkB1 gene polymorphism with inflammatory
markers in patients of type 2 diabetes mellitus with or
without renal involvement in eastern India. J Diabetes
Mellitus 2020; 10: 169–181, doi: 10.4236/jdm.2020.103014.

24. Wang S, Dong J, Huang L. Cytokine polymorphisms and
predisposition to diabetic nephropathy: a meta-analysis. Int
Arch Allergy Immunol 2021; 182: 158–165, doi: 10.1159/
000510250.

25. Umapathy D, Krishnamoorthy E, Mariappanadar V, Viswa-
nathan V, Ramkumar KM. Increased levels of circulating
(TNF-a) is associated with (-308G/A) promoter polymorph-
ism of TNF-a gene in Diabetic Nephropathy. Int J Biol
Macromol 2018; 107: 2113–2121, doi: 10.1016/j.ijbiomac.
2017.10.078.

26. Kierdorf K, Fritz G. RAGE regulation and signaling in
inflammation and beyond. J Leukoc Biol 2013; 94: 55, doi:
10.1189/jlb.1012519.

Braz J Med Biol Res | doi: 10.1590/1414-431X2022e11984

CML-induced inflammatory response in diabetic nephropathy 6/6

http://dx.doi.org/10.1016/S1875-5364(16)30101-7
http://dx.doi.org/10.5808/GI.2013.11.4.224
http://dx.doi.org/10.1016/j.urine.2020.05.005
http://dx.doi.org/10.1016/j.urine.2020.05.005
http://dx.doi.org/10.1515/bmc-2016-0021
http://dx.doi.org/10.1111/dme.12963
http://dx.doi.org/10.1016/j.kint.2017.11.034
http://dx.doi.org/10.1111/jdi.12319
http://dx.doi.org/10.1016/j.jim.2008.10.005
http://dx.doi.org/10.18632/oncotarget.22835
http://dx.doi.org/10.1093/ndt/gfh207
http://dx.doi.org/10.1093/ndt/gfh207
http://dx.doi.org/10.1371/journal.pone.0099633
http://dx.doi.org/10.1371/journal.pone.0099633
http://dx.doi.org/10.1016/j.imlet.2017.04.003
http://dx.doi.org/10.4239/wjd.v8.i2.66
http://dx.doi.org/10.4236/jdm.2020.103014
http://dx.doi.org/10.1159/000510250
http://dx.doi.org/10.1159/000510250
http://dx.doi.org/10.1016/j.ijbiomac.2017.10.078
http://dx.doi.org/10.1016/j.ijbiomac.2017.10.078
http://dx.doi.org/10.1189/jlb.1012519
https://doi.org/10.1590/1414-431X2022e11984

	title_link
	Introduction
	Material and Methods
	Study design and participant selection
	Blood culture
	Transcript preparation
	Gene expression analysis

	Table  Table 1. Patient selection criteria
	Estimation of TNF levels
	Statistical analysis

	Results
	Clinical profile of the study participants
	Effect of CML on NFhyphen&mackgr;B gene expression
	Effect of CML on TNF production

	Table  Table 2. Clinical and demographic profile of the study participants
	Discussion
	Figure 2.
	Figure 1.
	Figure 3.

	REFERENCES
	References
	Figure 4.


