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Abstract

© 2018 Budak et al. This is an open access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited. Brucellosis is a serious
infectious disease that continues to be a significant cause of morbidity worldwide and across all
ages. Despite early diagnosis and treatment, 10±30% of patients develop chronic brucellosis.
Although there have been recent advances in our knowledge of Brucella virulence factors and
hosts'  immune response to the infection,  there is  a  lack of  clear  data regarding how the
infection bypasses the immune system and becomes chronic. The present study investigated
immunological factors and their roles in the transition of brucellosis from an acute to a chronic
infection in CD4+ T cells. CD4+ T cells sorted from peripheral blood samples of patients with
acute or chronic brucellosis and healthy controls using flow cytometry as well as more than
2000 miRNAs were screened using the GeneSpring GX (Agilent) 13.0 miRNA microarray software
and were validated using reverse transcription polymerase chain reaction (RT-qPCR). Compared
to acute cases, the expression levels of 28 miRNAs were significantly altered in chronic cases.
Apart from one miRNA (miR-4649-3p), 27 miRNAs were not expressed in the acute cases (p
<0.05, fold change> 2). According to KEGG pathway analysis, these miRNAs are involved in the
regulation  of  target  genes  that  were  previously  involved in  the  MAPK signalling  pathway,
regulation of the actin cytoskeleton, endocytosis, and protein processing in the endoplasmic
reticulum. This indicates the potential  role of these miRNAs in the development of chronic
brucellosis. We suggest that these miRNAs can be used as markers to determine the transition
of the disease into chronicity. This is the first study of miRNA expression that analyses human
CD4+ T cells to clarify the mechanism of chronicity in brucellosis.

http://dx.doi.org/10.1371/journal.pone.0198659

References

[1] Ferooz J, Letesson JJ. Morphological analysis of the sheathed flagellum of Brucella melitensis. BMC Research
Notes. 2010; 3(1): 333.

[2] Norman FF, Monge-Maillo B, Chamorro-Tojeiro S, Perez-Molina J, Lopez-Velez R. Imported brucellosis: a case
series  and  literature  review,  travel  medicine  and  infectious  disease.  2016;  14(3):  182-199.
https://doi.org/10.1016/j.tmaid.2016.05.005  PMID:  27185403

[3] Yuce A, Alp-Cavus S. Brucellosis in Turkey, A review. Klimik Dergisi. 2006; 19: 87-97.
[4] de Figueiredo P, Ficht TA, Rice-Ficht A, Rossetti CA, Adams LG. Pathogenesis and immunobiology of brucellosis

r e v i e w  o f  B r u c e l l a - h o s t  i n t e r a c t i o n s .  A m  J  P a t h .  2 0 1 5 ;  1 8 5 :  1 5 0 5 - 1 5 1 7 .
https: / /doi .org/10.1016/ j .a jpath.2015.03.003  PMID:  25892682

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

https://core.ac.uk/display/197479126?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1371/journal.pone.0198659


[5] Turan H, Serefhanoglu K, Karadeli E, Togan T, Arslan H. Osteoarticular involvement among 202 brucellosis
cases identified in Central Anatolia region of Turkey. Intern. Med. 2011; 50: 421-428. PMID: 21372451

[6] Franco MP, Mulder M, Gilman RH, Smits HL. Human brucellosis.  Lancet Infect Dis.  2007; 7(12): 775-786.
https://doi.org/10.1016/S1473-3099(07)70286-4 PMID: 18045560

[7] Galinska EM, Zagorski J. Brucellosis in humans-etiology, diagnostics, clinical forms. Ann Agric Environ Med.
2013; 20(2): 233-238. PMID: 23772567

[8] Ulu-KõlõcA, Metan G, Alp E. Clinical presentations and diagnosis of brucellosis. Recent Patents on Anti-Infective
Drug Discovery. 2013; 8(1): 34-41. PMID: 22873352

[9] Ariza J, Pellicer T, Pallares R, Foz A, Gudiol F. Specific antibody profile in human brucellosis. Clin Infect Dis.
1992; 14: 131-140. PMID: 1571417

[10] Araj GF. Update on laboratory diagnosis of human brucellosis. Int J Antimicrob Agents. 2010; 36(1): 12-17.
[11] Budak F, Bal SH, Tezcan G, Akalõn H, Goral G, Oral HB. Altered expressions of miR-1238-3p, miR-494, miR-

6069,  and  miR-139-3p  in  the  formation  of  chronic  brucellosis.  J.  of  Immunol.  Research.  2016.
http://dx.doi.org/10.1155/2016/4591468.

[12] Budak F, Bal SH, Tezcan G, Guvenc F, Akalõn H, Goral G, et al. MicroRNA expression patterns of CD8 + T cells
i n  a c u t e  a n d  c h r o n i c  b r u c e l l o s i s .  P L o S  O n e .  2 0 1 6 ;  1 1 ( 1 1 ) :  e 0 1 6 5 1 3 8 .
https: / /doi .org/10.1371/ journal .pone.0165138  PMID:  27824867

[13] Luckheeram  RV,  Zhou  R,  Verma  AD,  Xia  B.  CD4+T  cells:  differentiation  and  functions.  Clinical  and
Developmental Immunology. 2012; 2012: 925135. https://doi.org/10.1155/2012/925135 PMID: 22474485

[14] Harrington LE, Hatton RD, Mangan PR, Turner H, Murphy TL,  Weaver CT. Interleukin 17-producing CD4+
effector T cells develop via a lineage distinct from the T helper type 1 and 2 lineages. Nat Immunol. 2005; 6:
1123-1132. https://doi.org/10.1038/ni1254 PMID: 16200070

[15] Hori S, Takahashi T, Sakaguchi S. Control of autoimmunity by naturally arising regulatory CD4+ T cells. Adv
Immunol. 2003; 81: 331-371. PMID: 14711059

[16] Martirosyan  A,  Bargen  KV,  Gorvel  VA,  Zhao  W,  Hanniffy  S,  Bonnardel  J.  In  vivo  identification  and
characterization of CD4+ cytotoxic T cells induced by virulent Brucella abortus infection. PLoS One. 2013; 8
(12): e82508. https://doi.org/10.1371/journal.pone.0082508 PMID: 24367519

[17] Baldwin CL, Goenka R. Host immune responses to the intracellular bacteria Brucella: does the bacteria instruct
the host to facilitate chronic infection? Crit Rev Immunol. 2006; 26: 407-442. PMID: 17341186

[18] A m b r o s  V .  T h e  f u n c t i o n s  o f  a n i m a l  m i c r o R N A s .  N a t u r e .  2 0 0 4 ;  4 3 1 :  3 5 0 - 3 5 5 .
https: / /doi .org/10.1038/nature02871  PMID:  15372042

[19] Bartel  DP.  MicroRNAs:  genomics,  biogenesis,  mechanism,  and function.  Cell.  2004;  116:  281-297.  PMID:
14744438

[20] Brennecke J,  Hipfner  DR,  Stark  A,  Russell  RB,  Cohen SM.  Bantam encodes a  developmentally  regulated
microRNA that controls cell proliferation and regulates the proapoptotic gene hid in Drosophila. Cell. 2003;
113: 25-36. PMID: 12679032

[21] Cheng AM, Byrom MW, Shelton J,  Ford LP.  Antisense inhibition of  human miRNAs and indications for an
involvement  of  miRNA  in  cell  growth  and  apoptosis.  Nucleic  Acids  Res.  2005;  33:  1290-1297.
https://doi.org/10.1093/nar/gki200 PMID: 15741182

[22] Krichevsky AM, King KS, Donahue CP, Khrapko K, Kosik KS. A microRNA array reveals extensive regulation of
microRNAs during brain development. RNA. 2003; 9: 1274-1281. https://doi.org/10.1261/rna. 5980303 PMID:
13130141

[23] Wienholds  E,  Kloosterman WP,  Miska  E,  Alvarez-Saavedra  E,  Berezikov  E,  de  Bruijn  E,  et  al.  Micro-RNA
express ion  i n  zeb ra f i sh  embryon i c  deve lopment .  Sc ience .  2005 ;  309 :  310 -311 .
https: / /doi .org/10.1126/sc ience.1114519  PMID:  15919954

[24] J a n s s o n  M D ,  L u n d  A H .  M i c r o R N A  a n d  c a n c e r .  M o l  O n c o l .  2 0 1 2 ;  6 :  5 9 0 - 6 1 0 .
https: / /doi .org/10.1016/ j .molonc.2012.09.006  PMID:  23102669

[25] Wahlquist C, Jeong D, Rojas-Munoz A, Kho C, Lee A, Mitsuyama S. Inhibition of miR-25 improves cardiac
contractility  in  the  failing  heart.  Nature.  2014;  508:  531-535.  https://doi.org/10.1038/nature13073  PMID:
24670661

[26] Skalsky RL, Cullen BR, Viruses, microRNAs, and host interactions. Ann Rev Microbiol. 2010; 64: 123-141.
[27] Kanehisa M, Goto S. KEGG: Kyoto encyclopedia of genes and genomes. Nucleic Acids Res. 2000; 28 (1): 27-30.

PMID: 10592173
[28] Wang J, Duncan D, Shi Z, Zhang B. Web-based Gene Set Analysis Toolkit (WebGestalt): update 2013. Nucleic

Acids Res. 2013;Web server issue: W77-83. https://doi.org/10.1093/nar/gkt439 PMID: 23703215
[29] Young EJ. Brucella species, In: Mandell GL, Bennett JE, Dolin R, editors. Princible and practice of infectious

diseases, 7th ed. Philadelphia: Churchill Livingstone Elsevier; 2010. pp. 2921-2925.
[30] Doganay AM, Aygen B. Human brucellosis: an overview. Int J Infect Dis. 2003; 7: 173-182.



[31] Waqas A, Zheng K, Liu ZF. Establishment of chronic infection: Brucella's stealth strategy. Frontiers in Cellular
and Infection Microbiology. 2016; 6(30).

[32] Cassataro J, Estein SM, Pasquevich KA, Velikovsky CA, de la Barrera R, Bowden R, et al. Vaccination with the
recombinant Brucella outer membrane protein 31 or a derived 27-amino-acid synthetic peptide elicits a CD4+
T helper 1 response that protects against Brucella melitensis infection. Infect. Immun. 2005; 73(12): 8079-
8088. https://doi.org/10.1128/IAI.73.12.8079-8088.2005 PMID: 16299302

[33] Oliveira SC, Harms JS, Banai M, Splitter GA. Recombinant Brucella abortus proteins that induce proliferation
and  gamma-interferon  secretion  by  CD4+  T  cells  from  Brucella-vaccinated  mice  and  delayedtype
hypersens i t i v i t y  i n  sens i t i zed  gu inea  p igs .  Ce l l .  Immuno l .  1996 ;  172 :  262 -268 .
https: / /doi .org/10.1006/c imm.1996.0241  PMID:  8964089

[34] Vitry MA, De Trez C, Goriely S, Dumoutier L, Akira S, Ryffel B, et al. Crucial role of gamma interferonproducing
CD4+ Th1 cells but dispensable function of CD8+ T Cell, B Cell, Th2, and Th17 responses in the control of
Brucel la  mel i tens is  in fect ion  in  mice.  In fect  Immun.  2012  Dec;  80(12) :  4271-4280.
https: / /doi .org/10.1128/ IAI .00761-12  PMID:  23006848

[35] Zheng K, Chen DS, Wu YQ, Xu XJ, Zhang H, Chen HC, et al. MicroRNA expression profile in RAW264.7 cells in
response to Brucella melitensis infection. Int J of Bio Sci. 2012; 8: 1013-1022.

[36] Liu N, Wang L, Sun C. microRNA-125b-5p suppresses Brucella abortus intracellular survival via control of A20
expression. BMC Microbiol. 2016; 16: 171-180. https://doi.org/10.1186/s12866-016-0788-2 PMID: 27473222

[37] Rong H, Jiao H, Hao Y, Pang F, Li G, Peng D, et al. CD14 gene silencing alters the microRNA expression profile
of  RAW264.7 cells  stimulated by Brucella  melitensis  infection.  Innate Immun. 2017 Jul;  23 (5):  424-431.
https://doi.org/10.1177/1753425917707025 PMID: 28443393

[38] Takahashi K, Tatsumi N, Fukami T, Yokoi T, Nakajima M. Integrated analysis of rifampicin-induced microRNA
and gene expression changes in human hepatocytes. Drug Metab Pharmokinet. 2014; 29 (4): 333-340.

[39] Li J, Wang Y, Wang L, Liang H, Feng W, Meng X. Integrative network analysis of rifampin-regulated miRNAs and
their functions in human hepatocytes. Bio-Medical Materials and Engineering. 2015; 26 (1): S1985-S1991.

[40] Wu G, Liu A, Zhu J, Lei F, Wu S, Zhang X, et al. MiR-1207 overexpression promotes cancer stem celllike traits in
ovarian  cancer  by  activating  the  Wnt/ß-catenin  signaling  pathway.  Oncotarget.  2015;  6(30):  28882-94.
https://doi.org/10.18632/oncotarget.4921 PMID: 26337084

[41] Stegeman S, Amankwah E, Klein K, O'Mara TA, Kim D, Lin HY, et al. A large-scale analysis of genetic variants
within  putative  miRNA  binding  sites  in  prostate  cancer.  Cancer  Discov.  2015;  5(4):  368-79.
https://doi.org/10.1158/2159-8290.CD-14-1057  PMID:  25691096

[42] Chen J, Yao D, Li Y, Chen H, He C, Ding N, et al. Serum microRNA expression levels can predict lymph node
metastasis in patients with early-stage cervical squamous cell carcinoma. Int J Mol Med. 2013; 32 (3): 557-67.
https://doi.org/10.3892/ijmm.2013.1424 PMID: 23799609

[43] Wang B, Li J, Sun M, Sun L, Zhang X. miRNA expression in breast cancer varies with lymph node metastasis and
other  clinicopathologic  features.  IUBMB  Life.  2014;  66(5):  371-7.  https://doi.org/10.1002/iub.1273  PMID:
24846313

[44] Sand M, Skrygan M, Sand D, Georgas D, Hahn SA, Gambichler T, et al. Expression of microRNAs in basal cell
carcinoma.  Br  J  Dermatol.  2012;  167(4):  847-55.  https://doi.org/10.1111/j.1365-2133.2012.  11022.x  PMID:
22540308

[45] Mutlu S, Mutlu H, Kirkbes S, Eroglu S, Kabukcuoglu YS, Kabukcuoglu F. The expression of miR-181a-5p and
miR-371b-5p in chondrosarcoma. Eur Rev Med Pharmacol Sci. 2015; 19(13): 2384-8. PMID: 26214773

[46] Zhou R, Zhou X, Yin Z, Guo J, Hu T, Jiang S. MicroRNA-574-5p promotes metastasis of non-small cell lung
cancer by targeting PTPRU. Sci Rep. 2016; 20(6): 35714.

[47] Cui Z, Tang J, Chen J, Wang Z. Hsa-miR-574-5p negatively regulates MACC-1 expression to suppress colorectal
cancer liver metastasis. Cancer Cell Int. 2014; 7(14): 47.

[48] Zheng H, Zhang F, Lin X, Huang C, Zhang Y, Li Y. MicroRNA-1225-5p inhibits proliferation and metastasis of
gastric  carcinoma  through  repressing  insulin  receptor  substrate-1  and  activation  of  ß-catenin  signaling,
Oncotarget. 2016; 7(4): 4647-63. https://doi.org/10.18632/oncotarget.6615 PMID: 26684358

[49] Sripada L, Singh K, Lipatova AV, Singh A, Prajapati P, Tomar D, et al. hsa-miR-4485 regulates mitochondrial
functions and inhibits the tumorigenicity of breast cancer cells. J Mol Med (Berl). 2017; 95(6): 641-651.

[50] Wu AH, Huang YL, Zhang LZ, Tian G, Liao QZ, Chen SL. MiR-572 prompted cell proliferation of human ovarian
cancer  cells  by  suppressing  PPP2R2C  expression.  Biomed  Pharmacother.  2016;  77:  92-7.
https://doi.org/10.1016/j.biopha.2015.12.005  PMID:  26796271

[51] Miao  X,  Jia  L,  Zhou  H,  Song  X,  Zhou  M,  Xu  J,  et  al.  miR-4299  mediates  the  invasive  properties  and
tumorigenicity of human follicular thyroid carcinoma by targeting ST6GALNAC4. UBMB Life. 2016; 68 (2): 136-
44.

[52] Xie Z, Yin X, Gong B, Nie W, Wu B, Zhang X, et al. Salivary microRNAs show potential as a noninvasive
biomarker for detecting resectable pancreatic cancer. Cancer Prev Res (Phila). 2015 Feb; 8(2): 165-73.



[53] Wang Y, Wang K, Dang N, Wang L, Zhang M. Downregulation of miR-3940-5p promotes T-cell activity by
targeting the cytokine receptor IL-2R gamma on human cutaneous T-cell lines. Immunobiology. 2016 Dec;
221(12): 1378-1381. https://doi.org/10.1016/j.imbio.2016.07.008 PMID: 27502164

[54] Cheng J, Chen Y, Zhao P, Li N, Lu J, Li J, et al. Dysregulation of miR-638 in hepatocellular carcinoma and its
clinical  significance.  Oncol  Lett.  2017 May;  13(5):  3859-3865.  https://doi.org/10.3892/ol.2017.  5882 PMID:
28529597

[55] Zhao LY, Yao Y, Han J, Yang J, Wang XF, Tong DD, et al. miR-638 suppresses cell proliferation in gastric cancer
by  targeting  Sp2.  Dig  Dis  Sci.  2014;  59(8):  1743-53.  https://doi.org/10.1007/s10620-014-3087-5  PMID:
24623314

[56] Quan Y, Song Q, Wang J, Zhao L, Lv J, Gong S. MiR-1202 functions as a tumor suppressor in glioma cells by
targeting Rab1A. Tumour Biol. 2017; 39(4): 1010428317697565.

[57] Yan S, Han B, Gao S, Wang X, Wang Z, Wang F,  et al.  Exosome-encapsulated microRNAs as circulating
b i o m a r k e r s  f o r  c o l o r e c t a l  c a n c e r .  O n c o t a r g e t .  2 0 1 7 ;  8 ( 3 6 ) :  6 0 1 4 9 - 6 0 1 5 8 .
https: / /doi .org/10.18632/oncotarget .18557  PMID:  28947960

[58] El-Awady RA, Hersi F, Al-Tunaiji H, Saleh EM, Abdel-Wahab AH, Al Homssi A, et al. Epigenetics and miRNA as
predictive  markers  and  targets  for  lung  cancer  chemotherapy.  Cancer  Biol  Ther.  2015;  16(7):  1056-70.
https://doi.org/10.1080/15384047.2015.1046023 PMID: 25962089

[59] Boo L, Ho WY, Ali NM, Yeap SK, Ky H, Chan KG, et al. MiRNA transcriptome profiling of spheroidenriched cells
with  cancer  stem cell  properties  in  human breast  MCF-7  cell  line.  Int  J  Biol  Sci.  2016;  12 (4):  427-45.
https://doi.org/10.7150/ijbs.12777 PMID: 27019627

[60] Fawzy IO, Hamza MT, Hosny KA, Esmat G, El Tayebi HM, Abdelaziz AI. miR-1275: a single microRNA that targets
the three IGF2-mRNA-binding proteins hindering tumor growth in hepatocellular carcinoma. FEBS Lett. 2015;
589(17): 2257-65. https://doi.org/10.1016/j.febslet.2015.06.038 PMID: 26160756

[61] Li H, Zhou X, Zhu J, Cheng W, Zhu W, Shu Y, et al. MiR-4728-3p could act as a marker of HER2 status. Cancer
Biomark. 2015; 15(6): 807-14. https://doi.org/10.3233/CBM-150524 PMID: 26406406

[62] Borrelli N, Denaro M, Ugolini C, Poma AM, Miccoli M, Vitti P, et al. miRNA expression profiling of 'noninvasive
follicular  thyroid neoplasms with papillary-like nuclear features'  compared with adenomas and infiltrative
fo l l icu lar  var iants  of  papi l lary  thyroid  carc inomas.  Mod  Pathol .  2017;  30(1) :  39-51.
https: / /doi .org/10.1038/modpathol .2016.157  PMID:  27586203

[63] Afanasyeva EA, Mestdagh P, Kumps C, Vandesompele J, Ehemann V, Theissen J, et al. MicroRNA miR-885-5p
targets CDK2 and MCM5, activates p53 and inhibits proliferation and survival. Cell Death Differ. 2011; 18(6):
974-984. https://doi.org/10.1038/cdd.2010.164 PMID: 21233845

[64] Yan W, Zhang W, Sun L, Liu Y, You G, Wang Y, et al. Identification of MMP-9 specific microRNA expression
profile as potential targets of anti-invasion therapy in glioblastoma multiforme. Brain Res. 2011; 1411: 108-
115. https://doi.org/10.1016/j.brainres.2011.07.002 PMID: 21831363

[65] Ni F, Sun R, Fu B, Wang F, Guo C, Tian Z, et al. IGF-1 promotes the development and cytotoxic activity of
human NK cells. Nat Commun. 2013; 4: 1479. https://doi.org/10.1038/ncomms2484 PMID: 23403580

[66] Stuart CA, Meehan RT, Neale LS, Cintron NM, Furlanetto RW. Insulin-like growth factor-I binds selectively to
human peripheral  blood monocytes and B-lymphocytes.  J.  Clin.  Endocrinol.  Metab.  1991;  72:  1117-1122.
https://doi.org/10.1210/jcem-72-5-1117 PMID: 1850753

[67] Kooijman R, Willems M, De Haas CJ, Rijkers GT, Schuurmans AL, Van Buul-ogffers SC, et al. Expression of type I
insulin-like growth factor receptors on human peripheral blood mononuclear cells. Endocrinol. 1992; 131, 2244-
2250.

[68] Badolato R, Bond HM, Valerio G, Petrella A, Morrone G, Waters MJ, et al. Differential expression of surface
membrane growth hormone receptor on human peripheral blood lymphocytes detected by dual fluorochrome
flow cytometry. J. Clin. Endocrinol. Metab. 1994; 79: 984-990. https://doi.org/10.1210/jcem.79.4.7962309 PMID:
7962309

[69] Dornand J, Lafont V, Oliaro J, Terraza A, Castaneda-Roldan E, Liautard JP. Impairment of intramacrophagic
Brucella suis multiplication by human natural  killer  cells  through a contact-dependent mechanism, Infect
Immun. 2004; 72(4): 2303-2311. https://doi.org/10.1128/IAI.72.4.2303-2311.2004 PMID: 15039355

[70] Saberi A, Danyaei A, Neisi N, Dastoorpoor M, Tahmasbi Birgani MJ. MiR-328 may be considered as an oncogene
in human invasive breast carcinoma. Iran Red Crescent Med J. 2016;7, 18(11): e42360. eCollection 2016 Nov.
PMID: 28203454

[71] Liu C, Zhang L, Huang Y, Lu K, Tao T, Chen S, et al. MicroRNA-328 directly targets p21-activated protein kinase
6 inhibiting prostate cancer proliferation and enhancing docetaxel sensitivity. Mol Med Rep. 2015; 12(5): 7389-
95. https://doi.org/10.3892/mmr.2015.4390 PMID: 26459798

[72] Padgett KA, Lan RY, Leung PC, Lleo A, Dawson K, Pfeiff J, et al. Primary biliary cirrhosis is associated with
altered  hepat ic  micro  RNA  express ion.  Journal  of  autoimmunity.  2009;  32:  246-253.
https://doi.org/10.1016/j.jaut.2009.02.022  PMID:  19345069



[73] Boissonneault V, Plante I, Rivest S, Provost P. MicroRNA-298 and micro RNA-328 regulate expression of mouse
beta-amyloid  precursor  protein-converting  enzyme  1.  J  Biol.  Chem.  2009;  284:  1971-1981.
https://doi.org/10.1074/jbc.M807530200  PMID:  18986979

[74] Tay HL, Kaiko GE, Plank M, Li J, Maltby S, Essilfie AT, et al. Antagonism of miR-328 increases the antimicrobial
function of macrophages and neutrophils and rapid clearance of non-typeable Haemophilus influenzae (NTHi)
from infected lung. PLoS Pathog. 2015; 11(4): e1004549. https://doi.org/10.1371/journal.ppat.1004549 PMID:
25894560


