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Filarial infections are known to modulate cytokine respores in pulmonary tuberculosis by
their propensity to induce Type 2 and regulatory cytokined-However, very little is known
about the effect of larial infections on extra-pulmonarydrms of tuberculosis. Thus, we
have examined the effect of larial infections on the plasméevels of various families of
(IL-1, IL-12,9C, and regulatory) cytokines and (CC and CXC) chemokines intierculous
lymphadenitis coinfection. We also measured lymph node ctire grades in order to
assess the burden ofMycobacterium tuberculosisin the two study groups [FIC (n D 67)
and Fil- 6 D 109)]. Our data reveal that bacterial burden was signi camy higher in FiC
compared to Fil- individuals. Plasma levels of IL-1 familjL(1a, IL-b, IL-18) cytokines
were signi cantly lower with the exception of IL-33 in F€ compared to Fil- individuals.
Similarly, plasma levels of IL-12 family cytokines -IL-12na IL-23 were signi cantly
reduced, while IL-35 was signi cantly elevated in K& compared to Fil- individuals.
Filarial infection was also associated with diminished lels of IL-2, IL-9 and enhanced
levels of IL-4, IL-10, and IL-1Ra. Similarly, the Kl individuals were linked to elevated
levels of different CC (CCL-1, CCL-2, CCL-3, CCL-11) and CXECXCL-2, CXCL-8,
CXCL-9, CXCL-11) chemokines. Therefore, we conclude thatlarial infections exert
powerful bystander effects on tuberculous lymphadenitiseffects including modulation
of protective cytokines and chemokines with a direct impacbn bacterial burdens.

Keywords: tuberculosis, lymphadenitis, lariasis, cytoki nes, chemokines

INTRODUCTION

Lymphatic lariasis is a tropical disease a icting about 70 foh people worldwide 7). It is an
infection caused by the nematod&guchereria bancrofti, Brugia malagind Brugia timoriand is
transmitted by mosquitoe<?y. Filarial infections occur predominantly in tropical regisrf the
world where pulmonary and extra-pulmonary tuberculosis (BB co-prevalents). Tuberculous
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lymphadenitis (TBL) is the most common manifestation ofplasma levels of IL-33 (GM of 749.5 vs. 545.9 pgfmi,0.0001)

extra-pulmonary TB and constitutes 35% of all forms ofwas signi cantly higher in FC compared to Fil- individuals

extra-pulmonary TB 4). The incidence of TBL has increased in(Figure 1A). The plasma levels of IL-12 (GM of 82.12 vs. 428.3

parallel with the increase of mycobacterial infections waitte.  pg/ml, p < 0.0001) and IL-23 (GM of 12.89 vs. 19.09 pg/ml,

Cervical lymphadenopathy is the most common manifestatior< 0.0001) were signi cantly lower and the plasma levels of3L-3

of TBL but other lymph nodes including inguinal, axillary, (GM of 27.44 vs. 17.63 pg/n< 0.0001) was signi cantly higher

mesenteric and mediastinal can be involved The pathogenesis in FilC compared to Fil- individualsKigure 1B). Hence, larial

of TBL is still poorly understoods). coinfection is characterized by altered plasma levels df dnd
Cytokines are crucial players in host resistance to bothL-12 family of cytokines.

pulmonary TB and TBL &, 7). Thus, Type 1, Type 17 and

other pro-in ammatory cytokines (including IL-1, IL-12, ahgC

family of cytokines) are important for host protection, whilgpe FilC Individuals Exhibit Signi cantly

2 and regulatory cytokines are detrimental for host immynit ~. . .
against active TB7). A variety of chemokines are known to Diminished Levels of IL-2 and IL-9 and

play an important role in the immune response to active TBSIGNI cantly Enhanced Levels of IL-4
(8, 9). Filarial infections are known to modulate cytokine and Filarial infections are associated with alterations in gsgfamily
chemokine responses in both active and latent tuberculd@dy ( Of cytokines in pulmonary TBJ). Hence, we measured the
(3). However, the e ect of larial infections on the cytokine dn  circulating levels ofc family (IL-2, IL-4, IL-7, IL-9, IL-15, and
chemokine response to TBL is not known. IL-21) of cytokines to examine the in uence of larial coieftion
Therefore, we aimed to study the cytokine and chemokin@mong TBL individuals Kigure 2. The plasma levels of IL-2
pro le established during larial infection to assess itspact on ~ (GM 0f 49.02 vs. 82.09 pg/ngi< 0.0001) and IL-9 (GM of 15.26
TBL disease. To address this, we measured the plasma level¥®f38.79 pg/mlp < 0.0001) were signi cantly lower and the
di erent families of (IL-1, IL-12,gC, and regulatory) cytokines Plasma levels of IL-4 (GM of 41.93 vs. 10.18 pgfmt, 0.0001)
and (CC and CXC) chemokines in laria-TBL coinfection. Was signi cantly higher in FIC compared to Fil- individuals. In
We show that larial coinfected individuals have signicaypt contrast, there were no signi cant di erences in the levelslo
increased bacterial burden in the a ected lymph nodes wher{. IL-15, and IL-21 between the two grougSidure 2). Hence,
compared to larial-uninfected individuals. Our resultsalshow  larial coinfection is characterized by altered plasma leafigc
signi cantly altered cytokine and chemokine responses imida ~ family of cytokines.
TBL coinfection.

RESULTS FilC Individuals Exhibit Signi cantly
) _ Enhanced Levels of IL-10 and IL-1Ra
Study Population Demographics Filarial infection is associated with elevated regulatgtpkines

The demographics of the study population are listedTialfle ). (1L-10 and TGFb) in pulmonary TB @). Hence, we studied the
There were no signi cant di erences in age and gender betweefh yence of larial coinfection on regulatory cytokines inBL,
FilC and Fil- individuals. Neither age nor gender had a.nyby measuring the p|asma levels of these Cytokirﬁgu(‘e 3)
signi cant e ecton the cytokine or chemokine pro les. Howeve  The plasma levels of IL-10 (GM of 366.9 vs. 102.0 pgfn,
FilC individuals had moderately higher bacterial burdens a$ 0001) and IL-1Ra (GM of 1148.0 vs. 755.7 pgfni, 0.0136)
determined by the culture grade in solid media of the a ectedyere signi cantly higher in FIC compared to Fil- individuals. In
lymph node p D 0.045). Hence, larial coinfection is associatedcontrast, there were no signi cant di erences in the level3 GF
with higher bacterial burdens in TBL. b between the two group${gure 3. Hence, larial coinfection is
) o S characterized by increased plasma levels of regulatorkiogs.
FilC Individuals Exhibit Signi cantly
Diminished Levels of IL-1 a, IL-1Db, IL-18,
IL-12, and IL-23 and Signi cantly FilC Individuals Exhibit Signi cantly

Enhanced Levels of IL-33 and IL-35 Enhanced Levels of CC Chemokines

Filarial infection is associated with diminished levelsppb-  Helminth infections are associated with diminished CC
in ammatory cytokines in pulmonary TB J). To assess the chemokines in latent TB1(0). To study the association of larial
impact of coincident larial infection on IL-1 family (IL-&, coinfection on CC chemokines in TBL, we measured the plasma
IL-1b, IL-18, IL-33) and IL-12 family (IL-12, IL-23, IL-27, IL- levels of CCL1, CCL2, CCL3, and CCLEFiglre 4). The plasma
35) of cytokines in TBL individuals, we measured the plasmé&vels of CCL1 (GM of 24.64 vs. 11.31 pg/miD 0.0024),
levels of these cytokine&iure 1). The plasma levels of ILal CCL2 (GM of 33.59 vs. 10.43 pg/mi,< 0.0001) and CCL11
(Geometric mean (GM) of 83.82 vs. 123.4 pg/mD 0.0047), (GM of 169.7 vs. 43.82 pg/mh < 0.0001) were signi cantly
IL-b (GM of 16.78 vs. 21.27 pg/mp < 0.0001) and IL-18 higher in FilC compared to Fil- individualsKigure 4). Hence,
(GM of 167.7 vs. 310.0 pg/mh < 0.0001) were signi cantly larial coinfection is characterized by increased plasmalgwof
lower in FilC compared to Fil- individuals. In contrast, the CC chemokines.
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TABLE 1 | Demographics of the TBL individuals.

Study demographics Fil C Fil— P-value
Number of subjects recruited ) 67 109 -
Gender (M/F) 55/12 86/23 -
Median age in years (range) 40.2(18-65) 36.8(19-65) NS
Culture grade 0.0452
Low bacterial burden (IC) 16 65

Medium bacterial burden (Z) 30 31

High bacterial burden (L) 21 13

Filarial circulating antigen Positive>(128 U/ml) Negative € 128 U/ml) -

@ Calculated using the Chi-square test; NS, not signi cant.
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FIGURE 1 | Altered plasma levels of IL-1 and IL-12 family of cytokines inatial coinfected individuals with TBL. The plasma levels ¢&) IL-1 (IL-1a, IL-1b, IL-18, and
IL-33) and (B) IL-12 family (IL-12, IL-23, IL-27, and IL-35) of cytokines were nesured in FiC (n D 67) and Fil-G D 109) individuals with TBL. The results are
represented as scatter plots with each circle representing single individual. The bar indicates the geometric mean ahthe signi cant differences were calculated
using non-parametric Mann-Whitney U test. The dotted linendicates the limit of detection for each cytokine.

FilC Individuals Exhibit Signi cantly systemic levels of CXCL1, CXCL2, CXCL8, CXCL9, CXCL10,
Enhanced Levels of Most CXC Chemokines and CXCL11 kigure 5. The plasma levels of CXCL2 (GM of
Helminth infections are associated with diminished CXC74.75 vs. 12.04 pg/mp < 0.0001), CXCL8 (GM of 92.34 vs.
chemokines in latent TBI(). To study the association of larial 19-64 pg/mlp < 0.0001), CXCL9 (GM of 199.4 vs. 48.40 pg/ml,
coinfection on CXC chemokines in TBL, we measured thd < 0.0001) and CXCL11 (GM of 43.07 vs. 10.27 pgfomk
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FIGURE 2 | Altered plasma levels ofC cytokines in larial coinfected individuals with TBL. The lasma levels ofgC family (IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21) of
cytokines were measured in FT (n D 67) and Fil-§ D 109) individuals with TBL. The results are represented as atter plots with each circle representing a single
individual. The bar indicates the geometric mean and the sig cant differences were calculated using non-parametric Mnn-Whitney U test. The dotted line indicates
the limit of detection for each cytokine.

0.0001) were signi cantly higher and plasma levels of CXCLin helminth-TBL coinfections in total 12). Our previous
(GM of 69.71 vs. 104.1 pg/n< 0.0001) was signi cantly lower study had demonstrated th&tronglyoides stercorat@infection
in FilC compared to Fil- individualsKigure 5. Hence, larial could modulate cytokine (but not chemokine) responses both
coinfection is characterized by increased plasma levelsost m systemically and in an antigen—specic mannet2), We

CXC chemokines. had also demonstrated elevated bacterial burdens in that
helminth-TBL coinfection {2). We expand our data on those
DISCUSSION ndings and report the inuence of larial coinfection on

the cytokine and chemokine response in TBL disease. We
Extra-pu|m0nary TB accounts for 20% of all TB cases also validate our prEViOUS report that co-infected helminth
and lymph nodes are often the most common sité).( infection is associated with higher bacterial burdens ire th
Previous studies have shown that helminth infections ca@ €cted lymph node of TBL individuals. This study o ers
in uence the pathogenesis and immune response to pulmonarjew insights into the pathogenesis of TBL disease in the
TB (3, 11). To our knowledge, our study is the rst to Presence of co-prevalent helminth infections and suggests th
examine the bacteriological and immunological outcomes irfreatment of helminth infections could in uence the outcoroé
laria-TBL coinfections and the second to examine the samd BL disease.
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FIGURE 3 | Elevated plasma levels of regulatory cytokines in larial @efected individuals with TBL. The plasma levels of regulaty (IL-10, IL-1Ra, and TGHb)
cytokines were measured in FT (n D 67) and Fil-§ D 109) individuals with TBL. The results are represented as atter plots with each circle representing a single
individual. The bar indicates the geometric mean and the sig cant differences were calculated using non-parametric Mnn-Whitney U test. The dotted line indicates
the limit of detection for each cytokine.

Among cytokines involved in host immunity to TB disease,in immunity to TB (31) but is not modulated in the presence of
the IL-1 and IL-12 family of cytokines play a major role. IL- coinfection. Finally, IL-35 is an anti-in ammatory cytoke of the
la, IL-1b, and IL-18 are known to be essential for immunity IL-12 family (32), whose role in TB is not clear. Our data suggest
to TB infection (L3, 14). Both IL-1 cytokines signal through that larial modulation of TBL disease results in higher levels
the same IL-1 receptor and are known to be independentlyL-35, which might be potentially host-detrimental. The roligc
required for host resistance and de ciency in either cytaki cytokines in hostimmunity to TB infection and disease is netlw
renders mice more susceptible to TB infectiotb), Similarly, understood. IL-2 and IL-21 have been shown to be important to
IL-18 is important for host immunity and functions by host resistance in animal model33 34) and regulation of these
induction of IFNg (16). Finally, TBL is characterized by cytokines has been demonstrated in human pulmonary I38.(
diminished plasma and TB—antigen stimulated levels of BL-1 Our data on the modulation ofc cytokines in the presence of
and IL-18 (L7). Our data therefore suggest that in the presencearial coinfection suggests that IL-2 and IL-9 (but not IL-TL-
of larial infection, protective cytokines are dampened in 15 or IL-21) levels are signi cantly diminished. The impliican
the circulation of TBL individuals. In contrast, IL-33 is a of the alterations in IL-2 and IL-9 needs to be examined ferth
predominantly anti-in ammatory cytokine belonging to thé&{1 One potential mechanism for the decrease in baseline levels
family (18). It is mostly expressed in non-hematopoietic cellsof proin ammatory cytokines in TBL individuals with larial
like adipocytes, broblasts, intestinal and bronchial eplial coinfection could be a concomitant increase in regulatory
cells and endothelial cellss¢-21). IL-33 is also expressed by cytokines. Our data suggest that IL-4, IL-10, and IL-1Ra are
hematopoietic cells mainly by dendritic cells (DCs) to lessesigni cantly increased in FC individuals suggesting a plausible
extent 2). IL-33 acts an alarmin in the induction of Type 2 biological mechanism for the downmodulation of IL-1 and IR-1
cytokine response£8) and is known to help attenuate ongoing family of cytokines. Also, since IL-4, IL-10, and IL-1Ralanewn
TB infection in mice @4). Since IL-33 is induced in a variety to play a detrimental role in enhancing susceptibility to ictfien
of Th2 settings, it is not surprising to see that IL-33 levetsev (36-39), our data indicate that alteration of the balance between
enhanced in larial coinfected individuals. However, wheth protective and regulatory cytokines plays a pivotal role in the
IL-33 has a bene cial or detrimental e ect on the TBL diseaseestablishment of cytokine responses in larial-TBL coiriec.
remains to be determined. In addition, this balance could also be impacted by the elevated

IL-12 and IL-23 are the two primary cytokines fundamentallylevels of the anti-in ammatory cytokines—IL-33 and IL-35.
important in resistance to TB infection as demonstrated bogh  Interestingly, no di erence in TGB levels was observed between
animal models and human immune de ciencie35-30). IL-12  coinfected and uninfected individuals in TBL disease.
by its induction of Type 1 responses and IL-23 by driving Type 17 Chemokines play an important role in cell migration to TB
cytokine responses are critical in host immunity to TB. Outala infected organs and are critical for TB contrd, (9). Indeed,
showing diminished levels of both the cytokines also sughas productive granuloma formation is known to be tightly regidd
larial infections modulate immunity in TBL by decreasingpe by chemokines § 9). However, chemokine dysregulation can
1 and Type 17 cytokine responses. IL-27 has an important rolghift the balance from protection to in ammation and patholpg
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FIGURE 4 | Elevated plasma levels of CC chemokines in larial coinfecteindividuals with TBL. The plasma levels of CC (CCL1, CCL-2/®P-1, CCL3/MIP1a, and
CCL11/eotaxin) chemokines were measured in Fl (n D 67) and Fil-1§ D 109) individuals with TBL. The results are represented as atter plots with each circle

representing a single individual. The bar indicates the geoetric mean and the signi cant differences were calculated sing non-parametric Mann-Whitney U test. The
dotted line indicates the limit of detection for each chemoie.

in TB disease q, 9). We have previously shown that plasmachemokines and not performing stool examinations for other
chemokines are markers of disease severity, bacterialebhard helminth infections. Nevertheless, our study clearly shtves
and delayed culture conversion in pulmonary TBY. Our coexistent larial infection has major e ects on TBL bactddgy
data clearly show that both CC (CCL1, CCL2, CCL11) andnd immunology. In addition to being associated with higher
CXC (CXCL2, CXCL8, CXCL9, CXCL11) are clearly elevatedacterial burdens, larial infections appear to downmodulate
in larial-TBL coinfection. Due to their ability to recruit the systemic levels of key protective cytokine families and
neutrophils, eosinophils and other in ammatory cell types),  upregulate the systemic levels of key pathogenic cytokinds an
these chemokines could play a potentially pathogenic role in. TB chemokines. Thus, by its ability to in uence the cytokinedan
Finally, dysregulation of chemokine production has beenngno chemokine milieu in TBL, coexistent larial infection impart
to enhance TB cavitation and pathology and therefore, ekaess certain deleterious e ects in the course of TBL disease. The
circulating levels of chemokines could also contribute hist role of immune cell subsets in helminth—TBL coinfection is
process41). currently under investigation. Overall, our results susjgéhe

Our study su ers from the limitation of being cross-sectidna crucial role of larial coinfection in modulating the necesy
lacking the ability to attribute cause-e ect mechanismsprotective cytokines and chemokines in TBL disease. Thezgefor
measuring only plasma (and not local) levels of cytokines andur future approach is to study the association of those cyleki
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FIGURE 5 | Elevated plasma levels of CXC chemokines in larial coinfead individuals with TBL. The plasma levels of CXC (CXCL1/GR&-CXCL2/GROb,
CXCL9/MIG, CXCL8, CXCL10/IP-10, CXCL11/ITAC1) chemokines wereeasured in FIC (n D 67) and Fil-§ D 109) individuals with TBL. The results are represented
as scatter plots with each circle representing a single indidual. The bar indicates the geometric mean and the signi cat differences were calculated using
non-parametric Mann-Whitney U test. The dotted line indid@s the limit of detection for each chemokine.

and chemokines in those groups of study individuals after thé&dtudy Population

completion of anthelmintic treatment to understand the e ect We studied a group of 176 individuals with TBL, 67 of whom

of anthelmintic treatment on this important component of the were infected with larial infection (hereafter [l and 109

immune response against the TB pathogen. of whom were negative for larial infection and only had TBL
(hereafter Fil-) Table 1). This was a nested case control study
within a larger study on the immune responses in pulmonary

MATERIALS AND METHODS and extrapulmonary TB conducted at the Government Stanley
_ Medical Hospital, Chennai. Out of 252 extrapulmonary TB
Ethics cases, 176 TBL cases were used for this study. TBL diagnosis

All individuals (participants above 18 years of age were &mulol was made on the basis of excision biopsy (i.e., a ected lymph
in the study) were assessed as part of a natural history studpdes) showing culture positivity fovl. tuberculosisCulture was
protocol approved by Institutional Review Boards of Nationalperformed using homogenized lymph node tissue and culture
Institute for Research in Tuberculosis (NIRT, NIRTIEC200Rp grades [T (1-20 colonies)/Z (20-100 colonies)3(>100
and informed written consent was obtained from all participggn colonies)] were used to identify the bacterial burdens as
involved in the study. ascertained by growth d¥l. tuberculosi®n Lowenstein-Jensen
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solid media [11]. Culture scoring was done independently andGM) were used for measurements of central tendency
blinded to the larial infection status. Filarial Wuchereria and nonparametric Chi-square test was used to compare
bancroft) infection was diagnosed by assessing the lariabtatistically signi cant di erences in age, gender and lesictl
(both micro laremic and amicro laremic) antigen levels ingg  burdens. Mann-Whitney U test was used to compare the
TropBio Og4C3 enzyme-linked immunosorbent assay (ELISA3tatistically signi cant di erences among the cytokinesdan
(Trop Bio Pty. Ltd., Townsville, Queensland, AustraliaheTcut chemokines analyzed.
o range to detect larial antigen is 128 antigen unit (U/ml) and
considered as positive ardl 28 (U/ml) is considered as negative DATA AVAILABILITY STATEMENT
for the presence of larial antigen. All the study individuals
were BCG vaccinated, negative for HIV and not under anyAll datasets generated for this study are included in the
steroid treatment. We did not perform any stool microscopyarticle/supplementary material.
examination for these individuals and they were anti-tuhgosis
and anthelmintic treatment naive. All these individuals wer ETHICS STATEMENT
from a peri-urban area in Chennai, India.

The studies involving human participants were reviewed and
Plasma Collection and Measurement of approved by Institutional Review Boards of National Institute
Cytokines by ELISA for Research in Tuberculosis (NIRT, NIRTIEC2010002). The

Blood samples (10 ml) were collected in sodium heparin tubeRatients/participants provided their written informed conseat
and plasma was collected by centrifugation at 2,600 rewisti Participate in this study.

per minute (rpm) for 10 min at 4C and stored at 80 C. The

following cytokines-IL-&, IL-Ra, IL-b, IL-2, IL-4, IL-7, IL-9, AUTHOR CONTRIBUTIONS
IL-10, IL-12, IL-15, IL-18, IL-21 (DuoSet R&D Systems), B,-2
IL-27, IL-33, IL-35 (e-Biosciences) and TksBioLegend) were
measured using ELISA.

GK and SB: conceived and designed the experiments, analyzed
the data, and wrote the paper. GK and SM: performed the
experiments. VB, DN, RS, and SB: contributed materials,
. reagents, analysis tools.

Measurement of Chemokines by

Multiplex Immunoassay FUNDING

Plasma chemokine levels were measured using a multiplex

immunoassay system (Luminex, Biorad) with a kit fromThis research was supported [in part] by the National Institutes
R&D Systems. The chemokines measured were: CC (CCLdf,Health.

CCL2/MCP-1, CCL3/MIP&, CCL4/MIP-Ib, CCL11/eotaxin)
and CXC (CXCL1/GRGz, CXCL2/GROb, CXCL9/MIG,
CXCLS8/IL-8, CXCL10/IP-10, CXCL11/ITAC1).
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