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INTERLEUKIN 6 LEVELSIN ADENOTONSILLAR HYPERPLASIA AND CHRONIC
RECURRENT TONSILLITIS

ABSTRACT

BACKGROUND

The primary etiology of adenotonsillar hyperplaaiel chronic recurrent tonsillitis is

inflammation which is mediated by cytokines suchrsrleukin-6 which is both a pro and anti-
inflammatory agent. In this study the IL-6 levaisaidenotonsillar tissue of patients with AH,

ATH and CRT were measured.

OBJECTIVE
To measure the levels of interleukin 6 in adenatiangissue in adenotonsillar hyperplasia and

chronic recurrent tonsillitis.

STUDY DESIGN
Prospective cross-sectional study

MATERIALSAND METHODS
83 patients undergoing adenotonsillectomy for ATid &RT were recruited and IL-6 assays

carried out and correlated with the use of medcatisuch as antihistamines, topical steroids and

antibiotics prior to surgery.

DATA ANALYSIS
Data was entered into preformatted sheets andzethlyith the SPSS17.0. Means, percentages

and statistical significance were calculated. Ireohejent t-test and Analysis of variance

(ANOVA) with LSD Post Hoc multiple comparisons werged.

RESULTS



The male to female ratio was 53.01:46.99. Patieitts ATH and AH were72.3% with grade 3
and 4 tonsils as the majority at 66.2%. The higle®! of IL-6 was 1.029 while the lowest was
0.104 with a mean of 0.4347. Patients who had Hlentomies had higher IL- 6 levels compared
to those who had adenoidectomies with a mean diifag which was significant (p<0.001). The
mean difference in IL6 levels of patients who weneantihistamines versus those who were not
was not significant (p= 0.444). The mean differeat#.-6 of patients on topical steroids and

those who were not was significant (p<0.001)

CONCLUSION

IL- 6 levels were more elevated in patients witthb@RT and ATH than in patients with AH
only. Thus elevated IL-6 levels may be a mark skdse chronicity

The use of topical nasal steroids leads to redildgtevels thus are an effective medical

treatment for AH. The use of oral antihistaminas bt significantly affect IL6 levels.



INTRODUCTION:
Adenoidectomy and tonsillectomy are the most comynperformed procedures in

Otorhinolaryngology, Head and Neck Surgery (ORL-HId&ctice in the world and the
worldwide picture mirrors the situation in the ORINS practice in Kenya.> The primary
indications for adenotonsillectomy are chronic atien and upper airway obstruction which
becomes more pronounced during sleep when the argpireal musculature is relaxéd.

There may be significant advantage in pursuing n&dherapy for ATH and CRT as this may
limit the surgical risks and complications espdgitdr poor surgical candidates and reduce the

psychological and financial burden to the patiemtd their families.

Ongoing research on adenotonsillar disease in¢h&leole of atopy, tonsillar tissue as a
reservoir for Human Immunodefiency Virus (HIV), ttapical use of Leukotriene inhibitors and
topical steroids on tonsil tissue and the roleiofiln forming bacteria:® ATH and CRT are
both sequelae of inflammation. Recent studies atdithat local inflammation and mucosal
immunity function independently from the systermasponse. Inflammation is primarily
mediated by cytokines which are peptides involvecegulation of both cellular and humoral
immune response by relaying information betweehsighalling molecules. Cytokine levels
may differ in ATH and CRT.

Adenoids and tonsils are most immunologically atiom four to ten years of age with
involution by adolescence, with continued growthhaf skull base growth plates adenoids and
tonsils are rarely obstructive after this periode®xact mechanisms underlying follicular

lymphoid proliferation and hyperplasia remain pgarhderstood.

Previously it has been widely assumed that tomsaltal adenoidal tissue enlarge at a rate faster
than the bony structure of the nasopharynx durartyehildhood thus reducing the airway
diameter. Recent studies in normal children shatvatithe adenotonsillar growth is

proportionate to the somatic growth of the aireayd that any deviation would be abnorrhal.

Research indicates that localized inflammatiorheatasopharyngeal area is involved in the
pathophysiology of upper airway obstruction andsgajuently obstructive sleep apnoea in

children. Assessment of adenotonsillar tissues ftbitdren with obstructive sleep apnoea
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(OSA) has shown markedly increased inflammatorymreliferation especially T-cell
lymphocytes and increased expression of pro-inflatony cytokines and other inflammatory
mediators, such as TNk-IL-6 and IL-1a, when compared with adenotonsillar tissues sulfgica
removed in the treatment of children with CRTt is postulated that in OSA, respiratory viruses
and recurrent vibration of the upper airway fromoramg will promote localized inflammation

with subsequent mucosal swelling and over-exprassiénflammatory cytokine$' Studies
examining exhaled breath condensate and inducedrapa children with OSAS have revealed

the upregulation of localized inflammatory procestseupper airway tissues.



ANATOMY

Nasopharyngeal tonsils also called adenoids aratipaltonsils are part of the Waldeyer’s ring
of lymphoid tissue within the nasopharynx and oayghx respectively. The other members of
the Waldeyer’s ring include the tubal tonsils, llagtonsils and the lateral pharyngeal band.
These are immunoreactive organs that located witt@rgateway of the aerodigestive tract and
contain immunologically active cells which are ditg exposed to inspired or ingested antigens
and maximize the development of immunologic memory.

Crnpilryee

Figurel. Image of tonsils and adenoids Adapted fAoratomy & Physiology of the Pharynx

Emad A. Magdy, Department of Otorhinolaryngologgcty of Medicine, Alexandria
University. 1/13/2009

The palatine tonsils are the largest componertiofing and are located within the
palatopharyngeal arch. Their lymphoid tissue iser@mmpact in its normal state and has crypts
lined with stratified squamous epithelium that exteleeply into the tonsillar tissue. They
maximize the exposure of tissue to surface antigeibhsan also harbor debris and bacteria and
may be the cause of recurrent tonsillar infectionsey have a distinct fibrous and very adherent
capsule which binds the deep surface of the tofisé. capsule limits inflammation thus tonsillar
tissue swelling extends medially into the orophgead airway. The loose connective tissue
between the capsule and the muscles of the tanfsilaa form a potential space which is the
usual site for peritonsillar abscess$és.

The adenoids or pharyngeal tonsil is a single roapgramidal tissue with its base on the
posterior nasopharyngeal wall and the apex poittedrd the nasal septum. The surface is
invaginated in folds with few crypts. The epithatius pseudostratified ciliated epithelium
infiltrated by lymphoid follicle 2
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TONSIL SIZE AND POSITION
The size and the position of the tonsils signiftbaaffect the diagnosis and symptomatology of

upper airway obstruction secondary to tonsillardrptasia. Tonsils may be bi-lobed with
extension into the hypopharynx, or more rarely th® nasopharynx. Inferior extension is
associated with a history of obstruction and reé&dyt normal appearing tonsils.Brodsky
classification is a useful determinant for tonsiltany and is a grading system of tonsillar size
that is expressed as the estimated percentagdesitmaopharyngeal airway between the

palatine tonsild?

Figure 2: Brodsky classification of tonsillar sizZ&dapted from Lawrence Elikan, M.D. Seckin
Ulualp, M.D.University of Texas Medical Branch Dejpaent of Otolaryngology. Special
situations in management of tonsil and adenoidrdisis, January 11, 2006

FUNCTION AND IMMUNOL OGY
The immunologic structure of the tonsils and adésds divided into four compartments from

the surface in; reticular crypt epithelium, extodli€ular area, mantle zone of the lymphoid
follicle, and the germinal centre of the lymphaidlitle. Without afferent lymphatics the
lymphoid nodules in these structures are exposedtigen only in the crypts of the palatine
tonsils and the folds of the adenoids. Membranis egld antigen presenting cells are involved in
transporting the antigen through the epitheliaétayia transcytosis and presenting them to T-
helper cells. This stimulates the B cells in thergeal zone of the lymphoid follicle to
differentiate and produce antibodies. Palatinsiterand adenoids are involved in the
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production of mostly secretory IgA, which is tranded to the surface and provides mucosal
immune protection and assists in preventing bactend viruses from adhering to pharyngeal

mucosd®

CYTOKINES

Cytokines are soluble intercellular signalling nolkes that act via specific receptors to regulate
host cell function. Cytokines can act in an autogriparacrine, or endocrine fashion via lymph
or plasma and have local and systemic actionsef®ifit cell types may secrete the same
cytokine while a single cytokine can exhibit pleagty thus acts on several different cell types.
Redundancy implies that similar functions can lrmwated by different cytokines. They are

often produced in a cascade and can act synealigtar antagonistically.

Cytokines regulate immunity, inflammation, and héwpaiesis. They are produced in response
to an immune stimulus and are very potent bioldgiwalecules at very low concentrations and
generally though not exclusively act over shortadises and short time spans. They bind to
specific membrane receptors, which signal thewialsecond messengers to alter gene
expression. Responses to cytokines include inergasi decreasing expression of membrane
proteins (including cytokine receptors), proliféoat and secretion of effector molecules. There
are six major types of cytokines chemokines, colsiiypulating factors, interferons,
interleukins, transforming growth factors, and tumpecrosis factors (TNF). Cytokines may
also be classified by the cell of production susltyanphokines by lymphocytes and monokines
by monocytes. Chemokines have chemotactic actwtikile interleukins are produced by
leukocytes-®

CYTOKINE ACTIVITIES
Cytokines are made by many cell populations, beifjpiiedominant producers are T helper

lymphocyes (Th) and macrophages. The largest gobaptokines is that which stimulates
immune cell proliferation and differentiation. Thieludes Interleukin 1 (IL-1), which activates
T cells; IL-2 which stimulates proliferation of agegn-activated T and B cells; IL-4, IL-5, and
IL-6, which stimulate proliferation and differentiian of B cells, Interferon gamma (IFNQ),
which activates macrophages and IL-3, IL-7 and Gl@yte Monocyte Colony-Stimulating
Factor (GM-CSF), which stimulate hematopoiesid\ H#fpha and IFN beta inhibit virus
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replication in infected cells, while IFN gamma dtiistes antigen-presenting cell MHC
expressiort?

TH1AND TH2 BALANCE, REGULATION, AND INVOLVEMENT IN DISEASE
T lymphocytes are a major source of cytokines aeg bear antigen-specific receptors on their

cell surface to allow recognition of foreign patkag. The two main subsets of T lymphocytes
are distinguished by the presence of cell surfagiecnles CD4 and CD8. T lymphocytes
expressing CD4 are also known as Helper T cellscandbe further subdivided into Thl and

Th2 cells and produce Thl-type cytokines and Th-tyytokines.

Th1 cells promote cell mediated immunity while Td¢&ls induce humoral immunity. Cellular
immunity directs Natural killer T cells and macragjes to attack abnormal cells and microbial
agents at the sites of infection inside the céllemoral immunity results in the production of
antibodies used to neutralize antigens outsidaetells. Thl cells secrete INF-gamma and IL-
2, which activate macrophages and cytotoxic T-dellsll intracellular organisms; Th2 cells
secrete IL-4, IL-5, IL-6 and IL-10, which in turedd B cells to secrete protective antibodles.
The immune system relies on both Thl and Th2 tekxist in a balanced and regulated
manner, thus an inadequate Thl response leadsawicinfection and cancer while an

overactive Th2 response can contribute to allergigsautoimmune diseases.

TH-1CELLS

TH-1 cells produce pro-inflammatory cytokines likdN-y, IL-2, and TNFB and are involved in
cell-mediated immunity. These cytokines stimulatagocytosis and destruction of microbial
pathogens via macrophages which produce toxic fafmegygen which destroy the
microorganisms within the phagosomes and lysoso8@sgeral chronic inflammatory diseases
are described as Th1l dominant diseases such aplmsttlerosis, diabetes, and rheumatoid

arthritis.

TH2CELLS
TH2 cytokines counteract the effects of the THDbkytes — they have an anti-inflammatory
action but they also help kill extracellular patbog by stimulating the production of antibodies

and eosinophilic response directed toward largeaeatlular parasites. Atopy and allergy are
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Th2 dominant conditions. Th2 cells produce IL-4,3LIL-9, IL-10, and IL-13. Pro-
inflammatory cytokines are produced primarily byiaated macrophages and are involved in the
up-regulation of inflammatory reactions. Anti-infianatory cytokines belong to the T cell-

derived cytokines and are involved in the down-tation of inflammatory reaction.

The main cytokines involved in inflammation anddeare tumour necrosis facteyiL-1, and
IL-6 in their order of secretion. IL-1, TN&-and IL-6 are pro-inflammatory. IL-6 then inhibits
the secretion of TNe-and IL-1, In normal settings it limits the inflanatory reaction thus it is
both pro-inflammatory and anti-inflammatory. TNFL-1(3, and IL-6 lead to monocyte-
macrophage activation, due to repeated stimuléiyathe pathogenic agents. These mediators
inducethe activation and proliferation of endotheliallselnd fibroblastsyhich may eventually
lead to progressive replacemehtmmunologically active tissue with fibrotic tiss in chronic

recurrent tonsillitis and hyperplasia.

INTERLEUKIN 6
Interleukin-6 (IL-6) is a cytokine of approximate$ kDa that is synthesized by T-cells,

macrophages, B-cells, fibroblasts, endotheliak¢alhd epithelial cells. It is also known as
interferon-B2, cytotoxic T-cell differentiation fear, and B-cell stimulatory factor-2, among
others. Depending on the particular condition iyrha an anti-inflammatory or a pro-

inflammatory mediator as shown above.

It is among the primary mediators of the clinicamfestations of tissue injury. These include
fever, cachexia, leukocytosis, thrombocytosis,eéased plasma levels of acute-phase proteins,
and decreased plasma levels of albumin. IL-6 dlswutates plasmacytosis and
hypergammaglobulinemia. It is required to regutak growth as well as immune functioning.
Receptor sites on the surface of different cellhefbody mediate three major signal

transduction pathways: protein kinase C, cCAMP/prokénase A, and calcium release.

The circulating interleukin-6 stimulates the acptese reaction which leads to production and
release of acute-phase proteins such as C-regrttein which increase phagocytosis and
destroy invading bacteria and other pathogens. rEisiglts in an acute-phase response, such as

fever. Repeated inflammation from the acute phaaetion leads to hyperplastic adenoids and

-14 -



tonsils. This may be due to the recurrent viralargpspiratory tract infections that occur in
patients with OSA or acutely during adenoiditigansillitis due to specific bacteria. On
resolution of infection the tissue does not fubyert to its previous normal size. The specific

role of IL-6 in hyperplastic adenoids and tonsitsl @ SA in children is still under investigation.

Impaired or uncontrolled interleukin-6 gene expi@ssan produce unwanted immune responses
leading to autoimmune disorders such as rheumatthditis. Thus interleukin-6 therapy by its
stimulation or inhibition is under investigatiorr fine treatment of obesity, diabetes type Il and
rheumatoid arthritis. Research is currently undgramways of preventing IL-6 binding to its
receptors. However, it has been found somewhat eféeetive to bind IL-1 and TNF, and thus
reduce the secretion of IL-6. An example is the knt6 receptor antibody (MRA), used as one

of the new therapeutic approaches in rheumaticiisth
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Summary of the Actions of Interleukin-6 =

Hematologic
Proliferation of multipotential hematopoietic progers

Myeloma and plasmacytoma cell growth

Immunologic

Differentiation and maturation of B cells (B-cdiinsulating factor-2)
Production of immunoglobulin by B cells

Proliferation and differentiation of T cells

Hepatic
Hepatocyte stimulation
Induction of various genes of the acute-phase resp(CRP, haptoglobin,

fibrinogen)

Neurologic
Nerve cell differentiation

Gliosis (in transgenic mice)

Cardiac
Myocardial hypertrophy

Endocrine

Induction of thermogenesis (endogenous pyrogen)
Stimulation of the hypothalamic-pituitary-adrengisa
Stimulation of vasopressin secretion

Stimulation of growth hormone secretion
Suppression of the thyroid axis

Suppression of serum lipid levels

Osteoporosis (postmenopausal or due to hypogonadism
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LITERATURE REVIEW:
Locally there are a few studies that have beenwtted on adenotonsillar tissue. These include

studies on tonsil immunolody, complications of adenotonsillectorhynd cardiopulmonary
effects of adenotonsillar hyperpladiaA prospective study in KNH in 1977 by Mulim(20) on
histological, microbiological and immunological dyuof patients undergoing tonsillectomy for
recurrent sore throats showed that tonsils are inmogically active and competent as shown by
their response to phyto-hemoagglutination P immgendaPHA-P) stimulation. The levels of
immunoglobulin were generally lower than the intironal standard, though not too low as to
be used as explanation for frequent sore throdtseise patients. There were no local figures
comparable for both age and sex comparison anatg &b determine the local normal level was

thus recommended.

A study by Desiderio et al (7) analysed structaral immunologicahspects of tonsils and
adenoids in subjects who underwent adenotonsillegb®cause of recurrent inflammatory
episodes with fever. Histologicsiludies and analyses of the cytokine patterns earéed outn
palatine tonsils and adenoid samples from 105 migti@hounderwent adenoidectomy and
bilateral extracapsular tonsillectorfoy chronic inflammatory hyperplasia of these oigatt of
the 105 cases examined presented hyperkeratasie ofyptepithelium; in the remaining 59, the
epithelium was hyperplastizith no signs of keratosis. Titratiarf interleukin-13 and tumor
necrosis factor alphia serum and tissues demonstrated higher conciemsah the

adenotonsillar specimens, whereas the rise inléntein-6was more modest.

Sugiyami et al did a study on the influence of Ibiproliferation and differentiation of tonsillar
lymphocytes and detection of IL-6 producing catishie tonsils. Tonsillar B cells were cultured
in the presence of exogenous interleukin-6, a spaation of them differentiated into plasma
cells which seemed to have IL-6 receptors on thaifaces. The number of plasma cells tended
to be greater in the tonsils of children than ia tibnsils of adults. When tonsillar cells collected
by the Ficoll-Conray's method were cultured in mmedcontaining IL-6, T cells differentiated
and the number of activated T cells increasedh®fdur subsets of T cells, this effect of IL-6
was strongest on cytotoxic T cells. IL-6-mediatealiferation and activation of cytotoxic T cells

tended to be greater in the tonsils of childremtimathose of adults and the number of
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macrophages producing IL-6 in tonsils of childrended to be greater than the number in tonsils

of adults.??

Kheirandish-Gozal et al (23) did an invitro studyadenoid and tonsil tissue removed post
adenoidectomy. In the study the tissue was culturedrticosteroids and the levels of cytokines
Tumour necrotic factaa, interleukins 6,and 8 measured. The study fouatttnsils and
adenoids obtained from children with obstructiveesl apnoea undergoing tonsillectomy and
adenoidectomy displayed increased proliferativesraind proinflammatory cytokine production.
Furthermore, treatment with corticosteroids resuitemarked dose-dependent reductions in
proliferative rates, increased cellular apoptosi diminished cytokine release. The relative
potency of the three corticosteroids used in theect study was highest for fluticasone and the
lowest for dexamethasone. Its findings supportedue of tonsillar or adenoidal tissue cell
cultures as a potentially useful approach for trovassessment of therapeutic efficacy of
corticosteroids and other candidate drugs in #atnent of the lymphoid hypertrophy that

underlies obstructive sleep apnoea in childfen.

Rania Esteitie et al(24) studied the effect ofiflasone furoate on interleukin 6 secretion from
adenoid tissues in 24 children betweenaitpes of 2 and 12 years who were undergoing
adenotonsillectomfor polysomnogram-documented obstructive sleep@aggadromeTlhe

study was a randomized, prospective, exploratargystThe children were randomized to either
no treatmendr treatment with fluticasone furoate nagalay, for 2 weekisefore
adenotonsillectomy. The study showed a reductidh-6f , in adenoid tissue obtained from
children with obstructive sleep apnea syndromeercewithfluticasone furoate nasal spray. The

aurthors believe that interleukin 6 an importanetictor of cardiovascular risk.

Krystal Revai et al (25) did a study on the asd@miabetween cytokine gene polymorphisms
and risk for URTI and Acute Otitis Media in childreTwo hundred and forty two children
between 6 to 35 months were prospectively follovegdccurrences of URTI and AOM. Blood
or buccal mucosa samples were collected for DNAaekbn to determine cytokine genotypes.
Active and passive surveillance was used to capilitéR Tl episodes during the one-year

follow-up period in order to study the rate of AGMIowing URI. Children who had IL-6 and
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TNFa polymorphism had a higher susceptibility to URTiridg the study period and were more
likely to meet established otitis susceptibilitjteria (p<0.01)%

Murat Unal et al (26) did a study on serum intekles (IL)-18, IL-4, IL-6, IL-8 and tumor
necrosis factor (TNFylevels in 17 children aged 5-12 years (mean 1) ahironic tonsillitis
before and after tonsillectomy. Cytokine concendreg were measured by ELISA. Il3And IL-
6 levels were significantly higher than the conteslels (p < 0.05) in preoperative serum
samples. Other cytokine levels were within nornralts. After tonsillectomy, IL-B and IL-6
levels were significantly reduced (p < 0.05). Isigygested that ILfland IL-6 may be
mediators which have a role in chronic tonsilfffis.

t

None of the patients in this study were on topégalhistamines or leukotreine inhibitors but it
has recently been reported that montelukast, @icy$tieucotriene receptor antagonist, induced
considerable reductions in adenoidal size and naspy-related sleep disturbances in children
with OSAZ2’ Currently there is ongoing research into the rél®pical antihistamines on

adenoid tissue.

From the above literature review and paucity oflishled data, it is imperative that more work
be done on the molecular events that propagatehttomicity of andenotonsillitis and
hyperplasia. This will open new treatment stratedie proper targeted medical therapy as an

option before surgery.
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JUSTIFICATION OF STUDY:
Adenotonsillar hyperplasia and chronic recurrensiiditis are known to be caused by chronic

inflammation which is mediated by cytokines at libeal tissue level. The study has provided a
record of local interleukin 6 levels in adenotolasitissues in children. The study is a pioneer
study that will aid future studies aiming to modalanflammmatory cytokines and develop new

less invasive non-surgical modes of treatment.

NULL HYPOTHESIS
Interleukin 6 does not play a role in adenotonshigperplasia and chronic recurrent tonsillitis.

ALTERNATE HYPOTHESIS

Interleukin 6 plays a role in adenotonsillar hypasg and chronic recurrent tonsillitis.

AIMS AND OBJECTIVES:
BROAD OBJECTIVE:

The broad objective of the study was to deterntieddvel of interleukin 6 in Adenotonsillar

tissue of patients obtained at adenotonsillecton{NtH.

SPECIFIC OBJECTIVES:

. To measure the level of the inflammatory cytokimileukin 6 from adenotonsillar tissue.

. To determine differences in Interleukin 6 in patsewith obstructive symptoms only
(adenotonsillar hyperplasia) and in those with nlwoecurrent tonsillitis, or both of the above

. To correlate the level of interleukin 6 in adendaitiar tissue of patients who have been on
medications such as antibiotics, topical nasabgterand antihistamines within one month prior

to surgery.

STUDY METHODOLOGY

STUDY DESIGN:
The study was a prospective descriptive study
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STUDY SITE
This study was conducted in Kenyatta National HasENT department.

STUDY POPULATION
The patients recruited were sourced from the ENJadenent at KNH. This included patients on

follow up for adenotonsillar hyperplasia causingtolictive symptoms and patients on follow up

for chronic recurrent tonsillitis.

INCLUSION CRITERIA
This consisted of the following

. Patients twelve years and below whom were to urtdadgnoidectomy, tonsillectomy or
adenotonsillectomy for adenoid hyperplasia, adersilar hyperplasia or chronic recurrent
tonsillitis at the satellite theater in the ENT ddgment at KNH.

. Patients whose parents or guardians gave inforresent to participate in the study.

EXCLUSION CRITERIA
This included the following;

. Patients whose guardians declined to participatiearstudy

2. Patients undergoing tonsillectomy as a biopsy fispscted neoplastic lesions.

3. Patients older than 16 years of age were exclugdedl@anoids and tonsils involute by puberty

which varies from 12years to 16 years.

. Patients who were found to have fever, neutropbflia2x10/l, and patients with respiratory

tract infections at least five days pre-operativadymost patients have hemograms done between
five days to seven days pre-operatively.

. Patients with comorbidities such as rickets, hdisgase sickle cell and overt asthma who did

not qualify for surgery in the satellite theatre

. Patients undergoing branchial sinus surgery wharsiltectomy was done.

SAMPLE SIZE CALCULATION:
Yamen formula:
n= N

“1+N(ej
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N is the population prevalence.
e is the error margin.
At a confidence interval of 95% and an error magib% the sample size (n) was based on a
previous studpy Desiderio et &lwhere 105 cases will be the N (population size).
n= 105
1+105(0.05)
n= 83.16

SAMPLING METHOD:
Consecutive sampling method was carried out taure88 children who underwent

adenotonsillar surgery.

STUDY DURATION:
The study was conducted over a period of two mofmtdm March to April 2012.

PROCEDURES
The patients were recruited from the ENT clini¢<iNH. Informed consent for participation in

the study was sought and participants who consemee recruited into the study. All patients
had a hemogram done pre-operatively as part af tbeiine pre-op work up.

The adenotonsillar tissue was collected after adewstomy by sharp curettage and extra-
capsular blunt dissection tonsillectomy. The ademsitlar tissue was then homogenized in 2
milliliters of normal saline. All samples were cefitged at 3,000 rpm, for 10 minutes and the
supernatant collected and refrigerated at mind€.80

Levels of interleukin-6 were determined in the sapéant, witha quantitative enzyme-linked
immunosorbent assay which was collectively dona bingle technician once the sample size
was achieved. The lowest detectable values intdrelarccurve were determined according to

the manufacturer.

CLINICAL EVALUATION:
Patient selection was done from the ENT consutthinics at the Kenyatta National Hospital.

The relevant clinical history was be taken and mhénly include determining if the patient had

ATH causing features of OSA or CRT, any recent UBiTantibiotic use with the last month and
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any medication the patient was on for the condisioch as topical nasal steroids and
antihistamines. A physical examination includecagyal exam and a local ENT examination of

was carried out and the findings were recordetienproforma.

MATERIALS AND EQUIPMENT:
The materials and equipment used for assessingatients included interleukin-6 assay kit,

pippetes, ionized or distilled reagent water artfeige and refrigeration facilities.

QUALITY CONTROL:
All specimens were processed in the same laboratdfgnya Aids Vaccine Initiative (KAVI)

and standard operating procedures for specimenihgngrocessing and analysis were followed
to ensure standardization. Guidelines on tissudllmanfollowed the University of Nairobi

Laboratory testing protocols which are based on ¢8fification.

ETHICAL CONSIDERATIONS:

. The study was carried out only after approval efkiNH ethics and research committee.

. Those included in the study were required to gnfermed consent either personally or by their
guardians in pediatric patients

3. Patients incurred no extra financial costs and ttaifidentiality was be maintained at all times.

Participants reserved the right to withdraw from siudy at any time without any healthcare

penalties.

5. There was no monetary gain by the primary investigiom the study.

During the screening period patients requiringHertreferral such as patients with cormobidities

such as cardiac disease were referred accordingly.

DATA ENTRY:

The biodata of the patient, relevant history arefihdings on the screening tests were recorded

in the proforma.
The data was then separated into different preftietiaata sheets under the following
headings; age; sex; indication for surgery; adersliar hyperplasia and CRT..
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ANALYSIS:

Data was exported to SPSS17 and the cleaning wesid&&PSS17. Independent t-test and
Analysis of variance (ANOVA) with LSD Post Hoc miple comparisons were used.
Independent t-test was used to compare mean differ&henever a variable had two categories
for example IL-6 levels in patients with topicalkah steroids and those who were not (yes, no)
and interleukin level, ANOVA was used when the &bk of interest had more than two

categories e.g. surgery and interleukin levels.

DATA PRESENTATION:
Data has been presented in form of tables anddgaligrand piecharts.

COMEOUNDING FACTORS

Topical steroids are given nasally and have maxeffatt on the nasopharyngeal mucosa rather

than oropharyngeal mucosa thus affecting expoduteedissue and achieving an adequate dose
within the adenoid and tonsil tissue. The effedhid factor between adenoid and tonsil tissue is

not ascertained in the study.
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RESULTS
The study recruited a total of 83 children who umant adenotonsillar surgery. The male to
female ratio was 1:1.1

Figure 1. Gender

m Male

& Female

Table 1: Ageand interleukins

Age Interleukin level (pg/ml)
N 83 79
Mean 4.96 0.43
Median 4 0.23
Std. Deviation 2.62 0.26
Minimum 1.50 0.104
Maximum 11.00 1.029
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Table 1: Age and interleukins

Tonsillar Grade

Figure 2: Tonsil grade

Age Interleukin level (pg/ml)
N 83 79
Mean 4.96 0.43
Median 4 0.23
Std. Deviation 2.62 0.26
Minimum 1.50 0.104
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Table 2: Tonsllar Grade

Grade | N | Mean(SD) Median | 95% C.I. Mean | Minimum-Maximum
1 16| 0.27(0.13) 0.231 0.196-0.34 0.157-0.67 pg/ml
2 10| 0.40(0.26) | 0.324 0.21-0.58 0.139-0.89 pg/ml
3 33| 0.42(0.23) | 0.340 0.33-0.50 0. 104-0.87 pg/ml
4 21| 0.61(0.28) 0.589 0.48-0.74 0.242-1.029 pg/ml

Figure 3: Mean plot of interleukin level by tonsillar grade
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The different tonsillar grades and the level ofdllwwvere compared and the p values were as
follows: Grade 1 versus grade 3 (p=0.044); grader&us grade 4(p<0.001), grade 2 versus
grade 4(p=0.022) and grade 3 versus grade 4 (p50.00

DIAGNOSISAND SURGERY

Figure 4: Diagnosis
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Figure5: Surgeries
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Key-: TS: Tonsillectomy  ATS: Adenotonsillectomy  AS&denoidectomy
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Table 3: Summary of interleukin level by surgery

Surgery N | Mean(SD) | Median | 95% C.I. Minimum-M aximum

M ean
Tonsillar 13| 0.523(0.280) 0.492 0.354-0.692 0.227-1.029 pg/ml
Adenotonsillar 46| 0.495(0.265) 0.449 0.417-0.574 0.104-1.022 pg/ml
Adenoid 21| 0.247(0.124) 0.218 0.191-0.303 0.139-0.665 pg/ml

Figure 6: Mean plot of interleukin 6 level by surgery

0.700 -

0.600
©
S q
@ 0.500 D
©
£
X
g P N
= 0.4007]
(<)
-
E —
o
2 0.3007 -1
0n
(2]

D
0.200
0.100
T T T
Tonsillar Adenotonsillar Adenoid
Surgery

The mean difference between Tonsillar Surgery adendid Surgery was significant (p=0.002).
Mean interleukin levels for patients who had tdasiSurgery was 0.52pg/ml compared to those
who had adenoid Surgery whose mean interleukin igae 0.25. The mean difference of the
above two which was 0.028 is statistically sigrafic Patients who had adenotonsillar surgery
had higher interleukin compared to those who hashad Surgery only. The Mean difference
(0.063) between Adenotonsillar Surgery and Adersidhery is significant (p<0.001).
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MEDICATIONSAND URTIs
Figure 7: Use of Topical steroids

HYes

@ HNo

Table 3: Topical Steroids Statistics

Topical steroids n Mean(SD) | Median | 95% C.I. Mean | Minimum-Maximum
Yes 38| 0.285(0.177) 0.243 0.226-0.343 0.104-0.798
No 42 | 0.571(0.253) 0.532 0.492-0.649 0.218-1.029

Mean difference is significant (p<0.001)

Figure 8: Mean plot of interleukin 6 level by use of topical steroids
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Table 4: Statistics of Patients on Antihistamineswith the last one month

Antihistamines n Mean(SD) | Median | 95% C.I. Mean | Minimum-Maximum
Yes 22| 0.395(0.24 0.31 0.29-0.50 0.10-0.97
No 58 | 0.45(0.269 0.32 0.38-0.52 0.14-1.029

The mean difference of IL- 6 levels in patients wigre on antihistamines and those who were
not on antihistamines was not significant (p= 0.41)

Figure 10: Mean plot of interleukin 6 level by use of antihistamines

-30 -



0.550]

0.5007]

0.450]

0.400]

0.350]

95% Cl Interleukin 6 level

0.300]

0.250]

Figure 11:

Yes No

Antihistamines

Use of Antibioticswithin last Imonth

EYes

BNo

Figure 12: Patients who had URTIswithin the last Imonth

-31-




HNo

21 children representing 25% of the children weygorted to have had URTIs within the month
prior to surgery but only 18 (22%) were treatechvattibiotics. 3 of the patients were managed

as URTI of viral etiology and were not treated wattitibiotics.

Table5: URTIswithin last Imonth and IL-6 levels

URTI last 1 month- IL-6 level pg/fNo URTI last 1 month- IL-6 level pg/thl
Median 0.59 0.23
Std. Deviatiof0.25 0.14
Mean 0.62 0.37
Minimum 0.24 0.10
Maximum  |1.029 0.97
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DISCUSSION

In the descriptive analysis a slight female pregoadce is noted. This was not found to be

statistically significant and research does nopsupany consistent findings of a particular
preponderance of sex in children with adenotondiigerplasia and chronic recurrent tonsillitis.
In prepubertal children the size of the upper aygsvare similar in males and females after
puberty the upper airways become longer in boys fids partially due to laryngeal descent
leading to higher prevalence of OSA in post-pubdngs and adult meff.

Age associated changes in levels of serum IL-6 loalyebeen studied in adults especially
geriatrics in healthy subjects, increased prodaatiolL-6 is not a normal consequence of aging

but there is no research into the changes in kv8ls in childrerf?

The mean age of children who had only adenoid Ipfpsia was 2.5 years while the mean age of
children with adenotonsillar hyperplasia and adensitlar hyperplasia with CRT was 4.6 and

6.1 years respectively. These finding correlatd witidies using upper airway endoscopy under
anesthesia that have shown that in younger childireanatomic region of maximal narrowing is
at the level of the adenoids and soft palate. ©hesils proliferate between 4 to 10 years of age
thus the maximal narrowing of the upper airway witiis age group occurs in the retropalatal

region, where the soft palate, adenoids and toaséslap in the three-dimensional spate.

In the study patients 62.6% of the patients hadilian grade 3 and 4 and those with higher
tonsillar grades had higher IL-6 levels as comp#odtie lower tonsillar grades that is 1 and 2.
This is due to the more severe obstructive symp@sssciated with grade 3 and 4 tonsils.
Previous studies have shown IL-6 levels to be higfheevere as compared to mild O%A.
Research indicates that IL-6 mMRNA production inempgirway tissues is higher in patients with
severe compared to mild OSAThe higher IL-6 levels with grade 3 and 4 tonsilsymalso be
due to increased tissue bulk as hyperplastic tisgiatains most of its immunologic function

but this is a postulation not supported by fact.

In the study most of the patients had surgery dusbstructive symptoms secondary to adenoid
hyperplasia and adenotonsillar hyperplasia ratian tecurrent infections due to chronic

recurrent tonsillitis. 86.4% of the patients cuntiviely had adenoid hyperplasia and
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adenotonsillar hyperplasia Patients with adenojpkhylasia tended to have lower levels of IL-6
as compared to those with adenotonsillar hypeiglddiis may be due to the duration of the
disease. The higher IL-6 levels may a mark of disednronicity as the mean IL6 level in AH,
ATH, ATH and CRT was 0.25, 0.42 and 0.78 respelgtiieatients with CRT had a mean age of
9.34 years and a mean IL6 level of 0.52. Thus pttiho had a combination of obstructive
symptoms and recurrent infections had higher Ilghtthose with recurrent tonsillitis only. It is
postulated that the mode of inflammation and cytekiroduction differs in obstructive disease

versus recurrent adenoiditis and tonsillitis thushalatively leading to higher tissue IL-6 levels.

Patients who were on steroid nasal sprays hadfisignily lower IL6 levels than those who were
not on IL6 with a mean of 0.285 and 0.569 respebtiand a p<0.001 which was significant.
This correlates with a study by Kheirandish-Gozallavhich was a invitro study on adenoid and
tonsil tissue removed post adenoidectomy and @dtur corticosteroids. In that study treatment
with corticosteroids resulted in marked dose-depahdeductions in proliferative rates,
increased cellular apoptosis and diminished cymkaiease. The relative potency of the three
corticosteroids used in the current study was tsgfee fluticasone and the lowest for
dexamethasofigA study by Rania Esteitie et al on the effectlofitasone furoate on

interleukin 6 secretion from adenoid tissues indrtbn who were undergoing
adenotonsillectomfor polysomnogram-documented OSA showed a reductiob-6 in adenoid

tissue treated witfluticasone furoate nasal spfay

It is possible that some of the patients especiathge with adenoid hyperplasia only might have
benefited from optimum medical therapy and avoisiegjery. This would involve a delicate
balancing act of patient education to improve caamgle on medications and patient follow up
to monitor response to medication so as to avaditingerous sequelae of adenotonsillar

hypertrophy and OSA such as pulmonary hypertension.

In this study the difference in IL6 levels in patie on oral antihistamines and those who were
not on them was no significant with a p value @40There were no patients on topical
antihistamines or oral leukotreine inhibitors. Téare no studies showing the effect of oral

antihistamines on cytokines in adenotonsillar gssu
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Mean IL6 levels in patient who had URTIs was 0.68 enean IL6 levels in patient who did not
have URTIs was 0.37. Recurrent inflammatory episadi¢h fever have been found to lead to
higher cytokines levels including 1B his finding correlates with an experimental stixgy
Gentile D.A et al that intranasally inoculatedafesy-tested clinical isolate of RV-39 into
healthy patients. Nasal lavages were submittedlifal culture and assayed for cytokine protein
levels by ELISA. During infection, significant iresises in mean levels of nasal IL-6) and IL-1

were observed in symptomatic but not asymptomaitijests.

CONCLUSION

Interleukin 6 levels in adenotonsillar tissue wawerelevated in patients with both chronic
recurrent tonsillitis and adenotonsillar hypertrglausing obstruction than in patients with
adenoid hypertrophy. Thus elevated interleukinv@lie are a mark of chronicity of the disease.

The use of topical nasal steroids leads to redildgtevels thus are an effective medical
treatment for adenoid hypertrophy. The use of antihistamines did not significantly affect IL6
levels. The study has introduced local levels t#rirukin 6 in adenotonsillar tissue that can be

used as for future reference.

RECOMMENDATIONS

A follow up study should be carried out with sevgnainflamatory and anti-inflamatory
cytokines to get a wider picture of the subcell@eents to allow for future immunomodulation
that would lead to alternative medical treatment saduced number of patients undergoing
surgery. A follow up study on the relationshipveeén atopy and adenotonsillar hyperplasia and
chronic recurrent tonsillitis should be carried passibly using tissue and serum inflammatory
cytokines and skin prick tests. In this study gmel post operative tissue and serum cytokine
levels should be measured to evaluate the effemti@hotonsillectomy on cytokine levels and

local imunity.

Studies should be carried out on inflammation stnsils and the specific effect of medication

to tonsillar size separate from adenoid hypertrogghpasal steroids are most effective on
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adenoid tissue rather than palatine tonsils. Thightrpave the way for topical medication for
tonsillar hypertrophy and chronic recurrent toiitssll

Studies have shown that intranasal antihistaminels as azelestamine and leukotrine inhibitors
such as monteleukast are effective in treating @demypertrophy. These medications should be

made more widely available and patients educateti&in benefits.
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APPENDIX 1
CLIENT INFORMATION

Adenoids are tissue located behind the nose winlgils are found inside the mouth. They are

useful in protecting the body against infection afidrgies. Their surgical removal is
necessitated when they significantly increaseza sausing difficulty in breathing which is
referred to as adenotonsillar hyperplasia. They atsy get repeated infections which is referred
to as chronic recurrent tonsillitis.

. Why isthe study being done?

The study is being undertaken to help us to battderstand the factors that contribute to the
causation and worsening adenoid and tonsillar gataent and recurrent tonsillitis. Interleukin
6 is a substance produced by cells that aids rtifig constant tissue swelling due to recurrent
infection and allergies. The data will contribtderesearch activities that may one day
contribute to preventive treatment and earlier nliegs of patients for surgical treatment and

those in whom medical treatment is sufficient.

. Who will participatein the study?
Patients undergoing adenotonsillar surgery dudstroctive symptoms or Chronic recurrent
tonsillitis.

How many people will participate?
83 patients will be enrolled in the study

. What does this study involve?

If you agree to participate in the study; you W@ required to answer a few questions by an
ENT resident and undergo physical examination. rAfies you will undergo the surgery;
adenoidectomy, adenotonsillectomy or tonsillect@ayndicated. You will be allotted a study
number. The extracted tissue will then be useds$ess the level of interleukin 6 and its role in

adenotonsillar enlargement and recurrent tonsidinalyzed.

. What aretherisks of the study, and will your participation affect your child?
.The study does not affect the child negativelgny way because:

1. All the information you give will be confidentia
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2. The study does not reveal individual identity
3. The conclusions drawn from the study shall guido improve the management

adenotonsillar enlargement and recurrent tonsilliti

Arethereany hidden dangersin your participation or non-participation?

None whatsoever
Objecting to any part or whole of this study wilitraffect the quality of care you receive.

What do we do with the infor mation we get
The information we get may not be of immediate fieteyou but it will help us in the long

run in managing the condition better.

Like all scientific information we will seek to steaour findings with other people
undertaking similar studies. Therefore we may mlbdur findings in scientific journals or

present them in scientific meetings.

If you require discussing this matter with the finar friend you are free to do so and we
will be ready to answer any questions. If you atestied with our explanation and willing to

participate, then please sign the consent formvbelo

In any case a child is found with some issuesedlat his health,this matter will be taken

into consideration. A recommendation to the Dosfmecialist will be given for close follow-up.
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6. What arethe benefits of participating in the study?
The study may not benefit you directly but it vahable researchers to develop improved less

invasive treatment modalities for adenotonsilldasgement and recurrent tonsillitis.
Participants in the study are entirely voluntargd gou can get out at any stage of the study

without you having to justify your decision. No #aization of any participant who withdraws

from the study will be permited.
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APPENDIX 3: KIELEZO

Madhumuni ya utafiti huu

Utafiti huu unafanywa kuangazia chanzo cha kuvikia tonsils na adenoids na haswa
maaambukizi yake sugu. Interleukin 6 inazalishwayembe vya tonsils na adenoids ili
kusuaidia kupambaae na uvimbe unaosababishwaus ma vijidudu nyingine
vinavyohusika.Utafiti huu utasaidia kuchangia kweelewa chanzo na kiini cha maambukizi
haya na kuangaza njia ya kutambua mapema na kugaigwa wa maambukizi ya tonsils na

adenoids.

Watu gani wanapaswa kushiriki kwa utafiti huu?
Wale ambao wanakisiwa kushiriki kwa utafiti huuwale wanaougua mara kwa mara au kisugu

na ugonjwa wa tonsils na adenoids. Lakini kushkikao ni kwa hiari yao.

Kiwango Cha watu watakaoshiriki kwenye utafiti huu
Ni watu wasiopungua 83 watakaohitajiwa kushirikikwe utafiti huu lakini itakuwa ni kwa

hiari yao.

Sera Za Utafiti huu

Ukikubali kushiriki katika utafiti huu kwa kutoalkali chako mwenyewe au kwa hisani ya
mwana, utatatarajiwa kujibu maswali kadhaa yatakbzwa na daktari. Utatazamwa kiafya
kikamilifu na kufanyiwa ukaguzi wa kawaida wa dama wale wanaotarajiwa kushiriki
upasuaji. Baada ya upasuaji wa adenoids na tougisnde hivyo vya nyama vilivyongolewa
vitaelekezwa kwa chumba cha ukaguzi cha laboratarkupekuliwa na kukaguliwa kuhusu
kiwango cha IL6 na uhusiano wake na ugonjwa wailona adenoids.

Je, kuna dhara au faida yoy yote inayohusika na utafiti huu ?

Hakuna yoyote atakayo adhiriwa na sera na mikaigatitafiti huu. Kili mhusika anaweza
kujiondoa kwenye utafiti wakati wowote, au kutoghiikamwe. Isitoshe, hakuna lawama au
adabu yo yote itakayomkabili ye ypte atakaye thulkwipinga utafiti huu. Licha ya haya, kila
mgonwa awe au asiye mshiriki atapata matibabu sewam ugonwa wa tonsils na adenoids na
matibabu haya yatakuwa sare kwa kila mtu ahusikeisike.

Habari za uvumbuzi wo wote zitakazotokea kwenyétubaiu pengine haitakufaidi kibinafsi

lakini itawapa madaktari maarifa zaidi yatakayolsbeena kuendeleza matibabu ya kuvimba
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kwa tonsils na adenoids, kukoroma na hata kushirdyamua wakati walioadhiriwa wakiwa
usingizini.

Kuna uwezekano kwamba matokeo ya utafiti huu uggishava kwa majarida ya kisayansi au
kujadiliwa kwenye kongamano ya madaktari. Lichahggo, washika dao wote, kama wewe,
wanapata fursa ya kudokezwa kibinafsi au kwenyeazetyya kawaida, kwa njia ta radio,
televisheni au mtandao wa internet, au barua pepest matokeo haya.

Ukihitaji majadiliano zaidi na jamaa yako, famiia marafiki zako kuhusu utafiti huu,una uhuru
wa kufanya hivyo kwani kushiriki kwenye utafiti huntkwa hiari yako na dhati na niko tayari
kujibu maswali yo yote yatakayotokea. Ukiridhikamaelezo yangu na kuamua kushiriki,
utapaswa kunipa idhini ya kukuhusisha kwenye utafitt kwa kuweka sahiihi kwenye form
spesheli iliyowekwa kwa madhumini ya huu utafiti.

Igundulikana kwamba mshiriki kwa bahati mbaya anikpaa na shida ingine ya afya
usiyotarajiwa, shida hilo, liwalo lile, litashugkiliva na daktari gwiji wa ugonjwa huo mpya bila

ubaguzi wowote.
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APPENDIX: 4
CONSENT FORM:

L Of i e eevene . hereby give consent taeb

included in this study. | understand that the maleollected may be used for future research. |
have understood the objectives of this study ataseiy role as a participant. They have been
explained to me and | have had the opportunityskocauestions and any concerns | had been
adequately explainedtome by Dr. ..........coiiiiiiiniinnn.

Date................... Signed....................

IDr.........eeeneo.........confirm that | have explained to tpatient the nature of the study and

that the material collected may be used for futasearch.

Date...................signed.........coceeveennnn.

KUKUBALI KWA MGONJWA:

(Watu wazima) Mimi...............oooLkutoka.

(Watoto) Mimi ..o MZAZI WA .o.ivieieieiie e e eennes

nakubali kushirikishwa kwa utafiti huu ambao lergke nikufanya utafiti kwa viongo vya
adenoid na tonsil. Nimeelezewa kiunaga na daktmeelewa wazi kwamba vipande vya
nyama vitakavyotolewa kutoka koo vitatumiwa kwafititaNimepewa fursa ya kuuliza maswali
yanayohusu utafiti huu na kafafanuliwa wajibu wanguhaki zangu katika utafiti huu.

Nime elezewa na dakatri...................

Tarehe:....................... sahihi...................
Mimi daktari................... nahakikisha ya kwamba nimeme&azangonjwa juu ya utafiti huu.
Tarehe................... Sahihi......................

APPENDIX 3: HISTORY AND EXAMINATION
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A. BIODATA

1. Initials: ... ID number
2. Sex male femd
3. Age

B. HISTORY:
1. Recent URTI 1 week prior to surgery YE

2. Medication use last 1 month prior to surgery:
a) Topical nasal steroids:
YES NO

b) Antibiotics:
YES NO

c) Antihistamines
YES NO

1. General examination

Good condition C

Pallor
YES NO

Jaundice
YES NO

Cyanosis
YES NO
Edema
YES NO
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2. Tonsil grade: 1

INDICATION FOR SURGERY:

A) adenoid hyperplasia adenotonsillar hyperplasiahromic recurrent tonsillitis
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APPENDIX 4

IMPLEMENTATION TIMETABLE:

PERIOD

ACTIVITY

September to November 201 Proposal writing

November to December 2011 Presentation of the gaifathical approva

January 2012 to April 2012

Data collection, aniglgsd report writing

May 2012

Presentation of results and submission.

BUDGET:

CONSIDERATION UNIT | QUANTITY | UNIT COST | TOTAL COST
(Ksh) (Ksh)

Biostatician 25,000/=
Printing paper 20 400 10000/=
Immunoserological tests 700% 90000
Contingency 25000/=
Total 150000
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APPENDIX 5
AssayM ax Human Interleukin-6 (IL-6) ELISA Kit

Principal of the Assay

The AssayMax Human IL-6 ELISA kit is designed émtection of IL-6 in human plasma,
serum or cell culture supernatants. This assay@mm@ quantitative sandwich enzyme
immunoassay technique that measures IL-6 in less%thours. A murine monoclonal antibody
specific for human IL-6 has been pre-coated ontocioplate. IL-6 in standards and samples is
sandwiched by the immobilized antibody and a bydéted polyclonal antibody specific for
human IL-6, which is recognized by a streptavidangxidase conjugate. All unbound material
is then washed away and a peroxidase enzyme stghbistedded. The color development is

stopped and the intensity of the color is measured.

Caution and Warning

* Prepare all reagents (working diluent buffer, wash buffer, standards,

biotinylatedantibody, and SP conjugate) as instructed, prior to running the assay.

* Prepareall samplesprior torunning the assay. The dilution factorsfor the samplesare
suggested in this protocol. However, the user should deter mine the optimal dilution factor.

* Spin down the SP conjugate vial and the biotinylated-antibody vial before opening and

using contents.

* This kit is for research use only.  The kit glibnot be used beyond the expiration date. « The

Stop Solution is an acid solution.

Reagents

*|L-6 Microplate: A 96 well polystyrene microplate (12 strips of 8li8) coated with a murine
monoclonal antibody against IL-6.

Sealing Tapes. Each kit contains 3 pre-cut, pressure-sensitiverggtapes that can be cut to
fit the format of the individual assay.

e |L-6 Standard: Human IL-6 in a buffered protein base (2 ng, lydipad).

Biotinylated IL-6 Antibody (50x): A 50-fold concentrated biotinylated polyclonal &aidly
against IL-6 (120 pl).

e MIX Diluent Concentrate (10x): A 10-fold concentrated buffered protein baser8pD
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e Wash Buffer Concentrate (20x): A 20-fold concentrated buffered surfactant (30 2nl
bottles).
e  Streptavidin-Per oxidase Conjugate (SP Conjugate): A 100-fold concentrate (80 pl).
e Chromogen Substrate: A ready-to-use stabilized peroxidase chromogéistsate
tetramethylbenzidine (8 ml).
e Stop Solution: A 0.5 N hydrochloric acid to stop the chromogabstrate reaction (12 ml).

Storage Condition
. Store components of the kit at 9s0r -2Pc upon arrival up to the expiration date.

. Store SP Conjugate and Biotinylated Antibody aPe
. Store Microplate, Diluent Concentrate (10x), W8slifer, Stop Solution, and Chromogen

Substrate at 2%
e Opened unused microplate wells may be returnéletdoil pouch with the desiccant packs.

Reseal along zip-seal. May be stored for up to @itmo a vacuum desiccator.
. Diluent (1x) may be stored for up to 1 month &£z,

- Store Standard at 28 before reconstituting with Diluent and at Oppafter reconstituting
with Diluent.

Other Supplies Required
e Microplate reader capable of measuring absorband&0 nm
e Pipettes (1-20 pl, 20-200 pl, 200-1000 pl and mikgltchannel)

e Deionized or distilled reagent grade water

Sample Coallection, Preparation and Storage
e Plasma: Collect plasma using one-tenth volume of 0.1 M goudcitrate as an
anticoagulant.

Centrifuge samples at 2000 x g for 10 minutes asadya The undiluted samples can be stored at

-209C or below for up to 3 months. Avoid repeated Ze=thaw cycles. (EDTA or Heparin can
also be used as anticoagulant.)
e Serum: Samples should be collected into a serum sepatdier After clot formation,

centrifuge samples at 2000 x g for 10 minutes. &®enserum and assay. Store serum at -
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20°C or below. The undiluted samples can be store2d3€E or below for up to 3 months.
Avoid repeated freeze-thaw cycles.

Cell Culture Supernatants: Centrifuge cell culture media at 2000 x g for 1(uates to

remove debris. Collect supernatants and assaye Samples at -5 or below. Avoid

repeated freeze-thaw cycles.

Reagent Preparation
e Freshly dilute all reagents at room temperatuferbeuse.
M1X Diluent Concentrate (10x): If crystals have formed in the concentrate, n@rtty until

the crystals have completely dissolved. DiluteNti¥ Diluent Concentrate 1:10 with reagent

grade water. Store for up to 1 month a8

Standard Curve: Reconstitute the 2 ng of human IL-6 Standard withl 2f MIX Diluent to
generate a solution of 1 ng/ml. Allow the standardit for 10 minutes with gentle agitation
prior to making dilutions. Prepare duplicate gplicate standard points by serially diluting
the IL-6 standard solution 1:2 with equal volumeéwKX Diluent to produce 0.5, 0.25, 0.125,
0.063, 0.031, 0.016 and 0.0078 ng/ml. MIX Dilusetves as the zero standard (0 ng/ml).

Any remaining solution should be frozen at%0

Standard Point  [Dilution [IL-6] (ng/ml)
IP1 Standad (1 rg/ml) + 1 part MIX Diluen |0.50(
[Pz 1 pert P1 + 1 prt MIX Diluen 0.25(
[Pz 1pert P2 + 1 prt MIX Diluen 0.12¢
(P4 1 pert P3 + 1 prt MIX Diluen 0.06°
[PE 1pert P4 + 1 prt MIX Diluen 0.03]
[Pe 1 pert P5 + 1 prt MIX Diluen 0.01¢€
[P7 1 pert P6 + 1 prt MIX Diluen 0.00¢
[Pe MIX Diluen 0.00(

Biotinylated IL-6 Antibody (50x): Spin down the antibody briefly and dilute the degir
amount of the antibody 1:50 with MIX Diluent. Amngmaining solution should be frozen at -
20%

Wash Buffer Concentrate (20x): Dilute the Wash Buffer Concentrate 1:20 with redgen
grade water.

SP Conjugate (100x): Spin down the SP Conjugate briefly and dilute tbsittd amount of
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the conjugate 1:100 with MIX Diluent. Any remaigisolution should be frozen at %

Assay Procedure

Prepare all reagents, working standards and samaplestructed. Bring all reagents to room

temperature before use. The assay is performexbat temperature (ZO-QCI).

Remove excess microplate strips from the plat@dérand return them immediately to the
foil pouch with desiccant inside. Reseal the pasmturely to minimize exposure to water
vapor and store in a vacuum desiccator.

Add 50 pul of Standard or sample per well. Covelisvand incubate for two hours. Start the
timer after the last sample addition.

Wash five times with 200 ul of Wash Buffer manyalhvert the plate each time and decant
the contents; hit it 4-5 times on absorbent papeet to completely remove the liquid.

If using a machine wash six times with 300 pl ofsSN&uffer and then invert the plate,
decant the contents; hit it 4-5 times on absorpaper towel to completely remove the
liquid.

. Add 50 pl of Biotinylated IL-6 Antibody to each Wand incubate for two hours.

. Wash the microplate as described above.

Add 50 pl of Streptavidin-Peroxidase Conjugatewelt and incubate for 30 minutes. Turn
on the microplate reader and set up the prograadwance.

. Wash the microplate as described above.

Add 50 pl of Chromogen Substrate per well and liate for approximately 12 minutes or till
the optimal blue color density develops. Gentjyttze plate to ensure thorough mixing and
break the bubbles in the well with pipette tip.

e Add 50 pl of Stop Solution to each well. The calall change from blue to yellow.
Read the absorbance on a microplate reader atelemgth of 450 nnmmediately. If
wavelength correction is available, subtract regslist 570 nm from those at 450 nm to correct
optical imperfections. Otherwise, read the platé=t nm only. Please note that some unstable
black particles may be generated at high concemtragbints after stopping the reaction for

about 10 minutes, which will reduce the readings.

Data Analysis
e Calculate the mean value of the duplicate oritghe readings for each standard and
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sample.

e To generate a Standard Curve, plot the graph dsagtandard concentrations on the x-axis
and the corresponding mean 450 nm absorbance gratkis. The best-fit line can be
determined by regression analysis of the lineatigroof the curve.

e Determine the unknown sample concentration froenStandard Curve and multiply the
dilution factor.

Standard Curve
A standard curve should be generated each timastsey is performed.

Performance Char acteristics

e The minimum detectable dose of IL-6 is typicall®.008 ng/ml.

e Intra-assay and inter-assay coefficients of vemmetvere 4.9% and 7.5% respectively.
e This assay recognizes both natural and recombmanan IL-6.

Linearity

Aver age Per centage of Expected Value
Sample Dilution  |[Plasma Serum
No Dilution 6% Q7%
1.2 Q9% 102%
1:4 102% 103%
Recovery
Standard Added Value 0.01-0.2ng/ml
Recovery % 8S-1112%
Aver age Recovery % 97 %

Cross-Reactivity

Species % Cross Reactivity
Carine None

Bovine <2

Monkey None

Mouse None

Ral None

Swine None

Rablit None
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