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Abstract

Sialic acids are nine carbon acidic sugarsipi found as the terminal residue of cell surfaggar chains as
well as on secreted glycoproteins and in the esthalar matrix. Structural diversity and unique aségic
location of sialic acids (Sias) on the cells malkent one of the most important molecules in life aptl the
challenges for sialoglycobiologist. An importantcéd of Sia biology is the function of Sia-binding
immunaoglobulin-like_lectins (Siglecs), receptorattiare largely expressed across the major leukdiogages to
mediate important innate and adaptive immune fonsti

A postulated autoimmune aetiology of endomeisiaterives from reports on increased polyclonaleB-c
activity, abnormalities in function of B and T ell, high B-cell and T-cell counts, and reducetlinad-killer-
cell activity.Also, high serum concentrations of lgutoantibodies . Sialic acid binding immunoglatsil(lg)-
like lectins (siglecs) belong to I-type lectin withselective expression on the haematopoeticinelidges. These
have amazing structural diversity to recognize amedract with an array of linkage-specific sialicids on a
glycan structure express on host cells as welladisogen. Fourteen human and nine murine sigleos alagady
been identified and the list is still increasingnate immune system is the first line of defensghved during the
years of evolution. This is responsible for coringl and clearing invading pathogens. The resdlth® present
study indicate that Sialic acid is a novel biocheahimarker related to the immune pathological attens of
endometriosis as shown in G1 and G3 . Also, thelteeshowed the role of zoladex in alteration imeun
responses as shownG@2.

Keywords Sialic acid . endometriosis . immunoglobulinsitcdmmune diseases.
1.0 Introduction

Endometriosis is a common benign chronic -aimfinatory gynecologic disorder (1,2), defined tlas
presence and proliferation of functional endoméglands (endometrial - like tissue ) outsidehe normal
location (uterine cavity) , (1,3,4,5) , mainly casgain and infertility (6). Endometriosis getsntsne from the
word endometrium, which is the tissue lining therus (womb) (7). The humoral immune response mplaax
endometriosis in general terms, in accordance thighcharacteristics of an autoimmune disease(8,9)

Although most women experience retrograde menstmyatvhich may play a role in the seedling and
establishment of implants, few develop endomesiddence , menstrual tissue and endometrium theflisced
into the peritoneal cavity is usually cleared byriome cells such as macrophages, natural killer @&}, and
lymphocytes. For this reason, immune system dysifumés one likely mechanism for the genesis of
endometriosis in the presence of retrograde meatetru(1)

Immune alterations include increased numberaamigtation of macrophages, decreased T cellsivgcind
NK cells cytotoxicity, increased circulating antiies and changes in the cytokine system (12). ibkilter
cells are immune cells that have cytotoxic actigigjainst foreign cells. Humoral immunity has alsefshown
to be altered in affected women and is suggestethioa role in the development of endometriosiere€ is
substantial evidence that immunologic factors plagle in the pathogenesis of endometriosis and
endometriosis-associated infertility. Decreasednakiller cell cytotoxicity leads to an increadéclinood of
implantation of endometriotic tissue and modulatibgrowth and inflammatory behavior of ectopic
endometrial implants Indeed , the immune system of the body consists@fmajor components. B
lymphocytes and T lymphocytes. The B lymphocytesraainly derived from bone marrow cells in higher
animals. The T lymphocytes are of thymic origineTcells are responsible of the synthesis of titing
humoral antibodies , also known as immunoglobiadnpgnunoglobulins (Igs) are also called antibodisss).

! This paper is a part of PhD. thesis of the fsthor.
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Immunoglobins , glycoproteirteat comprise antibody molecules and having pattefrmolecular structure
(antigenic determinants) , play a major role intlbelys defense mechanisms, and produced in respmnse
foreign substances entering the living body- amisger immunogens , binding to them and formingggmti
antibody complexes(11).

Sialic acids (Sias) (N-acetyl neuraminic acaie a diverse family of monoaccharaides. Theyatesual
sugars with a shared nine-carbon backbone thatidedy expressed on the surfaces of all cells lim@imals of
the deuterostome lineage .Given their remarkablersiity in structure, glycosidic linkage, and urigieg
glycan chains, as well their exposed locatiors iat surprising that Sias have numerous rolesainynaspects
of immunology (12,13).

In particular , Sialic acid is a marker of theute-phase response, because many of these igi{@ap have
sialic acid as the terminal sugar on their oligabacide chain. Serum sialic acid is almost comple(@9%)
bound to glycoproteins and lipids (13). In thisamt), sialic acid binding immunoglobins (Ig)-likectins
(siglec) has a recently been shown to be assocvaitbdcell death regulation of myeloid cells. &igs play a
particular role in cell death regulation under amfimatory conditions. Siglecs contribute to the témdn of
innate immune responses by regulating the life spameutrophils and eosinophils , therefore addaio
knowledge about the role of siglecs under inflamomatonditions may provide important new insighis the
pathogenesis and treatment of infectious and autoine diseases (14). Moreover, Several studies have
suggested that terminal sialic acid residues onFgGglycans ( Fc :- fragment crystallizable regjamediates
anti-inflammatory responses (15).

In fact , in chronic and autoimmunity disorderaberrant glycosylation can be an effective diatjocand
prognostic marker (16).

2.0 Material and method ( Experimental)
2.1 Subjects

Seventy five (75) consecutive women patient ofadpctive age (25-40) years were enrolled in thislys, who
attended departments of Gynecology and obstetatzxted to the following hospitals : Baghdad teaghi
hospital / Medical city , Al-Yarmook teaching haspiand Kamal Al-Samarray hospital from April to tOloer
2013. Patients were divided into three groups ourl (G1) included (25) endometriotic patientd #ra newly
diagnosed. Those patients don’t administrate aggtriment or anti-inflammatory medications. Secormly :
group 2 (G2) consist of (25) endometriotic pdtieho treated with zoladex for 3 to 5 months , thegeived
zoladex injection every 28 day after the date afjdbsis. The third group: group 3 (G3) involve8)(Ratient
with reccurent endometriosis , they were post meat of zoladex and diagnosis revealed recurraice
endometriosis. Patients groups were compared withcontrol groups , with matched age with Patiegitsups
. The first control group (C) included (25) healthgmen , and the second control group or pathotbgiontrol
group (PC) involved (25) women suffering from infily caused by gynecological disorders unrelated
endometriosis.

2.2 Blood sampling and Parameters Determination

Five milliliters ( 5 mL) of venous blood werellgzted from the all subjects enrolled in thisdsty placed into
plain tubes until coagulation was performed uBewas separated from blood cells by centrifugasibrd000
r.p.m . The sera obtained and divided into smaitipns and kept frozen until analysis Determination of
serum Imunnoglobin G ( IgG) and Imunnoglobin A A)devels ( mg / dL) and Imunnoglobin M ( IgM) lege
was done by by radial immunodiffusion plate, d#img in agrose gelcontaining a specific antibody farm
an immuno-complex, visible as a ring around thel.w&he ring diameter is direct proportional to the
concentration of the analyzed protein. The propartiorresponds to the diffusion time. In fact treg end (72
hours) , the square of the diameter will be indinproportion to the concentration.

On the other hand , the quantitative sandwiddyme immunoassay (ELISA) technique was employedthi®
determination of Sialic acidntibody specific for Sia has been pre-coated @ntaicroplate. Standards and
samples are pipetted into the wells and any Sesgnt was bound by the immobilized antibody. Aféenoving
any unbound substances, a biotin-conjugated antibpecific for Sia is added to the wells. After Wing),
avidin conjugated Horseradish Peroxidase (HRP)asdaed to the wells. Following a wash to remove any
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unbound avidin-enzyme reagent, a substrate solutamadded to the wells and color develops in ptapoto
the amount of Sia bound in the initial step. Thibcdevelopment is stopped and the intensity ofcibler is
measured.

2.3 Statistical Analysis

The results expressed as mean + SEM. Studentswassapplied to compare the significance of tliedince
between all the studied groups. P-value (p<0.0%)k0.001) considered statistically significantdrghly
significant respectively.

3.0 Results

Table (1) shows the sera levels of some biocta&imiarameters in the studied groups. The resulis this
study revealed that 1gG levels were highly sigaifit increase (p<0.001) in G1 (1660+155) mg /dinjgared
with group C(1039+42) mg/dL, while no significantrease (p<0.05) was observed in G1(1660+155) ing /d
compared with PC group(1428+124) mg/dL , in G2(H2823) mg/dL compared with C group(1039+42) mg/dL
,and in G1 (1660+155) mg/dL compared with G3{#2B) mg /dL. Also , there was no significant d&ge
(p>0.05) in G2(1282+213) mg/dL compared with G1(1668&}1mg /dL.

IgA levels were highly significant increase (p8@L) in G1 (401+16) mg/dL compared with groups C
(293+22) mg/dL and PC (305+13) mg/dL, while sigediint decrease (p<0.05) was noticed in G2 (301+42)
mg/dL compared with G1(401+16) mg/dL. Also, thererevno significant difference ¥p.05) in G2 (304+42)
mg / dL compared with C group(293+22) mg/dL, wherkagh significant decrease (p<0.001) observeddn G
(349+19) mg/dL compared with G1(401+16) mg/dL.

Our results also implied that IgM levels werghlly significant increase (p<0.001) in G1 (33247¢/dL
compared with groups C (140+12) mg / dL and PC £584 mg/dL ,while high significant decrease (p<@0
was observed in G2 (136+25) mg/dL compared with332£7) mg/dL. Also there were no significant
difference (g0.05) in G2(136+25) mg/dL compared with group CO#&%2) mg / dL. Moreover , there were
high significant decrease (p<0.001) in G3(241+1§)dh and compared with G1(332+7) mg/dL.

Sia levels were high significant increase (p8Q)tand significant increase (p<0.05) in G1(43.248)mL
compared with groups C(35.5+1) pg/mL and PC (36)2u/mL respectively, while high significant decsea
(p<0.001) was found in G2(34.8+3) pg/mL comparethv@1(43.2+2) pg/mL. Also , there were no significa
differences (p0.05) shown in G2(34.8+3) pg/mL compared with C$33) pg/mL group and in G3(41.312)
pg/mL compared with G1(43.2+2) pg/mL.

Table 1 Levels of Immunoglobulin G , Immunogloloufi , Immunoglobulin M and sialic acid in seratloé
studied groups.

Mean Mean Mean Mean Mean PC Glvs
Cvs Gl Cvs G2 Glvs
Parameter +SEM +SEM +SEM +SEM +SEM vsG1 G2
T.Test T.Test G3
C PC Gl G2 G3 T.Test T.Test
T.Test
103¢ 142¢ 166( 1282 1441
4G + 42 +124 +155 +213 +78 H.S N.S N.S N.S NS
g (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) ’
19A 293 305 401 301 349 H.S
9 +22 +13 +16 +42 +19 H.S H.S S N.S !
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
140 204 332 136 241 H.S
IgM 12 +56 +7 25 +15 H.S H.S H.S N.S
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
35.5 36.2 43.2 4t 41.3
Sia +1 +1 2 3 2 H.S s H.S N.S N.S
(ng/mu) | (pg/muy | (RO/MD 1 (RTMD gy
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40 Discussion

Although the pathogenesis of endometriosis lsren clearly defined, abnormal levels of immagstem
cells, including macrophages, dendritic cells aatural killer cells, have been observed within #elominal
cavities of patients with endometriosis. These s¢eflowever, are unable to detect and eliminate pecto
endometrial cells. Moreover, immune system cellthanabdominal cavity were found to be dysfunctidaa).

The immune system has been shown to play a signifiole in the pathogenesis of endometriosis. ase
these recent findings, endometriosis is startingbéo treated as an autoimmune disease (18).However ,
complicated reactions may occur within the abdomtavity, due to endometriosis- induced secretion o
reactions of immunoglobulins and cytokine (17).

Indeed , We have evaluated endometriosis immgicady by analyzing the expression of some biodlsam
parametrers including immunoglobulins and sialidaéccumulating evidence suggests that systemizell
activity influences the pathogenesis of endomagidsatural killer (NK) cells are also altered indemetriosis.
Sera from women with endometriosis have been showaduce (NK) cell activity . This reduction intedy is
probably caused by monocyte or macrophage secsetiat modulate immune and nonimmune cells. Intahdi
to alterations in T cell function, many recent fimgs have shown that B-cell function is altere@&ntometriosis
patients as evidenced by abnormal antigen—antibealstion and increased B cell function. In thigarg , anti-
endometrial antibody (IgG) has been detected énseira of endometriosis. (18). Moreover , 1gG imarily
involved in chronic inflammation and autoimmuneaténs (17). For the reasons mentioned abov& ,léyel
was high significant elevated in G1 compared witlyrGup . Our results are also in agreement withecgnt
study which revealed that Autoantibodies againist antigen have been observed in other autoimrdissases
like endometriosis.These results also revealed lgf@t were identified in patients with endometriosiben
compared with controls . The assay for antibodigairst these proteins may be used for diagnosing
endometriosis (9).

On the other hand , the non-significant diffeeentigG level between G1 and PC reflect that héylel of IgG
is associated with disorders causing infertility this way ,a recent study have mentioned thatigg@volved in
adaptive immune responses, in patients with anldowttendometriosis (17).

IgG autoantibodiy play a role against endomktiad ovarian tissues and elevate in the sera fettefl
women (1). In contrast, IgG level was depreseezkra of patients after treatment with zolades shown in
G2 compared with G1.

Previous studies support our findings , reveaiitat GnRH (including zoladex) reduce inflammatargctions
and exerts potent effects on the immune systemid8gs, zoladex may reduce adhesions caused by
inflammatory responses(19-21). Anyway , these adhesare associated with moderate and sever cdses o
endometriosis. (22)

In accordance with (23,24) , endometriosis is@urrent disease. This suggestion confirms ouirfgerelated
to the non-significant variation of IgG level in @8@mpared with G1 , revealing that immunologicalodders
have come back again

Indeed , when B cells differenciate into plasmdsgehe initial immunoglobulins produced includeAlg
which is primarily involved in mucosal immunity. &4ious findings showing that the concentration spacific
IgG autoantibody was increased in the peritonegd fbf patients with endometriosis and endometgiahdular
epithelial staining for both IgG and IgA was sigedintly increased, suggests that endometriosis beayn
autoimmune disease. Broadly , Immunoglobulins awypced following a process called “class-switching
Thus, various antibodies can be present in thagmeral cavity in the absence of any exogenous tiofe¢17).
These explanations are also agreed with our firdisigce IgA level was high significant increaseGi
compared with C group . On the other hand , tha kignificant increase of IgA in G1 compared witB §roup
reflect that IgA is a biochemical marker linkedetadometriosis regardless of infertility disorder.

In accordance with (17) , IgA is primarily idved in mucosal immunity. Hence , immune aspects of

endometriosis reveal the of the uterine mucosalumersystem (25).Further , IgA have been detectdideirsera
and vaginal and cervical secretions of endometripatients(18).
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Otherwise , the significant decrease of IgA in @hpared with G1 and non- significant variation bedw G2
and C group highlight the reactive role of zoladexeducing immunological responses , in part poesible for
the pathgenesis of endometriosis (20) , the highifstant decrease in IgA level in G3 compared vith reflect
that mucosal immunity related to IgA may be lesaaamal with recurrent cases, but immune systentilis s
abnormal (1,2).

Immunoglobulins are involved in the adaptiveriome response , in patients with endometriosigideéarily,
IgM is primarily involved in acute inflammation (L7Since endometriosis is an inflammatory dised4¢?),
IgM level was high significant elevated in G1 comgzhwith C group . Our findings are also in agreenveth
previous studies , which revealed that high serwmcentrations of IgM is associated with autoimmune
aetiology of endometriosis (18, 26).

On the other hand , the high significant efiewveof IgM level in G1 compared with PC group ralvéhat high
level of IgM may specially associated with endomosis regardless of general cases of infertility.
Endometriosis may cause acute disorders (27) , igldrimarily involved in acute inflammation (17)aRen
together , IgM can be considered a good biochemieaker of endommetriosis.

The high significant decreasing of IgM in G@&wpared with G1 and the non-significant differebetween
G2 and C group indicate the crucial role of zolade regression the inflammatory nature responsfble
adhesions in moderate and sever cases of endosie{{2®). Moreover , zoladex as a GnRH is able aokedly
reduce the inflammatory reaction (19).

However, the high significant decrease of Id&tel in G3 compared with G1 indicate that acute
inflammation linked with IgM may be less sever @turrent cases but inflammatory disorders are atedtin
all cases. (1,2)

Sialic acids are nine carbon acidic sugapicfly found as the terminal residue of cell sagfaugar chains
as well as on secreted glycoproteins and in theaesflular matrix. Structural diversity and unigstategic
location of sialic acids (Sias) on the cells makem one of the most important molecules in life aetl the
challenges for sialoglycobiologist (28). An impatafacet of Sia biology is the function of Sia-himgl
immunoglobulin-like_lectins (Siglecs), receptorattare largely expressed across the major leukdiogages to
mediate important innate and adaptive immune fonsti(29)

Since endometriosis is a chronic — autoimmuneadis , (1,9). Consequently , Sialic acid level Wi
significant elevated in G1 compared with C grouprtermore, the significant increase in sialic aoidsroupl
(G1) compared with PC group supports that infertilemen suffering from immunological / inflammatory
disorders (30) Indeed , glycans exert their biaabinfluence in three ways. they are targets émognition by
glycan-binding proteins (GBPs). Recognition of glgs by GBPs plays a central role in cellular comigation
and cell trafficking. These interactions pervadergymulticellular system and have been much exgdlareareas
such as immunology (e.g.siglecs) (31). AlthougHesig were identified in early eighties, not muchrkvbas
been done to explore the consequences of sialits agquisition by various pathogens and their autions
with immune system in sialic acids-siglec dependeainer in promoting infection or mediating immune
activation (28).

In fact , sialic acids function as a recogmitigites for various lectins and antibodies, indigathe unique
nature of the molecule. Many immunological functoare attributed to sialic acids such as formatn
negatively charged barrier for host to reduce attton with pathogen and dampening the classicalternative
pathways of complement by selective depositionathggen surface (28).

In particular , glycosylation can also influenaatoimmunity by modulating the activity of key tdatory
components. For example, immunoglobulin G (IgGjamtty—mediated inflammation is associated with gmec
antibody glycoforms These autoantibodies form imengomplexes (IC) with self-antigens that in turivelr
inflammation via recruitment of complement and efife cells, subsequently leading to localized tisdamage.
Specific 1IgG Fc glycoforms are associated with t@hfation, binding of activatory IgG freeceptors (FdR),
complement activation, and severity of inflammatagsponse in various autoimmune diseases (31).This
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inflammation response may cause a defective " ingmaunreillance " that prevents elimination of theasured
debris and promote the implantation and growthnafoenetrial cells , in the ectopic sites (32).

Convesely , sialic acid level was significardlscreased in G2 compared with Group G1 , thesinfjsdeflex
the provital role of zoladex which is able to matke reduce the inflammatory reaction , regress the
inflammatory nature responsible for adhesions , exelt strong immunomodulatory effects on the imewu
system. [18-20]. In this way , the non-significatifference in Sia level between G2 and control Gugr
indicates the biochemical action of zoladex.

Finally, the non-significant difference betwe®8 and G1 confirms that endometriosis is a rectrdésease
(23,24) because immunological and inflammatorypoeses have appeared agdinis reported that the
treatment of a GNnRH agonist, significantly suppeessndometriotic implant size but the implant sparbusly
returned to pre-treatment size later on in sitesrefthe autotransplatation and immunological dysfons took
place This suggests that hormonal treatment does nottteadcomplete suppression of endometriotic foc an
that recurring lesions appear to grow from thedwessl loci. It is reported that the treatment of @RBl agonist,
significantly suppressed endometriotic implant $zé the implant spontaneously returned to pretmeat size
later on in sites where the autotransplatation iemdune/inflammatory responses took place ag&imilarly ,
recurrence after surgery occurs because of in rsigmowth of residual endometriotic lesions or ceifst
completely removed in the surgery , growth of w$mopic endometriosis undetected at surgery or the
development of de novo lesions , or a combinatifahese(33).

5.0 Conclusion

Our study reported for the first time a positreéationship between sialic acid and pathogerasis
endometriosis. This suggest that sialic acid issmared a novel a novel biochemical marker for emetoiotic
pathients ( both newly diagnosed G1 and recugass) due to its diagnostic power. Also , thelteshowed
the role of zoladex ( as a medical treatment) ieration immune responses during the period ofriveat as
shown in all parameters in G2. Moreover , our firgdi indicated that endometriosis is now considarelronic
inflammatory disease , with inflammation not orilyited to peritoneal cavity, but also spread taesysc level
as signaled by elevated serum levels of sialic an@limmunoglobulins.

Finally , our observations related to autoimmurssdiers to be more common in women with endomégrios
supports the possibility that pathogenesis of eretaasis may involve a definitive immune responsthiese
patients , the next few years promise to be exgipieriod for research to find more biochemicalkaes linked
to immune dysfunctions in endometriotic patients.
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