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Lymphocyte Markers and
Proliferative Responses to Microbial

Antigens in Patients with Allergic Rhinitis

AABBSS  TTRRAACCTT    OObb  jjeecc  ttii  vvee::  Atopy is a condition of predisposition to allergic reaction to environmental aller-
gens, and T cells have a critical role in initiating and ending allergic responses. This study was conducted
to evaluate the T cell responses of atopic patients with allergic rhinitis who have allergen-hyperreactive
memory CD4 T cells in vitro. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Cell surface markers (CD3, CD4, CD8, CD19, CD28,
CD45RA, CD45RO, CD95, HLA-DR) were analyzed for T and B lymphocytes by flow cytometry using flu-
orescein isothiocyanate (FITC) or phycoerythrin (PE) labeled monoclonal antibodies. T cell proliferative
response assessing pokeweed mitogen (PWM), tetanus toxoid (TT), purified protein derivative of my-
cobacterium (PPD) and cytomegalovirus antigen (CMV) were examined by 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) reduction assay. RRee  ssuullttss::  Immune profile and lymphoproliferative
responses of 19 allergic rhinitis (AR) patients with positive prick skin test and nasal blockage, discharge,
sneeze, nasal or ocular itching (mean age 33.2 ± 8.4), and 10 healthy controls (mean age 31.6 ± 9.1) were
evaluated. CD3 and CD4 expression was higher in AR patients than in healthy controls. Memory
(CD45RO) and activated (CD28) T cell levels were higher, but lymphoproliferation to PWM, TT, PPD, and
CMV was decreased in AR patients. CCoonncc  lluu  ssii  oonn::  The high CD28 and CD45RO expression associated with
atopy symptoms indicated that immune reactions in AR patients tended to show an undesirable shift to-
ward Th2 skewed with high levels of allergen-reactive memory T cells. Consequently, the reduced lym-
phoproliferation to non-allergenic stimulants such as mitogens, bacterial and viral antigens in AR patients
may lead to reduced immune response capability to infectious agents. 

KKeeyy  WWoorrddss::  Al lergy and im mu no logy; an ti gens, CD4; 
lymphocy te pro li fe ra ti on po ten ti a ting fac tors

ÖÖZZEETT  AAmmaaçç::  Ato pi çev re sel aller jen le re kar şı a ller jik re ak si yon la ra yat kın lık du ru mu dur ve aller jik re ak si -
yon la rın baş la tıl ma sı ve sona erdirilmesinde T hüc re le ri kri tik ro le sa hip tir. Bu ça lış ma aller jene hi per re ak -
tif bellekli CD4 T hüc re le ri ne sa hip aller jik ri nit li ato pik has ta la rın in vit ro T hüc re ce vap la rı nı
de ğer len dir mek için ger çek leş ti ril miş tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  B ve T len fo sit le ri için hüc re yü zey be lir teç -
le ri (CD3, CD4, CD8, CD19, CD28, CD45RA, CD45RO, CD95, HLA-DR) flow si to met ri de fl o resan
izotiosiyanat (FITC) ve ya fikoeritrin (PE) işa ret li mo nok lo nal an ti kor lar kul la nı la rak ana liz edil di. T hüc -
relerinin pro li fe ra tif ya nı tı po ke we ed mi to jen (PWM), te ta noz tok so i di, mi ko bak te ri pü ri fi ye pro te in de ri -
ve si (PPD) ve si to me ga lavi rüs an ti je ni (CMV) kul la nı la rak 3-[4.5-di me til ti ya zol-2-yl]-2.5-di fe nil tet ra zo li um
bro mid (MTT) in dir ge me me to du ile de ğer len di ril di. BBuull  gguu  llaarr::  Bu run tı ka nık lı ğı, akın tı, hap şır ma, bu run ve -
ya göz de ka şın ma so run la rı olan ve de ri prick tes ti po zi tif 19 allerjik rinit has ta sı (yaş or ta la ma la rı 33.2 ± 8.4)
ile 10 sağ lık lı kon tro lün (yaş or ta la ma la rı 31.6 ± 9.1) im mün pro fil le ri ve len fo sit pro li fe ras yon ya nıt la rı de -
ğer len di ril di. CD3 ve CD4 eks pres yo nu allerjik rinit has ta la rın da sağ lık lı kon trollerdekin den da ha yük sek bu -
lun du. Allerjik rinit has ta la rın da bellekli (CD45RO) ve ak ti ve olmuş (CD28) T len fo siti dü zey le ri yük sek,
fa kat PWM, TT, PPD ve CMV’ye kar şı len fop ro li fe ra tif ya nıt lar dü şük bu lun du. SSoo  nnuuçç::  Ato pi be lir ti le riy le
bir lik te yük sek CD28 ve CD45RO eks pres yo nu, allerjik rinit has ta la rın da ki im mün re ak si yon la rın, yük sek
dü zey de ki aller jen-re ak tif bellekli T len fo sit le riy le ter cih edil me yen Th2 yö nü ne kay dı ğı nı gös ter miş tir. So -
nu ç ola rak, mi to je nik, bak te ri yel ve vi ral an ti jen ler gi bi a ller je nik ol ma yan uya ran la ra kar şı len fop ro li fe ra -
tif ya nıt ta göz le nen dü şüş, allerjik rinit has ta la rın da en fek si yon et ken le ri ne kar şı im mün ya nıt ka pa si te sin de
dü şü şe yol aça bil mek te dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Aller ji ve im mü no lo ji; CD4 antijeni; len fo sit stimule edici faktör
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topy is a chro nic di sor der of the no se in du -
ced by im mu nog lo bu lin-E (IgE) de ri ved re-
ac ti ons aga inst en vi ron men tal al ler gens.1,2

IgE-me di a ted inf lam ma ti on of the na sal mu co sa af -
ter ex po su re to one or mo re al ler gens is a cha rac te -
ris tic fe a tu re of al ler gic rhi ni tis.3 The re le vant
symptoms are sne e zing, cle ar and wa tery rhi norr -
he a, na sal con ges ti on, na sal or ocu lar itc hing. T
cells ha ve a cri ti cal ro le in initiating and ending the
al ler gic res pon ses.4 The be gin ning of T cell ac ti va -
ti on func ti ons as a trig ger for pro duc ti on of cri ti cal
cyto ki nes and es pe ci ally IgE, which start and ex-
pand the inf lam ma ti on. The stu di es ha ve shown
that Type 2 (Th2) cell sub po pu la ti on of CD4+ T
cells ha ve a ma jor ro le in atopy and Th2 pat terns of
cyto ki nes pro du ced by T lymphocy tes has be en ac-
cep ted as the pri mary ab nor ma lity of ato pic pa ti -
ents. The ma in cyto ki nes pro du ced by Th2
sub gro ups of ac ti va ted T cells are interleukin (IL)-
4, IL-5 and IL-13.5,6 This im mu ne res pon se is al so
cha rac te ri zed by a de fec ti ve pro duc ti on of in ter fe -
ron-γ (IFN-γ). On the con trary, ac ti va ti on of Th1
sub gro ups ca u se pro duc ti on of IL-2 and IFN-γ,
which ini ti a te the kil ling of vi ru ses and ot her in tra-
cel lu lar or ga nisms by ac ti va ting mac rop ha ges and
cyto to xic T cells.7

Considering the se da ta, it is pos sib le to pos tu -
la te that a lo wer im mu ne res pon se might oc cur
aga inst vi ral and mic ro bi al sti mu la ti ons in al ler gic
in di vi du als in whom Th1 ac ti va ti on is sup pres sed.
Few stu di es ha ve drawn at ten ti on to this issue so
far.8,9

The in cu ba ti on of blo od lymphocy tes of ato -
pic pa ti ents with in ha lant and fo od al ler gens le ads
to a pro li fe ra ti ve res pon se, which in di ca tes the pre -
sen ce of a spe ci fic T cell me di a ted hyper sen si ti -
vity.10 Dif fe rent path ways of T lymphocy te
ac ti va ti on may be in vol ved af ter sti mu la ti on with
dif fe rent so ur ce of al ler ge nic and non-al ler gic sti -
mu lants such as mi to gens, bac te ri al and vi ral an ti -
gens in allegic rhinitis (AR) pa ti ents. 

In this study, to in ves ti ga te the im mu ne sta tus
of AR pa ti ents, im mu ne pro fi le and lymphop ro li -
fe ra ti ve res pon se to bac te ri al, vi ral and mi to ge nic
sti mu lants we re exa mi ned.

MA TE RI AL AND MET HODS 

STUDY PO PU LA TI ON

AR outpatients with nasal bloc ka ge, disc har ge, sne -
e ze, na sal or ocu lar itc hing and he althy in di vi du als
we re in for med abo ut the study and were in vi ted to
par ti ci pa te as vo lun te ers. The pro ce du re was ap-
proved by the Lo cal Et hics Co mmi tte e ap pro val.
Ni ne te en vo lu te er AR pa ti ents [7 ma les, 12 fe ma les;
me an age 33.2 ± 8.4 (18-46)], and ten he althy con-
trols [4 ma les, 6 fe ma les; me an age 31.6 ± 9.1 (18-
45)] with po si ti ve and ne ga ti ve skin prick test,
res pec ti vely, we re recruited to the study. 

DI AG NOS TIC CRI TE RI A

Skin prick tests (SPT) we re per for med in AR pa ti -
ents and he althy con trols with in ha lant al ler gens;
D. pterg ynis si nus, D. fa ri na e, Al ter na ri a, Cla dos -
po ri um, grass pol len, we ed pol len and tre e pol len,
(Stal ler gen®, Pa ris, Fran ce), and his ta mi ne hy-
droch lo ri de (10 mg/mL) we re used as po si ti ve, and
sa li ne 0.9% as ne ga ti ve con trol. The whe al si ze was
mar ked with a fil ter pen af ter 20 min and me a su red
on a mic ro po re ta pe. The SPTs we re considered po -
si ti ve if the me an whe al di a me ter was at le ast 3 mm
lar ger than ne ga ti ve or 50% lar ger than po si ti ve
con trols, res pec ti vely.11 The di ag no sis of atopy was
al lo wed if at le ast one skin prick test to a com mon
en vi ron men tal ae ro al ler gen had be en po si ti ve.12

EXC LU SI ON CRI TE RI A

Se ve re ast hma, use of cor ti cos te ro ids or ot her im-
mu no sup pres si ve drugs, im mu not he rapy, chro nic
and acu te in fec ti ons, es pe ci ally of the up per res pi -
ra tory tract within the last month was exc lu si on
cri te ri a from the study. The sa me cri te ri a we re va -
lid al so for he althy con trols.

BLO OD SAMP LES

Blo od was drawn from 19 AR pa ti ents and 10 he -
althy con trols ha ve be en ta ken in Au gust in which
less se a so nal ex po su re to pol lens or chro nic ex po -
su re to pe ren ni al al ler gens was minimal. Blo od
samp les we re ob ta i ned wit hin a pe ri od of 15 days
and each samp le was analy zed as so on as drawn
from the subjects.
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CELL PU RI FI CA TI ON

Pe rip he ral blo od mo no nuc le ar cells (PBMCs) we re
ob ta i ned from he pa ri ni zed blo od by den sity gra di -
ent cen tri fu ga ti on over Fi coll (Sig ma Che mi cal Co.,
St. Lo u is, MO, USA) and were sus pen ded in Is co -
ve’s Mo di fi ed Dul bec co’s Me di um (IMDM, Sig ma)
in the pre sen ce of 10% fe tal calf se rum (FCS). Cell
vi a bi lity was me a su red by trypan blu e (Sig ma) dye
exc lu si on and was over 96% in all samp les.

FLOW CYTO MET RIC ANALY SIS

For flow cyto met ric analy ses, 5x104 cells we re sta -
i ned with flu o ros ce in isot hi oc ya na te (FICT)-la be -
led an ti-CD4, an ti-CD3, an ti-CD45RA, an ti-HLA--
DR, an ti-CD95 and Phyco eryt hrin (PE)-la be led an -
ti-CD8, an ti-CD19, an ti-CD45RO, an ti-CD28. The
con trols we re FITC or PE-la be led mo u se IgG1 (all
purc ha sed from Bec ton Dic kin son cyto metry sys-
tems, USA). Sta i ned cells we re fi xed in 2% pa ra for -
mal dehy de. Flow cyto met ric analy ses we re
per for med with a Facs Ca li bur (Bec ton Dic kin son
cyto metry systems, USA). At le ast 10.000 events
we re ac qu i red for each analy sis and the da ta we re
analy zed using the Cell qu est® soft wa re. 

CO LO RI MET RIC MTT AS SAY

Lymphop ro li fe ra ti ve res pon se was de ter mi ned by
sti mu la ti on of 1x105 PBMC for 72 h with mi to gen
and an ti gens in 100 mL of me di um in 96 well flat-
bot tom tis su e cul tu re pla tes in trip li ca tes. Cells we -
re in cu ba ted in the pre sen ce of 20 μg/mL po ke we ed
mi to gen (PWM), 6 mg/mL te ta nus to xo id (TT,
Aven tis Pas te ur SA, Lyon, Fran ce), 10 mg/mL pu-
ri fi ed pro te in de ri va ti ve of myco bac te ri um (PPD,
B-NCIPD Ltd. So fi a, Bul ga ri a), 1.25 mg/mL cyto -
me ga lo vi rus (CMV, Ab bott Lab. Ab bott park, IL).
Af ter 72 ho urs of in cu ba ti on the cul tu res we re pul -
sed with 10 mL of 5 mg/mL methyl-thi a so le-tet ra -
zo li um salt (MTT, Sig ma) for 4 ho urs. Pla tes we re
cen tri fu ged and the un trans for med MTT was re-
mo ved ca re fully by an Ep pen dorf pi pet te. To dis-
sol ve MTT-for ma zan, for med by the cells from
MTT, di methyl sul fo xi de (DMSO, Sig ma) was ad -
ded to the wells and they were in cu ba ted over night
at ro om tem pe ra tu re in a dark place.13 The spec-
trop ho to met ric va lu es we re ob ta i ned in ELI SA pla -

te re a der (Or ga non Tech ni ca Re a der 530) at 540
nm wa ve length and a re fe ren ce wa ve length of 620
nm. 

STA TIS TI CAL ANALY SES

Da ta were ex pres sed as me di an, minimum-maxi-
mum and in ter qu ar ti le ran ge. Sta tis ti cal analy sis
was per for med by Mann-Whit ney U test. A “p”
va lu e of less than 0.05 was con si de red sig ni fi -
cant.

RE SULTS

Ni ne te en AR pa ti ents with po si ti ve prick skin test,
me an age [33.2 ± 8.4 (18-46)] and na sal bloc ka ge,
disc har ge, sne e ze, na sal or ocu lar itc hing, and 10
skin prick test ne ga ti ve he althy con trol in di vi du -
als [me an age 31.6 ± 9.1 (18-45)] we re eva lu a ted. 

Cell sur fa ce an ti gens as ses sed by flow cyto -
metry using spe ci fic flu o res cein-la be led mo noc lo -
nal an ti bo di es are shown in tab le and grap hic
forms, se pa ra tely (Tab le 1, Fi gu re 1). 

T CELL AS SO CI A TED SUR FA CE AN TI GENS

CD4 ex pres si on was sig ni fi cantly hig her in AR pa-
ti ents than in he althy con trols (p= 0.0001), whe re -
as CD8 was ex pres sed al most identically in both
groups (p= 0.573). The ex pres si on of CD3, a mar -
ker of the to tal T lymphocy tes, in con for mity with
in cre a sed CD4 ex pres si on, was hig her in AR pa ti -
ents than in he althy con trols (p= 0.0001).

B CELL AS SO CI A TED SUR FA CE AN TI GEN

As B lymphocy te mar ker, CD19 ex pres si on was si -
mi lar in AR pa ti ents and he althy con trols (p=
0.804).

AC TI VA TED T CELLS

As an ac ti va ted T cell mar ker, CD28 ex pres si on was
sig ni fi cantly hig her in AR pa ti ents than in he althy
con trols (p= 0.002).

NA I VE AND ME MORY T CELLS

CD45RA ex pres si on, as a na i ve T cell mar ker, was
si mi lar in AR pa ti ents and he althy con trols (p=
0.769), but CD45RO ex pres si on, as a me mory T cell
mar ker, was sig ni fi cantly hig her in AR pa ti ents
than in he althy con trols (p= 0.0001).
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HLA-DR AND CD95 (FAS) EX PRES SI ONS

HLA-DR ex pres si on was si mi lar in AR pa ti ents and
he althy con trols (p= 0.875). CD95 (Fas) ex pres si on
was hig her in AR pa ti ents than in he althy con trols
(p= 0.205), but this difference was not significant.

Lymphop ro li fe ra ti ve Res pon se to Mi to gen, Bac te ri al and 
Vi ral An ti gens

Lymphop ro li fe ra ti ve res pon se to mi to gen, bac te ri -
al and vi ral an ti gens as ses sed by co lo ri met ric MTT
as say are shown in tab le and grap hic forms, se pa -
ra tely (Tab le 2, Fi gu re2). 

AR pa ti ents ex hi bi ted lo wer lymphop ro li fe ra -
ti ve res pon se to PWM than he althy con trols (p=
0.002). Com pa red to he althy con trols AR pa ti ents
ex hi bi ted lo wer lymphop ro li fe ra ti ve res pon se to
TT, (p= 0.016) PPD (p= 0.007) and CMV (p=
0.005).

DISCUSSION

In this study, lymphop ro li fe ra ti ve res pon ses to
non-al ler gic sti mu lants and im munp he noty pic

cha rar te ris tics of AR pa ti ents we re in ves ti ga ted in
or der to de ter mi ne the ir im mu ne sta tus. We de-
ter mi ned sig ni fi cant in cre a se in CD4+ Th cells in
ato pic pa ti ents with AR. Se ve ral dis tinct T hel per
(Th) sub sets ha ve be en iden ti fi ed, ba sed on cyto -
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Cell surface antigen expression (%)

Groups Median Min-Max Interquartile range Significance

CD4 Healthy Control 31.87 23.81 - 46.89 8.02 p= 0.0001

Patients with AR 45.98 33.83 - 55.64 9.94

CD8 Healthy Control 28.49 16.94 - 36.47 11.41 p= 0.573

Patients with AR 27.30 16.45 - 37.78 6.54

CD3 Healthy Control 56.59 32.31 - 70.00 18.47 p= 0.0001

Patients with AR 71.41 60.90 - 78.76 8.79

CD19 Healthy Control 8.59 6.28 - 22.63 5.39 p= 0.804

Patients with AR 9.36 5.90 - 16.72 5.10

CD45RA Healthy Control 38.85 23.82 - 57.36 13.58 p= 0.769

Patients with AR 38.93 28.91 - 58.98 9.05

CD45RO Healthy Control 24.16 17.93 - 32.32 7.12 p= 0.0001

Patients with AR 34.49 20.96 - 45.59 15.25

CD28 Healthy Control 39.97 31.04 - 51.64 14.45 p= 0.002

Patients with AR 55.02 19.74 - 74.89 13.29

HLA-DR Healthy Control 14.17 9.24 - 27.50 7.08 p= 0.875

Patients with AR 15.09 7.85 - 25.05 5.73

CD95 Healthy Control 25.29 16.83 - 36.12 8.44 p= 0.205

Patients with AR 26.85 12.36 - 47.32 8.43

TABLE 1: Flow cytometric analyses of cell surface antigens in healthy controls and allergic rhinitis patients.

FI GU RE 1: Cell sur fa ce an ti gen ex pres si on of ato pic pa ti ents with al ler gic
rhi ni tis and he althy con trols. 
Freshly pu ri fi ed cells were la be led with FITC/PE con ju ga ted B and T cell sub sets sur fa -

ce mo noc lo nal an ti bo di es (mAbs) and were analy zed by flow cyto metry. Com pa ri sons

of the gro ups we re per for med by Mann-Whit ney U-test. 

*p< 0.05, **p< 0.001.

CD= Cluster of differentiation, HLA= Human leukocyte antigen.

AR= Allergic rhinitis, CD= Cluster of differentiation, HLA= Human leukocyte antigen.



ki ne sec re ti on by cells.14 Cham bers et al sug gest
the pre sen ce of chan ges in sub sets of Th cells spe-
ci fic for mic ro bi al an ti gens as well as al ler gens in
ato pics, which may ha ve im por tant imp li ca ti ons
for the ae ti o logy of ato pic di se a ses inc lu ding AR.15

The key ro le of al ler gen spe ci fic CD4+ T lympho-
cy tes in ato pic pa ti ents with AR is well-estab-
lished. Rim ma ni ol et al sti mu la ted the pe rip he ral
blo od mo no nuc le ar cells with P. pra ten se, or with
re call an ti gens, and by de ter mi ning CD4+/CD3+
T-cells in grass pol len sen si ti ve ato pic pa ti ents
sho wed that they ha d en han ced CD4+ T-cell re-
ac ti vity.10 Var ga et al re por ted that AR was as so -
ci a ted with in cre a sed num bers of sub mu co sal
CD3+ T cells.16 The re sults sug gest that the CD+ T
cells pro li fe ra te and mig ra te to na sal mu co sa. In
our study, in ac cor dan ce with the se re sults, the
fin ding of high le vel of CD4 and CD3 ex pres si ons
ref lects high Th ac ti vity in ato pic pa ti ent with
AR.

CD28 cos ti mu la tes T cell pro li fe ra ti on and cy-
to ki ne pro duc ti on. CD28 sti mu la ti on is cri ti cal for
Th2 dif fe ren ti a ti on. Zdol sek et al sho wed that high
CD28 in chil dren with po si ti ve prick skin test and
ato pic symptoms might pos sibly be a con se qu en ce
of a Th2-ske wed im mu ne system.17 Ir was not pos-
sible to judge whether CD4+ cells belonged to any
of Th1 or Th2 subgroups due to the lack of cyto ki -
ne pa nel in our study; however, the high CD4 ex-
pres si on to get her with high CD28 mo le cu les
ref lects that the ato pic pa ti ents with AR ha ve Th2-

ske wed im mu ne res pon ses. This may account for
the lo wer lymphop ro li fe ra ti on to non-al ler ge nic
sti mu lants exp la i ned by prec lu si on of Th1 lym-
phocy tes and in suf fi ci ency of im mu ne res pon se ca-
pa bi li ti es in AR pa ti ents. 

Ak dis et al sho wed Th2 sub gro up pre do mi -
nan ce in ato pic di se a ses by pre fe ren ti al apop to sis
of cir cu la ting me mory/ef fec tor Th1 cells.18 Bar kow
et al sug ges ted that chro nic im mu ne ac ti va ti on le -
ads to hypo res pon si ve ness and de fi ci ency of the
im mu ne cells.8 Furt her mo re, the se aut hors sug-
gested that hypo res pon si ve ness or anergy of the
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Lymphoproliferative responses (Mean OD)

Groups Median Min-Max. Interquartile range Significance

PWM Healthy Control 234 207 - 302 47 p= 0.002

Patients with AR 200 87 - 266 105

TT Healthy Control 233 217 - 298 46 p= 0.016

Patients with AR 204 109 - 305 82

PPD Healthy Control 228 186 - 289 51 p= 0.007

Patients with AR 170 106 - 294 110

CMV Healthy Control 273 221 - 292 43 p= 0.005

Patients with AR 215 103 - 304 123

TABLE 2: Lymphoproliferative responses of mononuclear cells in healthy controls and allergic rhinits patients against
PWM and various antigenic stimulants.

FI GU RE 2: Mitogen- and antigen-induced lymphoproliferation of atopic pa-
tients with allergic rhinitis and healthy controls. 
Pe rip he ral blo od samp les we re obtained from each sub ject and were cul tu red in trip li ca te in
the pre sen ce of PWM (10 µg/mL), TT (6 µg/mL), PPD (10 µg/mL) and CMV (1.25 µg/mL).
Fol lo wing 72 h of cul tu re, the pro li fe ra ti on was as ses sed by MTT (methyl-thiazole-
tetrazolium) re duc ti on. Com pa ri sons of the gro ups we re per for med by Mann-Whit ney U-test. 
*p< 0.05.
PWM= Pokeweed mitogen, TT= Tetanus toxoid, PPD= Purified protein derivative,
CMV= Cytomegalovirus.

PWM= Pokeweed mitogen, PPD= Purified protein derivative, TT= Tetanus toxoid, CMV= Cytomegalovirus, AR= Allergic rhinitis, OD= Optical density.
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