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Alterations in Lymphocyte Membrane
Protein Content and Increased

Lymphocyte Rigidity in Cats with
Diabetes Mellitus

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  In a pre vi o us study we sho wed that red cell de for ma bi lity was dec re a sed in cats with non-
in su lin de pen dent di a be tes mel li tus (NIDDM) and it was as so ci a ted with ab nor ma li ti es in va ri o us rhe o lo gi cal pa-
ra me ters (blo od and plas ma vis co sity, eryt hrocy te de for ma bi lity, h e mo to lo gi cal pa ra me ters) as well as al te ra ti ons
in red cell mem bra ne pro te ins. On the ot her hand, the re is li mi ted da ta con cer ning the con tri bu ti on of lympho-
cy te mem bra ne pro te in ab nor ma li ti es and in cre a sed lymphocy te ri gi dity to im pa i red blo od rhe o logy in di a be tes.
In the pre sent study, we ai med to in ves ti ga te lymphocy te de for ma bi lity and al te ra ti ons in lymphocy te mem bra -
ne pro te ins in cats with NIDDM.  MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  In this re gard, we analy zed lymphocy te de for ma bi lity
in 10 cats with non-in su lin de pen dent di a be tes mel li tus (ma le/fe ma le: 5/5, me an age: 3.08 ± 1.39 ye ars, me an we -
ight: 3.26 ± 1.25 kg.) and 10 he althy con trols (ma le/fe ma le: 6/4, me an age 5.7 ± 1.91 ye ars, me an we ight: 4.56 ±
1.16 kg.) by using the mic ro fil ter tech ni qu e. We al so as ses sed mem bra ne pro te in con tent by so di um do decyl sul-
fa te-pol yacr yla mi de gel elec trop ho re sis (SDS-PA GE). In ad di ti on, blo od le vels of glu co se, to tal cho les te rol, high-
den sity li pop ro te in (HDL), low-den sity li pop ro te in (LDL), very low-den sity li pop ro te in (VLDL) and trygli ce ri de
we re de ter mi ned. RRee  ssuullttss::  We fo und that lymphocy te ri gi dity () was sig ni fi cantly in cre a sed in cats with NIDDM
com pa red to con trols (1.215 ± 0.532 vs. 0.265 ± 0.42; p<0.01). Blo od (3.8 ± 0.1 vs 4.4 ± 0.2; p< 0.001) and plas ma
vis co sity (1.2 ± 0.1 vs. 1.4 ± 0.1; p< 0.01) we re sig ni fi cantly hig her in the di a be tic gro up. Blo od le vels of glu co se
(99.8 ± 21 mg/dL vs. 177.9 ± 53.2 mg/dL; p< 0.001), to tal cho les te rol (106.4 ± 15.6 mg/dL vs. 183.4 ± 57.8 mg/dL;
p< 0.001), LDL (12.1 ± 5.3 mg/dL vs. 24.7 ± 14.6 mg/dL; p< 0.02) and HDL (78.7 ± 9.5 mg/dL vs. 133.4 ± 44.9
mg/dL; p< 0.001) we re sig ni fi cantly hig her in the di a be tic gro up. SDS-PA GE re ve a led that the band which cor-
res ponds to the pro te in with a we ight of 37 kDA had di sap pe a red in cats with NIDDM. CCoonncc  lluu  ssii  oonn::  We sug gest
that the ob ser ved ab nor ma li ti es in mem bra ne pro te ins may play a ro le in re du ced lymphocy te de for ma bi lity as-
so ci a ted with di a be tes mel li tus and may ha ve a ro le in in cre a sed blo od vis co sity.

KKeeyy  WWoorrddss::  Di a be tes mel li tus; lymphocy tes; he mor he o logy; elec trop ho re sis, pol yacr yla mi de gel

ÖÖZZEETT  AAmmaaçç::  Da ha ön ce ki bir ça lış ma da, in sü lin den ba ğım sız di a be tes mel li tus lu (NIDDM) ke di ler de erit ro sit
şekil de ğiş ti re bi lir li ğin de ki azal ma nın mem bran pro te in le ri ve çe şit li he mo re o lo jik pa ra met re ler de ki (kan ve plaz -
ma vis ko zi te si, erit ro sit de for ma bi li te si, he ma to lo jik pa ra met re ler) anor mal lik ler le iliş ki li ol du ğu nu gös ter miş tik.
Di ğer ta raf tan, bo zul muş len fo sit mem bran pro te in le rin le ri ve art mış len fo sit ri ji di te si nin di ya bet te ki bo zul muş
kan akış kan lı ğı na olan kat kı sı hak kın da sı nır lı bil gi bu lun mak ta dır. Bu ça lış ma da, NIDDM ’li ke di ler de len fo sit
şekil de ğiş ti re bi lir li ği ve len fo sit mem bran pro te in le rin de ki de ği şik lik le ri araş tır ma yı amaç la dık. GGee  rreeçç  vvee  YYöönn  --
tteemm  lleerr::  Ça lış ma nın ama cı doğ rul tu sun da 10’u NIDDM ’li (er kek/di şi: 5/5; or ta la ma yaş: 3.08 ± 1.39 yıl; or ta la ma
ağır lık: 3.26 ± 1.25 kg.); 10’u da sağ lık lı kon trol (er kek/di şi: 6/4; or ta la ma yaş: 5.7 ± 1.91 yıl; or ta la ma ağır lık: 4.56
± 1.16 kg) ol mak üze re top lam 20 ke di de mik ro fil tre tek ni ği ile len fo sit şekil de ğiş ti re bi lir li ği ni ana liz et tik. Ay -
nı za man da sod yum do de sil po li ak ri la mid jel elek tro fo re zi (SDS-PA GE) ile mem bran pro te i ni içe ri ği ni de ğer len -
dir dik Ay rı ca kan glu koz, to tal ko les te rol, yük sek dan si te li li pop ro te in (HDL), dü şük dan si te li li pop ro te in (LDL),
çok dü şük dan si te li li pop ro te in (VLDL) ve trig li se rid dü zey le ri ta yin edil di. BBuull  gguu  llaarr:: Sağ lık lı kon trol le re gö re
NIDDM ’li ke di ler de len fo sit ri ji di te si ni art mış bul duk (1.215 ± 0.532 ve 0.265 ± 0.42; p< 0.01). Hem kan vis ko zi -
te si (4.4 ± 0.2 ve 3.8 ± 0.1; p< 0.001) hem de plaz ma vis ko zi te si (1.4 ± 0.1 ve 1.2 ± 0.1; p< 0.01) di ya be tik ke di ler -
de kon trol ler den an lam lı ola rak yük sek ti. Kan glu koz (177.9 ± 53.2 mg/dL ve 99.8 ± 21 mg/dL; p< 0.001), to tal
ko les te rol (183.4 ± 57.8 mg/dL ve 106.4 ± 15.6 mg/dL; p< 0.001), LDL (24.7 ± 14.6 mg/dL ve 12.1 ± 5.3 mg/dL; p<
0.02) ve HDL (133.4 ± 44.9 mg/dL ve 78.7 ± 9.5 mg/dL; p< 0.001) dü zey le ri di ya be tik grup ta an lam lı ola rak art -
mış bu lun du. NIDDM ’li ke di le rin SDS-PA GE’ sin de, 37 kDA ağır lı ğı na denk ge len pro te in ban dı nın kay bol du ğu
sap tan dı. SSoo  nnuuçç:: Mem bran pro te in le rin de gö rü len bo zuk luk la rın di ya bet le iliş ki li azal mış len fo sit şekil de ğiş ti re -
bi lir li ğin de ve art mış kan vis ko zi te sin de rol oy na ya bi le ce ği ni dü şün mek te yiz. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Di a be tes mel li tus; len fo sit ler; kan akı mı bi li mi; elek to fo rez, po li ak ri la mid jel
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i a be tes mel li tus is a chro nic me ta bo lic di s-
e a se cha rac te ri zed ma inly by dis tur bed
glu co se me ta bo lism, whe re the most se ri o -

us comp li ca ti ons are as so ci a ted with mic ro- and
mac ro vas cu lar an gi o pathy. In par ti cu lar, it has be -
en well es tab lis hed that mic ro vas cu lar in vol ve ment
con tri bu tes to the de ve lop ment of re ti no pathy,
nep hro pathy, he art di se a se and ne u ro pathy.1 On
the ot her hand, in re cent ye ars the re has be en a
gre at in te rest in the pos sib le ro le of ab nor mal blo -
od rhe o logy on the pat ho ge ne sis of mic ro vas cu lar
comp li ca ti ons. It has be en re por ted that se ve ral pa-
ra me ters af fec ting blo od flow mec ha nics, inc lu ding
blo od vis co sity and eryt hrocy te de for ma bi lity are
al te red in pa ti ents with di a be tes mel li tus.2-5 Alt ho -
ugh the re is a cle ar and li ne ar re la ti on bet we en blo -
od glu co se and mic ro vas cu lar comp li ca ti ons, it was
sug ges ted that ab nor mal rhe o logy might al so re sult
in furt her wor se ning of the tis su e hypo xi a as so ci a -
ted with di a be tic mic ro an gi o pathy. Ho we ver, the -
re is li mi ted da ta con cer ning the con tri bu ti on of
cell mem bra ne pro te in ab nor ma li ti es to the in cre -
a sed red cell ri gi dity and blo od rhe o logy.6 We ha -
ve pre vi o usly shown the pre sen ce of eryt hrocy te
mem bra ne pro te in ab nor ma li ti es on sulfate poly-
acrilamide gel electrophoresis (SDS-PA GE) in a po -
pu la ti on of non-in su lin de pen dent di a be tic cats.7

In the pre sent study, as an at tempt to ex tend our
ob ser va ti ons to lymphocy tes, we analy sed lym-
phocy te ri gi dity and as ses sed lymphocy te mem bra -
ne pro te in con tent by SDS-PA GE in cats with
NIDDM.

MA TE RI AL AND MET HODS
The study gro up in vol ved 10 cats with non-in su lin
de pen dent di a be tes mel li tus (ma le/fe ma le: 5/5, me -
an age: 3.08 ± 1.39 ye ars, me an we ight: 3.26 ± 1.25
kg), whe re as the con trol gro up con sis ted of 10 (ma -
le/fe ma le: 6/4, 5.7 ± 1.91 ye ars, me an we ight: 4.56 ±
1.16 kg) he althy cats. All the cats were di ag no sed
with type II di a be tes mel li tus in the out pa ti ent cli -
nic of Is tan bul Uni ver sity Ve te ri nary Fa culty, De-
part ment of In ter nal Di se a ses. Ve no us blo od samp les
we re ob ta i ned from each sub ject in the study and
con trol gro ups. We analy zed lymphocy te de for -
ma bi lity and lymphocy te mem bra ne pro te ins.

SE PA RA TI ON OF LYMPHOCY TES FROM BLO OD

Blo od was col lec ted by ve ni punc tu re and put in to
ED TA-tre a ted eva cu a ted tu bes. Thre e mls of HIS -
TA PA QU E-1077 was ad ded to each 15 ml co ni cal
cen tri fu ge tu be. Thre e mililiters who le blo od was
ad ded on to the HIS TA PA QU E-1077, and cen tri fu -
ged at 400 x g for exactly 30 mi nu tes at ro om tem-
pe ra tu re. Af ter cen tri fu ga ti on, the up per la yer was
ca re fully as pi ra ted with a Pas te ur pi pet into 0.5 cm
of the opa qu e in ter fa ce con ta i ning mo no nuc le ar
cells. The up per la yer was dis car ded. The opa qu e
in ter fa ce was ca re fully trans fer red, with a Pas te ur
pi pet, in to a cle an co ni cal cen tri fu ge tu be. In ter fa -
ced cells we re har ves ted and then re sus pen ded in
PBS and then lysed by fre e zing and dis sol ving thre -
e ti mes. Af ter cen tri fu ga ti on at 3000 rpm for 10 mi -
nu tes, the su per na tant was ta ken.8

SDS-PA GE OF LYMPHOCY TE CELL MEM BRA NE

We per for med SDS-PA GE by a mi ni-gel system
using a 10% gel and a dis con ti nu o us buf fer system
(Bi o-Met ra, Mi ni gel-Twin, Göt tin gen, Ger many).
Samp les we re di lu ted with an equ al vo lu me samp -
le buf fer (125 mM Tris-HCl buf fer, pH: 6.8, con ta -
i ning 2% SDS, 0.05% 2- mer cap to et ha nol and
bro mop he nol blu e). The gels we re sta i ned with Co -
o mas si e Bril lant Blu e R-250 in met ha nol/ace tic
acid. Fi nally, the gels we re des ta i ned un til the pro-
te in bands we re cle ar. A mix tu re of mo le cu lar mass
stan dards was al so run: bo vi ne se rum al bu min (66
kDa), oval bu min (45kDa), car bo nic anhy dra se (29
kDa) and bo vi ne trypsi no ge ne (24 kDa) we re used
as stan dards (Sig ma MW-SDS-70, MO, USA). The
elec trop ho re tic pat tern of lymphocy te mem bra nes
on SDS-PA GE in cats with NIDDM we re com pa red
with tho se of he althy con trols.9

DE TER MI NA TI ON OF HE MOR HE O LO GI CAL PA RA ME TERS 

Lymphocy te de for ma bi lity was exa mi ned with
mic ro fil ter tech ni qu e,10 which used the pres su re
re qu i red to for ce cells to pass thro ugh a poly car bo -
na te fil ter ha ving a po re di a me ter of 5 mm (Mil li -
po re, Iso po re® mem bra ne fil ter TMTPO2500, Lot
no R1HN11485 Hert ford shi re, Ire land) as the in -
dex of de for ma bi lity. The cell sus pen si on was pum -
ped in to the fil ter at a cons tant flow ra te of 0.5
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ml/min for 5 mi nu tes at ro om tem pe ra tu re.  The
fil tra ti on pres su re was me a su red on the ups tre am
si de of the fil ter with a pres su re trans du cer (Go uld,
Mo del TMP400, P231D, USA) con nec ted to an am-
p li fi er and a re cor der (Ni hon Koh den RM 6000,
Tok yo, Ja pan).

For eryt hrocy te de for ma bi lity, blo od was fil-
te red thro ugh cot ton wo ol to re mo ve le u kocy tes
and pla te lets and then the eyt hrocy tes we re was -
hed thre e ti mes in PBS. The h e ma toc cri te le vel was
de ter mi ned with the mic ro h e ma toc ri te met hod
and the samp les we re re sus pen ded to ob ta in a fi nal
he ma toc rit va lu e of 5%. Ert hrocy te de for ma bi lity
was then as ses sed si mi lar to lymphocy te de for ma -
bi lity.10

Blo od and plas ma vis co sity of blo od samp les
we re de ter mi ned with Wells-Bro ok fi eld LUT
cony-pla ne ro ta tory vis co me ter (MA O-202072 En-
gi ne e ring La bo ra to ri es, Sto ugh ton, USA) at a she ar
ra te of 60 rpm.11 Bi oc he mi cal pa ra me ters we re de-
ter mi ned by the use of an au to-analy zer (Tok yo-
Bo e ki Au to a naly zer).

STA TIS TI CAL ANALY SIS

All da ta we re ex pres sed as me ans ± SD. Stu dents t-
test was used for sta tis ti cal com pa ri son of da ta. In
all ca ses, the cri te ri on for sta tis ti cal sig ni fi can ce
was p< 0.05. 

The study was ap pro ved by the lo cal et hics
com mit te of the Is tan bul Univ ser sity Ve te ri nary
Fa culty (No 2006/162) and was con duc ted in ac cor-
dan ce with the “Gu i de for the Ca re and Use of La -
bo ra tory Ani mal s”.

RE SULTS
Lymphocy te ri gi dity (k) was fo und to be sig ni fi -
cantly in cre a sed in cats with NIDDM com pa red to
he althy con trols (1.215 ± 0.532 vs. 0.265 ±0.42; p<
0.01). In addition, eryt hrocy te ri gi dity (b), plas ma
and who le blo od vis co sity (230 s-1), to tal cho les te -
rol, low-den sity li pop ro te in, high-den sity li pop ro -
te in and glu co se le vels we re sig ni fi cantly hig her in
the di a be tic gro up (Tab le 1) (Fi gu res 1-4). In te res -
tingly, the re was a po si ti ve and sig ni fi cant cor re la -
ti on bet we en lymphocy te de for ma bi lity and
eryt hrocy te de for ma bi lity (r= 0.833; p< 0.001),

plas ma vis co sity (r= 0.574; p< 0.01) and blo od vis-
co sity (r= 0.715; p< 0.001). Ho we ver, the cor re la ti -
on bet we en lymphocy te de for ma bi lity and to tal
cho les te rol (r= 0.276), low-den sity li pop ro te in (r=
0.387), high-den sity li pop ro te in (r= 0.193), very
low den sity li pop ro te in (r= 0.210), trigl yce ri de (r=
-0.109) and glu co se le vels (r= 0.40) we re in sig ni fi -
cant (p> 0.05 for all). The most re mar kab le fin ding
on SDS-PA GE was the loss of the band cor res pon -
ding to a 37 kDA pro te in in di a be tic cats (Fi gu re 5).
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NIDDM Controls

(mean ± SD) (mean ± SD) p

Lymphocyte rigidity (κ) 1.215 ± 0.532 0.265 ±0.42 <0.01

Erythrocyte  rigidity (β) 29.5 ± 2.74 21.0 ± 1.35 < 0.001

Blood viscosity (230 s-1) 4.4 ± 0.2 3.8 ± 0.1 < 0.001

Plasma viscosity (230 s-1) 1.4 ± 0.1 1.2 ± 0.1 < 0.01

Total cholesterol (mg/dL) 183.4 ±57.8 106.4±15.6 < 0.001

VLDL (mg/dL) 25.1 ± 10 15.5 ± 7.8 NS

LDL (mg/dL) 24.7 ± 14.6 12.1 ± 5.3 < 0.02

HDL (mg/dL) 133.4 ±44.9 78.7 ± 9.5 < 0.001

Tryglyceride (mg/dL) 56 ± 21 56 ± 37 NS

Glycose (mg/dL) 177.9 ±53.2 99.8 ± 21 < 0.001

TABLE 1: Comparison of various biochemical and 
hemorheological paramateres between cats with non-

insulin dependent diabetes mellitus and healthy controls.

NIDDM: non-in su lin de pen dent di a be tes mel li tus; VLDL: very low den sity li pop ro te in;
LDL: low den sity li pop ro te in; HDL: high den sity li pop ro te in; SD: stan dard de vi a ti on; NS:
non-sig ni fi cant.

FIGURE 1: Distribution of lymphocyte rigidity values in the diabetic and con-
trol groups as shown by box plot graphics. Lymphocyte rigidity is significantly
higher in the diabetic group (1.215 ± 0.532 vs. 0.265 ± 0.42; p< 0.01). LR, lym-
phocyte rigidity; NIDDM, non-insulin dependent diabetes mellitus.



DIS CUS SI ON
Among fac tors which play a ro le in the eti o pat ho -
ge ne sis of chro nic comp li ca ti ons (es pe ci ally di a be -
tic mic ro an gi o pathy) of di a be tes mel li tus,
he mor he o lo gi cal al te ra ti ons ha ve be en emp ha si zed
in va ri o us stu di es. It has be en re por ted that who le
blo od and plas ma vis co sity, he ma toc rit and red blo -
od cell ag gre ga ti on in cre a se, whi le red blo od cell
de for ma bi lity dec re a ses in di a be tes mel li tus. Ba sed
on the strong as so ci a ti on bet we en vas cu lar comp -

li ca ti ons and blo od rhe o logy, it was hypot he si zed
that ab nor ma li ti es in blo od rhe o logy may con tri -
bu te to the de ve lop ment of vas cu lar comp li ca ti ons
in di a be tes mel li tus.3,12-14

The abo vemen ti o ned ob ser va ti ons can be exp -
la i ned by the bi oc he mi cal ab nor ma li ti es which are
fre qu ently as so ci a ted with di a be tes mel li tus. Es pe -
ci ally, ab nor ma li ti es of plas ma li pids (hyperc ho les -
te ro le mi a, hypertry glyce ri de mi a) may ef fect red
cell mem bra ne com po si ti on and the re fo re may le -
ad to in cre a sed red cell ri gi dity. It has be en re por -
ted that fatty acid com po si ti on of the eryt hrocy te

FI GU RE 2: Dis tri bu ti on of eryt hrocy te ri gi dity va lu es in the di a be tic and con-
trol gro ups as shown by box plot grap hics. Eryt hrocy te ri gi dity is sig ni fi cantly
hig her in the di a be tic gro up (21.0 ± 1.35 vs. 29.5 ± 2.74; p< 0.001). ER, ery-
t hrocy te ri gi dity; NIDDM, non-in su lin de pen dent di a be tes mel li tus.

FI GU RE 3: Distribution of plasma viscosity values in the diabetic and control
groups as shown by box plot graphics. Plasma viscosity is significantly higher
in the diabetic group (1.2 ± 0.1 vs. 1.4 ± 0.1; p< 0.01). PV, plasma viscosity;
NIDDM, non-insulin dependent diabetes mellitus.

FI GU RE 4: Distribution of blood viscosity values in the diabetic and control
groups as shown by box plot graphics. Blood viscosity is significantly higher
in the diabetic group (3.8 ± 0.1 vs. 4.4 ± 0.2; p< 0.001)   BV, blood viscosity;
NIDDM, non-insulin dependent diabetes mellitus.

FI GU RE 5: SDSP-PAGE pattern of lymphocyte membrane proteins from cats
with non-insulin dependent diabetes mellitus (columns 6, 7, 8, 10, 11, 12, 13)
and healthy controls (columns 2, 3, 4, 5, 9, 14). A 37 kDa protein is lost in di-
abetic cats (Pointed by arrow at the right side of the figure). On the first col-
umn a reference electrophoresis was run with bovine albumin (66 000 kDa),
ovalbumin (45 000 kDa), carbonic anhydrase (29 kDa) and bovine trypsino-
gene (24 kDa) as standarts. kDA: kiloDalton.
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mem bra ne phosp ho li pids is al te red in di a be tes mel-
li tus.15-17 Pre vi o us stu di es ha ve al so shown an in-
cre a sed ery hrocy te mem bra ne cho les te rol le vel
which cor re la ted with eryt hrocy te de for ma bi -
lity.18,19

In contrast to eryt hrocy te de for ma bi lity, the -
re is re la ti vely li mi ted da ta con cer ning le u kocy -
te/lymphocy te de for ma bi lity and mem brane
com po si ti on in di a be tes mel li tus. In one of the ear-
li est stu di es, Ernst and Matrai20 re por ted that both
red and whi te blo od cell rhe o logy we re im pa i red
in type 2 di a be tes mel li tus. The aut hors sug ges ted
that im pa i red whi te cell rhe o logy co uld con tri bu -
te to mic ro cir cu la tory flow ab nor ma li ti es as so ci a -
ted with di a be tes.20 In ag re e ment with this
hypot he sis, Ver mes et al.14 re por ted that whi te cell
fil te ra bi lity was re du ced in pa ti ents with di a be tes
and it was mo re mar ked in pa ti ents with re ti no -
pathy. La ter, Pe re go et al.21 re por ted that whi te cell
fil te ra bi lity (using the St. Ge or ge fil tro me ter) was
dec re a sed in pa ti ents with di a be tes, which was
most mar ked in the gro up of pa ti ents with acu te
vas cu lar events. In an ani mal study, Ma su da et al.22

sho wed that poly morp ho nuc le ar le u kocy te mem-
bra ne flu i dity cor re la ted in ver sely with blo od glu-
co se le vels in strep to zo ci ne-in du ced di a be tic rats.
Kan tar et al.23 as ses sed poly morp ho nuc le ar cell
mem bra ne flu i dity by ste ady-sta te flu o res cen ce
ani sot ropy of 1-(4-tri meth ylam mo ni ump henyl)-
6-phenyl-1,3,5 he xat ri e ne (TMA-DPH) in pa ti ents
with in su lin de pen dent di a be tes mel li tus and con-
c lu ded that mem bra ne flu i dity in res ting poly mor-
p hnuc le ar le u kocy tes (PNL) was dec re a sed in the
pa ti ent gro up com pa red to the con trols. Ca i mi et
al.24 re por ted that PNL flu i dity was dec re a sed in pa-
ti ents with di a be tes mel li tus and the dec re a se was
mo re pro no un ced in pa ti ents with type 2 di a be tes.
In another study con duc ted by LoP res ti et al.25 it
was fo und that PNL flu i dity was dif fe rent bet we en
pa ti ents with di a be tes mel li tus and con trols.

Rhe o lo gi cal pro per ti es of lymphocy tes ha ve
be en even less ex ten si vely stu di ed. At ha nas si o u et
al.26 sho wed that lymphocy tes we re mo re ri gid in
pa ti ents with type II di a be tes mel li tus using both
the fil tra ti on and mic ro pi pet te tech ni qu e. In a mo -
re re cent study, Per ra ult et al.27 fo und that lym-

phocy tes from di a be tic mi ce ha d an equ i va lent cy-
top las mic vis co sity to nor mals by using the mic ro -
pi pet te tech ni qu e in non-obe se di a be tic rats.
Ho we ver, the hig her me an cor ti cal ten si on (by cal-
cu la ting the re co very ti me cons tant, which is de ri -
ved from the re co very length fol lo wing ex pul si on
of the lymphocy tes from the mic ro pi pet te) sug ges -
ted that di a be tic lymphocy tes are stif fer than con-
trol cells.27

Alt ho ugh we used a dif fe rent met hod (mic ro -
fil tra ti on tech ni qu e), we similarly fo und that lym-
phocy tes were less de for mab le in cats with di a be tes
mel li tus. The po si ti ve cor re la ti on bet we en lym-
phocy te de for ma bi lity and plas ma and who le blo -
od vis co sity sug gests that in cre a sed lymphocy te
ri gi dity may in de ed play a ro le in the dis tur bed blo -
od flow in the mic ro cir cu la ti on. Furt her, the po si -
ti ve cor re la ti on bet we en lymphocy te de for ma bi lity
and eryt hrocy te de for ma bi lity imp li es that the con-
di ti ons af fec ting eryt hrocy te de for ma bi lity al so in-
f lu en ce lymphocy te mem bra nes. It is pro bab le that,
in a mec ha nism si mi lar to ob ser ved in eryt hrocy tes,
lymphocy te mem bra ne com po si ti on is al te red in
di a be tes mel li tus. In de ed, re cently it has be en
shown that to tal sa tu ra ted fatty acid and cho les te -
rol com po si ti on we re in cre a sed in pa ti ents with
type-2 di a be tes mel li tus.28 Whet her the sa me ob-
ser va ti on app li es to frac ti o na ted le u kocy tes re ma -
ins to be in ves ti ga ted.

In our study, the re was no cor re la ti on bet we -
en lymphocy te de for ma bi lity and blo od li pids and
glu co se le vels. Pos sib le exp la na ti ons inc lu de the
ab sen ce of a di rect mec ha nis tic re la ti on bet we en
the se pa ra me ters, small samp le si ze, or the ef fect of
ad di ti o nal mec ha nisms which are ca pab le of al te -
ring lymphocy te mem bra ne mo re pro fo undly. In
this con text, anot her fac tor which se ems to be ig-
no red so far is the con tri bu ti on of plas ma mem bra -
ne pro te in al te ra ti ons to the in cre a sed
le u kocy te/lymphocy te ri gi dity. In the pre sent
study, we used the SDS-PA GE tech ni qu e to analy -
se qu a li ta ti ve/qu an ti ti ve chan ges in the pro te in
con tent of lymphocy te mem bra nes. In te res tingly,
we ob ser ved the loss of a band which cor res ponded
to a 37 kDA pro te in. The elec trop ho re tic pat tern
of lymphocy te mem bra ne pro te ins has not be en



des cri bed be fo re. The re fo re, un for tu na tely, we we -
re not ab le to cha rac te ri ze the 37 kDA pro te in. Ho -
we ver, this re sult imp li es that di a be tes is as so ci a ted
with ab nor mal pro te in com po si ti on in lymphocy -
te mem bra nes. This is in ag re e ment with our pre-
vi o us study which fo cu sed on eryt hrocy te
mem bra nes in di a be tic cats. We ha ve shown that
the band cor res pon ding to ac tin (“band 5” of a stan-
dard SDS-P AGE) was we a ke ned and bands 4.5 and
4.9 (cor res pon ding to glycop ho rin A, B and C in te-
g ral pro te ins and de ma tin, res pec ti vely) di sap pe a -
red.7

The se fin dings ra i se the qu es ti on of whet her
the di a be tic mi le a u may ef fect cell mem bra nes by
ot her me ans. In this con text, a pos sib le ef fect of in-
cre a sed non-enz yma tic glycosy la ti on of mem bra -
ne pro te ins in di a be tes worths dis cussine. It is well
es tab lis hed that glu co se forms early glycosy la ti on
pro ducts with pro te ins at a ra te pro por ti o nal to glu-
co se con cen tra ti on to ge ne ra te the so-cal led early
glycosy la ti on pro ducts. An im por tant examp le
with cli ni cal sig ni fi can ce is the glycosy la ted h e -
mog lo bin, or HbA1c.29,30 Stu fa no et al.31 re por ted
that the re is a po si ti ve cor re la ti on bet we en the con-
cen tra ti on of glycosy la ted h e mog lo bin and eryt -
hrocy te ri gi dity in di a be tic pa ti ents, alt ho ugh they
did not analy ze the sta tus of mem bra ne pro te ins.
In de ed, the re are few stu di es de mons tra ting that
glycosy la ti on is not con fi ned to HbA1c and in vol -
ves eryt hrocy te mem bra nes.32-35 So me stu di es sug-
ges ted that non-enz yma tic glycosy la ti on of the

eryt hrocy te mem bra ne may im pa ir de for ma bi -
lity.36-38 It has al so be en re por ted that plas ma le vels
of HbA1c cor re la te with le u kocy te de for ma bi lity
in di a be tic pa ti ents.39,40 On the ot her hand, to our
know led ge, ne it her the glycosy la ti on sta tus of lym-
phocy te mem bra ne pro te ins nor the ir elec trop ho -
re tic pat tern on SDS-PA GE has be en in ves ti ga ted
be fo re. The re fo re, the im pact of mem bra ne pro te -
in al te ra ti ons, the ir re la ti on to glycosy la ti on and
inf lu en ce on blo od rhe o logy re ma in to be stu di ed.
In the pre sent study, alt ho ugh we ob ser ved an ab-
nor mal pat tern on SDS-PA GE, we we re not ab le to
analy ze if this ab nor ma lity was as so ci a ted with gly-
cosy la ti on of mem bra ne pro te ins. Un for tu na tely,
we we re not ab le to de ter mi ne blo od HbA1c le vels,
which co uld help us to show a pos sib le cor re la ti on
bet we en ab nor mal glycosy la ti on, ab nor ma li ti es in
blo od rhe o logy and al te red mem bra ne pro te in con-
tent. 

CONC LU SI ON
To conc lu de, the re sults of the pre sent study and
pre vi o us stu di es sug gest that in NIDDM, dec re a -
sed de for ma bi lity is a ge ne ral phe no me non af fec -
ting va ri o us types of blo od cells inc lu ding
lymphocy tes. This is as so ci a ted with ab nor mal
mem bra ne pro te in com po si ti on, as shown by SDS-
PA GE. The mec ha nism(s) res pon sib le for the se ab-
nor ma li ti es, such as enz yma tic glycosy la ti on of
plas ma mem bra nes ne eds to be eva lu a ted by furt -
her stu di es.
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