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Activation of NF-xB and AP-1 in Peripheral Blood Mononuclear Cells Isolated from Patients
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Abstract
Background: We evaluated the role of oxidative stress in diabetic nephropathy by measuring intracellular
reactive oxygen species (ROS) and redox-sensitive transcription factors in isolated peripheral mononuclear
cells (PBMC).

Methods: From 66 diabetic patients with or without diabetic nephropathy (Group III and II, respectively) and
49 normal control subjects (Group I), spontaneous and stimulated ROS levels, activities of nuclear
factor-kappa B (NF-xB), activator protein-1 (AP-1), and specificity proteinl (Spl) in PBMC, urinary and
PBMC TGF-f1 (transforming growth factor-Sl), and 24-hour urinary albumin excretion (UAE) were measured.
Results: Spontaneous ROS was significantly higher in group III and II than group I (60.7 + 3.3 vs. 60.0 *
3.0 vs. 41.1 £ 2.4%, respectively), and stimulated ROS were significantly higher in Group IIl compared to
Group II (Increment of HyOs-induced ROS production: 21.8 + 2.2 vs. 11.1 + 2.0%, respectively; increment of
PMA-induced ROS production 23.5 + 4.5 vs. 21.6 + 2.2%, respectively). The activities of NF-xB and AP-1, but
not of Spl, were significantly higher in Group III than in Group II (2.53 vs. 2.0 vs. 1.43-fold, respectively).
Both PBMC- and urinary TGF-gl levels were higher in Group III than Group II (3.23 £ 0.39 vs. 1.99 £ 0.68
ng/mg in PBMCs, 16.88 + 6.84 vs. 5.61 + 1.57 ng/mL in urine, both respectively), and they were significantly
correlated with activities of NF-xB and AP-1 and 24-hour UAE.

Conclusions: Increased intracellular ROS generation in PBMCs of diabetic patients is involved in the
pathogenesis of diabetic nephropathy through activation of NF-xB and AP-1, but not Spl, and increased
expression of TGF-G1. (J Kor Diabetes Assoc 31:261~273, 2007)
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liquid chromatography (HPLC) (Variant II, Bio-Rad,
Hercules, CA, USA)E o|-83lo] SAs3ct A4 W=
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autochemical analyzer (Hitachi 747, Nakashi, Japan)E ©]
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Table 1. Clinical and biochemical characteristics of subjects

Group 1 Group II Group III
N (Male: Female) 49 (21:28) 31 (15:16) 35 (13:22)
Age (year) 494 + 132 545 + 14.3 570 + 12.9
BMI (kg/m®) 25.1 = 3.0 249 + 64 253 + 3.8
Systolic blood pressure (mmHg) 117.7 + 18.5 127.6 + 15.2 1332 £ 17.5°
Diastolic blood pressure (mmHg) 835 £ 452 824 £ 7.6 833 £ 038
FPG (mg/dL) 107.1 + 7.2 170.1 + 10.6" 174.0 + 17.7°
HbAlc (%) 6.1 = 2.1 9.6 + 32" 102 + 2.8
T.chol (mg/dL) 193.1 + 37.3 187.9 + 66.2 193.8 * 67.6
TG (mg/dL) 128.3 + 9.8 175.0 + 31.6 150.1 = 17.2
HDL-c (mg/dL) 49.8 + 14.3 43.0 + 18.4 464 + 13.9
Duaration of diabetes (month) 0 121.4 + 90.1" 1458 + 90.7"
24 hour UAE (mg/day) 59 + 2.1 28.6 + 7.9 15934 + 3783

* P < 0.05, compared to group L. ¥ P < 0.05, compared to group II. Group I, Normal healthy control; Group II, Diabetic
patients without nephropathy; Group III, Diabetic patients with nephropathy; BMI, Body mass index; FPG, Fasting plasma
glucose; T. chol, total cholesterol; TG, triglyceride; HDL-c, HDL-cholesterol; UAE, urine albumin excretion.
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dye (DCF-DA, 5 mmol/L; Molecular Probes, Eugene
Oregon) & AR83lo] PBMC W] HESAl A4Sl EA S

JH A4S A|(F-2000 Hitachi Ltd., Tokyo, Japan)E O]
f3lo] ZAslHexcitation, 488 nm; emission, 515~540
nm). o] W 7|A2)e] AEE EE HIFE AIE W A
2ZEd|~42] protein kinase C (PKC) E4JA|Q] phorbol-12
(PMA; Co.,
Deisenhofen, Germany) 100 nmol/L2} 3027} vljeksto g
2] A} 2EdE 71 o] FAEY} 1557 100 umol/L

-myristate-13-acetate Sigma  Chemical

H,0,8} vljoksto] A3t ~EAE A=A o SAEE
27y 24339k
4. NF-xB U AP-19| &M =X

Hofmann 572] Whfo g gk e Relsleirt. 7k
3] Al 1 x 10709 PBMCE 44 4%9] 400 mL2
20 A (10 mmol/L HEPES-KOH, pH 7.9, at 4C, 1.5
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0.2 mmol/L. PMSF)ellA] £33t 2 1Ll nljeksla, 30
Z 7F 150,000 rmp o2 FAEE] sl A==ole A7)
T AED BEE ode F 9kl B (20 mmol/L. HEPES
-KOH pH 7.9 at 4C, 25% glycerol, 1.5 mmol/L MgCl,,
420 mmol/L NaCl, 0.2 mmol/L EDTA, 0.5 mmol/L DTT,
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5. Electrophoretic Mobility Shift Assay (EMSA)
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patients with diabetic nephropathy. Fig. 1-A,

e
LAAL RARS

L RALL RARLI LAAL |

spontaneous ROS level;
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1000 0

Intracellular ROS in PBMC isolated from healthy control subject, diabetic patients without nephropathy, and

1-B, H>O, stimulated ROS level; 1-C, PMA

stimulated ROS level in Group I (normal healthy control group); 1-D, spontaneous ROS level; 1-E, H,O, stimulated ROS
level; 1-F, PMA stimulated ROS level in Group II (diabetic patients without nephropathy); 1-G, spontaneous ROS level;

1-H, H,O, stimulated ROS level;

1-I, PMA stimulated ROS level in Group III (patients with diabetic nephropathy).

Spontaneous, H»O, and PMA-induced ROS production in ex vivo isolated peripheral blood mononuclear cells was
measured spectrophotometrically using the fluorescent dye technique.
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7.5, 0.5 mmol/L EDTA, 100 mmol/L KCI, 2 mmol/L
DTT, 2% glycerol, 4% Ficoll, 0.25% NP-40, 1 mg/mL
bovine serum albumin (BSA) 3 poly dI/dCE o]Foi#1
ZAgk wiRlellA Azlsldel 4 el DNA  EE
5% native polyacrylamide gel % 0.5% Tris-vorat-EDTA
(TBE)Z -&3liellar, 7s 218 dAllellA] 71z A7 5 44
o3} 80E0lA] 480ll4 64X]7F 5QF Amersham Hyperfilms
(Amersham, Braunschweig, Germany)ell =% A|Zic}. 12
a1 Z42ke] Aol|A AEAZE7](densitometry, Biorad)E o]
slo] ol 9= NF-iB, AP-1 3 Splo] WARStE Fadsts)
it} NF-iB9 oligonucleotides (5’-AGT TGA GGG GAG
TTT CCC AGG C-3°), AP-1 (C-jun)®] oligonucleotides

I~

C— =2

dkst SIXfOM BT W NF-xB 2 AP-19| M35t
(5°-CGC TTG ATG AGT CAG CCG GAA-3’), Z2|al
Sp1-°4 oligonucleotides (5’-ATT CGA TCG GGG GGG
GGG GAG C-3’)< Promega (Madison, WI)& AR23130ch

6. TGF-g£1 EHHES|l =A: ELISA

PBMC lysate2} &=Holl4] TGF-S1-S Z4s17] Sl Iy
I &S 3027 A-2ollA HCL (3F 5% 0.2 mol/L)E
Aelslel B3 Welz AN F 2Zequimole)
NaOHE T3 1% o™ TGF-S12] 2= 913l TGF-S1
EmaxTM ImmunoAssay System (Promega, Madison, WI)
- 0]83}0] quantitative sandwich enzyme immunoassay& 4]
3451995, TGF-Bl EmaxTM ImmunoAssay System% 32

Table 2. Spontaneous and H,O, -or PMA- stimulated ROS in PBMCs

Group 1 Group II Group III

Spontaneous ROS production (%) 41.1 £ 2.4 60.0 = 3.0° 60.7 + 3.3

Increment of H,0, 9.1 + 40 11.1 + 2.0 218 + 227
- induced ROS production (%)

Increment of PMA 121 £ 3.0 216 + 22" 235 + 45"

- induced ROS production (%)

* P < 0.05, compared to group I. ¥ P < 0.05, compared to group II. Group I, Normal healthy control; Group II, Diabetic

patients without nephropathy; Group III, Diabetic patients with nephropathy; ROS, reactive oxygen species; UAE, urine
albumin excretion. These table show that there was significant increment in H,O,- and PMA- induced ROS levels in
patients with nephropathy, versus those without nephropathy (21.8 £ 2.2 vs. 11.1 £ 2.0%, 23.5 £ 4.5 vs. 21.6 £ 2.2%,

respectively, all P < 0.05).

+100X cold NF- kB
+100X cold AP-1
+100X cold Spl

+100X cold AP-1

+100X cold NF- kB
. +100X cold Spl

|

+100X cold Spl
+100X cold NF- kB
+100X cold AP-1

Fig. 2. The specificity of oligonucleotides for NF-xB, AP-1 and Spl. In order to evaluate the reliability of this study, we
analyzed the specificity of oligonucleotide for NF-xB, AP-1 and Spl by competetion EMSA with labeled and unlabeled
("cold”) oligonucleotides, respectively. The band formed from interaction between nuclear extract and labeled NF-xB

disappeared when “cold NF-xB” was added, and the same effect was seen with AP-1 and Spl, thus showing the specificity

of oligonucleotides for NF-xB, AP-1 and Spl.
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pg/mL TGF-BI7HA 4 7hssisich
7. EHN 24

7t SR HT + TEARAE AR 7 7 1
M, skl ol ANOVA B 534 F89| + 14
ol g3t W& 7ke] AaAlE Pearson’s correlation
analysis AR8slgich  BAEAS SAS9E SPSS  for
windows 11.0 (SPSS Inc., Chicago, IL)S o839, PEL
] 0.05 WY wlj A ez [ofsicla Frkslick.

2. 2loj9o| a2l H,0.2} PMA- 22 XI=2A|Z] PBMC

HSy

—

A M| XI0]

0

FaH A 71-el QlofA] At AEd|e] A3
Yo7 fJsle] HFEAHE ol8sle] WA AR
A EE Al rkFig. 1) (Table 2).

[T M:F = 21:28, 33 o] = 494 + 13.2), IF{(M:FF =
15:16, AT o] = 54.5 + 14.7) I IMITXMF = 13:22, ¥
T ve] = 57.0 £ 11.9)9] B4 S SAEE v
gk A3}, 4919 vk Ak S EE Il 9t I

Tl vlal YQEa41.1 + 2.4 vs. 60.7 + 3.3%, 41.1 + 2.4

vs. 60.0 * 3.0%, AHE, &5 P < 0.05), H0,2} PMA
2 AFA7] 2] A EE T 15737 11l B3 <)
A =Sl dEHERE Aol S Rl wEl

1. CHARISO| QAN Mslats 53

Al Aofdt Al 2T A v, I A5l

ol Al I 84 AZS Zukgk gkl 7+ LA, Ak Aol Alol7k glar qlelef nheA Ak
o] A%, A, A A, F ZuElElE, S48 A Y = BARE Hol7} glglor), H0,9 PMAE A= ¥
HDL-Zal| 261 Zoll4] Xfol7} igich szl Aolol] FAET ASE BHRE Tl udA =9ich218 =+

22 vs. 11.1 + 2.0%, 23.5 + 4.5 vs. 21.6 + 2.2%, <A
2, P < 0.05).

A F% U, HbALes B3y 5 717kl Hol7t $lg]
ou} @Y A5 B gl $57] skl

o v
=K Table 1).

Table 3. Inter-group comparisons of NF-xB, AP-1 and Spl in PBMC

Group 1 Group II Group III
NF-xB 0.9999 + 0.0843 1.0105 + 0.1536 1.9043 + 030207
AP-1 1.0003 + 0.1773 1.4392 + 0.3087" 27906 + 0.4824""
Spl 1.0000 + 0.1665 1.3881 + 0.1892" 1.4521 + 0.2052"

* P < 0.05, compared to group I. ¥ P < 0.05, compared to group II. Group I, Normal healthy control, Group II, Diabetic
patients without nephropathy; Group III, Diabetic patients with nephropathy; UAE, urine albumin excretion.

36 1
i
3 b
25 r
=
% 2 r U Group |
© Group |l
R N Group lli
2
5] 1t
2
& 05 1
Q
o
0

NF-kB AP-1 Spl

Fig. 3. The activities of NF-xB, AP1, and Spl in PBMC in different groups. Activities of transcription factors were
quantified using EMSA and densitometry (Biorad). * P < 0.05, compared to group I, ¥ P < 0.05, compared to group IL

Group I, Normal healthy control; Group II, Diabetic patients without nephropathy; Group III, Diabetic patients with
nephropathy; UAE, urine albumin excretion.
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EMSAES %3l 243 Az}, IIold I Bt =2 AP
FA%(1.4392 + 0.3087 vs. 1.0003 + 0.1665, P < 0.05)
9} =2 Spl BHAJE(1.3881 + 0.1892 vs. 1.0000 + 0.1665,
P < 0.05)7} BE|glon), o] = T 7hol] NF-xBO] BAE

3. EMSAE 0|25{01 &8st NF-:8, AP-1 % Spl
Oligonucleotides?| E0|M(Competition 2!

Supershift Assay)

H ojqro] A=AE- #7kslr] $13 labeled 9 unlabeled o= Xeol7} gigiclk sy IIdollA+= AP-1 (2.7906 +
oligonucleotidesE 7FA|3L competetion EMSA-S- Alefs}o] 0.4824 vs. 1.0003 *+ 0.1773, P < 0.05)%} Spl 9] ¥A=
NF-xB, AP-1 3 Spl oligonucleotide®] o4& H-4s}9] (1.4521 + 0.2052 vs. 1.0000 + 0.1665, P < 0.05)% oh]
o} ZFzke] AAQIA}ol| Tl unlabeled oligonucleotide S g}, Il B]&l] NF-iB #4%(1.9043 + 0.3020 vs. 0.9999
2L 3l AARRIZR] band7} T ol WHE|A] e HE v +0.0843, P < 0.05)% = 74 =I9ick =k Mgl I
—Eroi A8-3 oligonucleotide”} 22+ ZARIA}ol] specificgt T Hr} =& NF-iB9} AP-19] EA4%7) 3d= vy Spl

< 4= 9l9irkFig. 2). A= H|5lIckTable 3) (Fig. 3).

NF—KB/] supershift EMSAS- £3l] A3} ~E7|2~9} of

.23 7210 Ql AH{ | - B1 EHHEIO|
T 9l NF-iBY A 942 =A% Ax AFE A3t g TIFOI el PBMC HTGEF-p1 Sl
X

2] kekor}, p659) p60 o|FoleHr} Fur A=y} oIk
Qti= AL oF 2= 9loirh PBMC % 4H W] TGF-G1- II7el] ul3l] IMITellA =7
ZA=|9ick PBMC Ul TGF-8l (ng/mg) S A3} s19S

4. Zt & Z1°] PBMC W NF-B, AP-1 % Sp19]
:w: o), TIIFIA] 323 + 0.39, Il 1.99 + 0.680]9)om,
2 e
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NF-iB, AP-1 ® Spl 52 ZA dxEe] =S 2] 5.61 £ 1.570190ck 173 11T AtolollAE= PBMC W 4
Table 4. Inter-group comparisons of TGF-Gl expression in PBMCs and urine
Group 1 Group II Group III
PBMC-TGF- £l F
. 1.6580 + 0.4808 1.9921 + 0.6785 3.2265 £ 0.3901
(ng/ug of cell protein)
UTGF-£l (ng/mL) 6.5320 + 1.7489 5.6069 + 1.5696 16.8758 + 6.8399""

* P < 0.05, compared to group 1. ¥ P < 0.05, compared to group II. Group I, Normal healthy control; Group II, Diabetic
patients without nephropathy; Group III, Diabetic patients with nephropathy; PBMC-TGF-Gl, TGF-£l in PBMC; uTGF-(
1, urinary TGF-0l. The expression of TGF-£Gl in PBMCs and urine was higher in patients with diabetic nephropathy than
in diabetic patients without nephropathy (3.2265 + 0.3901 vs. 1.9921 + 0.6785; 16.8758 + 6.8399 vs. 5.6069 + 1.5696,
all P < 0.05), however, no difference was found in urinary or PBMC-TGF-0l between normal healthy control and
diabetic patients without nephropathy.
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Fig. 4. The expressions of urinary and PBMC-TGF-£l in each group. TGF-Gl was measured in PBMC lysate and in urine

by quantitative sandwich enzyme immunoassay. * P < 0.05, compared to group I, ¥ P < 0.05, compared to group IL

Group I, Normal healthy control; Group II, Diabetic patients without nephropathy; Group III, Diabetic patients with
nephropathy; PBMC-TGF- (1, TGF-£Gl in PBMC; uTGF-gl, urinary TGF-l. The expression of TGF-Gl in PBMC and
urine was significantly higher in patients with diabetic nephropathy than in diabetic patients without nephropathy.
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Fig. 5. Correlations between 24 h UAE and urinary TGF-8l (A), activity of NF-xB and urinary TGF-1 @B), activity of
AP-1 and urinary TGF-£l (C), and activity of Spl and urinary TGF-£l (D). PBMC-TGF-(l: TGF-£l in PBMC; uTGF-fl:
urinary TGF-l; ROD: Relative optical density. Urinary TGF-0l protein was significantly correlated with 24-hour albumin
excretion (r = 0.729, P = 0.001). Moreover, the expression of TGF-{l was not found to be significantly correlated with
the Spl activity, but was significantly correlated with NF-xB and AP-1 activities (r = 0.786, r = 0.826, respectively, all
P < 0.001).
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Fig. 6. Correlations between 24 h UAE and PBMC-TGF-£l (A), activity of NF-xB and PBMC-TGF-Gl (B), activity of
AP-1 and PBMC-TGF-0l (C), and activity of Spl and PBMC-TGF-{l (D). PBMC-TGF-£l: TGF-£l in PBMC; uTGF-0l:
urinary TGF-l; ROD: Relative optical density. TGF-0l protein in PBMC was found to be significantly correlated with
24-hour albumin excretion, NF-B, and AP-1 activities (r = 0.694, r = 0.797, r = 0.086, respectively, all P = 0.001), but
was not correlated with Spl activity (r = 0.549, P = 0.071).
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Table 5. Correlations between NF-xB, AP-1, Spl, 24 hour urinary albumin excretion and TGF-1 in PBMCs and urine

uTGF-1 PBMC-TGF-1
24 hour UAE (mg/day) r= 0729 r = 0.694"
NF-xB r = 0.786" r = 0797
AP-1 r = 0.826" r = 0.860"
Spl r = 0.529 r = 0.549
uTGF-8l r = 1.000" r=0.781"
PBMC-TGF- 3l r = 0781 r = 1.000"

* P < 0.05. PBMC-TGF-£l, TGF-£1 in PBMC; uTGF-£l, urinary TGF-Gl; UAE, urine albumin excretion.
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