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Flow cytometric analysis of mesothelial cells in peritoneal dialysis effluent

Eiichiro KANDA*, Kenji TAKATI**, Yoshitaka MAEDA*, and Tatsuo SHIIGAI

*Nephrology Section, Department of Internal Medicine, Toride Kyodo General Hospital, Ibaraki,

According to recent reports, deformity and size of mesothelial cells reflect mesothelial condition. We
applied flow cytometry (FCM) to the analyzation of mesothelial cells in peritoneal dialysis effluent (PDE)
and the relationship between the period of peritoneal dialysis(PD) and peritoneal function. Eighteen
patients treated for two to 89 months by PD were selected. Their dialysate : plasma creatinine ratio (D/
P creatinine) was 0.67+0.086(0.53 to 0.87). Overnight PDE was drained and centrifuged. The cell
population of peritoneal cells identified by anti-cytokeratin, CD14 and 45 antibodies was studied by
FCM.

Cytokeratin-positive cells were identified as mesothelial cells, distinct from macrophages,
granulocytes or lymphocytes. The forward scatter (FSC) of cytokeratin positive cells, fluorescence intensity
of cytokeratin and percentage of cytokeratin-positive cells in PDE were 395.6+55.5(298.31 to 527.72),
333.9+272.9(67.55 to 1,071.95), and 6.75+6.1 %(0.44 to 21.14), respectively.

There was a positive correlation between D/P creatinine and FSC, and a negative correlation between
D/P creatinine and cytokeratin fluorescence intensity or the percentage of cytokeratin-positive cells.
However, there was no correlation between the period of PD and FSC, cytokeratin fluorescence intensity
or the percentage of cytokeratin-positive cells. It was suggested that the alteration of mesothelial cells is
not necessarily influenced by the period of PD, but influences peritoneal function.

It was found that the analysis of cell population by FCM reflects the morphological and functional
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changes in the peritoneum of patients on PD.
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WEDEEN Y AT L BFEHAL Tnlz, REWCHIZ-T
BENPOECTA Y7 r—L N earvr h2iFz, &
ZOWE % Table 12775 L7z,
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A. PET

Twardowski & @D FiEICREY, 2.5 %EEETE (A 7
Z— )V PD-225® NI ZX¥—, BHE, KWL Iv R
Vw27 250®, FOvE, )2 % ARRIE8H L, D/P
creatinine 23R & 729,

B. FCM

Rz 2 S U FITC R 3% 47 cytokeratin Fifk, <27 o
7 y—, U roNEk, 2 L CHER BRI U PEAZER BT
CD14 #ifk & PreCP 3T CD4S Hiffiz TSR L 729,
FZ A EH cytokeratin HURIC G TH 2 4%, HLCDI4 &
S Pikic it Tch b, v 7077y —Y P CDI4 & 45
TR TH 2, U > RBRIZPL CD4AS Jiikic BB T b
2HLCDI4 It Th Y, [ARFICFHRLER 15T CD4S Hii
HRICFIBE T H 2 2341 CDI4 HifR It TH 29,

FCM iz X 2 Ml E %2 (k) = A 7 — v TV ICKIE L
720 MEHZEOMIKIIUTOMEY Tho /e,

FERARE UTORELFEMHL /2, CDI4-PE

Table. Patient profiles
. Ultra .

Case Gender Age Cause Period BUN Cr filtration Urine Ca P IPTH Hb Hct
(years) (month) (mg/dl) (mg/dl) (m0) (ml) (mg/dl) (mg/dl) (pg/ml) (g/dl) (%)
| M 59 CGN 25 0.7 33 12.6 200 130 9.6 3.8 84 10 29.2
2 M 33 IgAN 6 0.7 67 14.65 300 2,000 7.7 7.6 140 8.1 24.3
3 M 56 CGN 62 0.53 76 16.23 400 1,300 10.6 8.1 440 10.6 31.9
4 M 68 CGN 38 0.69 35 9.7 400 0 10.3 2.8 131 10.7 32.1
5 F 55 CGN 84 0.87 31 8.32 600 100 10.1 4.7 130 7.6 24.2
6 F 65 CGN 7 0.54 54 9.42 900 50 8.7 5.7 690 7.9 24.3
7 M 49 IgAN 32 0.74 107 9.1 0 1,300 8.6 5.1 357 9.4 29.2
8 F 61 NL 89 0.7 40 8.13 600 0 9.6 4.3 569 12.7 40.1
9 M 1 CGN 7 0.64 27 9.59 500 200 8.8 3.2 120 10.7 30.8
10 F 55  NIDDM 66 0.72 30 5.42 600 100 8.7 3.5 170 9.6 29.4

Il M 55  NIDDM 45 0.7 31 8.62 800 200 9.2 3.7 120 10.8 33
12 M 57 NS 54 0.73 35 11.35 800 0 9.2 4 247 8.2 24.9
13 M 45 IgAN 24 0.51 57 13.97 700 600 10.4 5.2 180 1.3 33.6
14 M 62 NIDDM 2 0.67 57 12.89 800 1,000 8 6.8 140 8.3 24.9
15 M 51 CGN 84 0.6 64 15.16 I,500 0 10.6 5.6 345 Il 33.8
16 M 62 NIDDM 19 0.7 63 12.26 I, 100 300 9.9 5.6 92 9.3 28.2
17 M 55 CGN 12 0.63 59 16.99 700 50 10.3 6.1 302 7.4 23.5
18 M 55 NIDDM 30 0.7l 56 8.96 2,000 450 9.3 5 47 9.1 26.7

Abbreviations : PD, peritoneal dialysis ; M, male ; F, female ; D/P, D/P creatinine ; BUN,

blood urea nitrogen ; Cr, creatinine ;

Ca, calcium ; P, phosphorus ; IPTH, intact-parathyroid hormone ; Hb, hemoglobin ; Ht, hematocrit ; CGN, chronic glomerulone-
phritis ; IgAN, IgA nephropathy ; NL, nephrolithiasis ; NIDDM, non-insulin-dependent diabetes mellitus ; NS, nephrosclerosis
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(CALTAG, CA, USA), CD45-PerCP (BD Biosciences, 5
), Cytokeratin-FITC (Beckman Coulter, ¥ %), BSA-
PBS(EHZFE), MEE - ®&EMAFE (Fix & PERM:
CALTAG, CA, USA), Flow-Count(Beckman Coulter, 3
50

JAIZEHE © FACSCalibur (BD Biosciences, B E) % > C
#HI%E L, CELL Quest(BD Biosciences, BET) % F > Cfi#HT
L7z,

SLIRFE

FRARTEE § 2.5 BREIOEMTIR 2 | 2 &Ky 8 Il LA_E A
L7et, HRz BN L 72, MEESENTHRK %2 S0 m/ O
4L, 3R T 1,800 rpm 5 43 RE O L vk % [ELX L
oo B U 7- MG ST %2 IR T 1,800 rpm 5 43fi, BSA-
PBS Ti/L¥eHt L7z, 1X107/ml LU I2 7% % £ 512 BSA-
PBS THERI% % SR%E U FEmik & L7z,

K i ; % Mfk% CDI4-PE, CD45-PerCP L 4C T
20 ARG E ¥z, XKiz, 4C 1,800 rpm 5 43f, BSA-
PBS T/ L7z MlEEEHASE (Fix & PERM A i)
B E R T 15 5 EE 0B 217w, 4°C 1,800 rpm 5
5[, BSA-PBS THE.L¥EH L7z, ML EMSE (Fix &
PERM B ) & 7' u vy ¥ > 78 (IEH ¥ ¥ FIE) WL
FIRFET T S S RIKE L 7z, Cytokeratin-FITC Z 0L
SR T 2043 f KR & ¥, BSA-PBS T2[E, 4C 1,800
rpm 5 53, EOYEHL 7z, W% 0.5 m/ ) BSA-PBS 12
FiES ¥, Flow-Count ZiRINL 72,

itk % FACSCalibur T#I%E L, CELL Quest % T
figEh L 7z
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TREOEREE AT AN T ALY, BHOGEHME

Fig. 1.
cells
Fluorescence micrographs of anti-cytokeratin fluorescein
isothiocyanate (FITC) staining for cytokeratin and propidium
iodine (PI) staining for double-stranded regions of both
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) are

Immunolabelling of cytokeratin in mesothelial

shown. Anti-cytokeratin FITC and Pl fluoresced with green

and red light respectively. (a and b, X 400)

a : Normal mesothelial cell : Cytokeratin existed in the
cytoplasm of mesothelial cell.

b : Dyskaryotic and giant mesothelial cell.

Nikon OPTIPHOT(= 2 >, HE) %2 H W THEHZE L,
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L, cytokeratin (Al Hh MG TH 2 2 & %1l
AL 7z (Fig. 1),

2 . [EREEHERRRR O fRAT

RE 2 fRHTHRE R GEFI 1) % Fig. 2 15d U zo MEBEMNT
PEWErh o M % Wl E L, FSC & SCC % %% L 7 (Fig.
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Fig. 2.  Cell population in
the peritoneal dialysis
effluent of case 1

Cytokeratin-positive cells

are shown as brown dots.

A : Cytokeratin was used to
identify mesothelial
cells.

B : Mesothelial cells were
gated by cytokeratin/
side scatter(SSC). By
gating on cytokeratin
positivity along with
SSC, the gated cells did
not include high number
of other cells.

C : CD45 of mesothelial cells
were negative.

D : CDI14 of mesothelial cells
were negative.

E : Forward scatter (FSC)
histogram of mesoth-
elial cells

F : Fluorescence intensity
of cytokeratin of meso-
thelial cells

Abbreviations : FSC, forward

scatter ; SSC, side scatter ;

FITC, fluorescein isoth-

iocyanate

Cytokeratin B Mg 12037 U 72 5346 %= 7~ L (Fig. 2B),
cytokeratin R 6.7546.1 % (0.44~21.14) TH > 77,

Sz cytokeratin ¢y L CD4S SO 2 FKoR L7 &
Z %, cytokeratin iE[EMEMIIE & CDAS &R MG X Z 11
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ML -l 2 R Lz (Fig
2C), ¥ 7, cytokeratin & % #f g &
CD4 Gl z g L7z & 2 5, [Flkk
VST U 724345 % 7~ L 7z (Fig. 2D),

Ml DOK & S Q53R EN DI 0,
cytokeratin 5 4 #il i @ FSC % 3K & 72
(Fig. 2E), ©HB#& D FSC I 395.6+55.5
(298.31~527.72) T > 7=

RIS D it % f6& T SRR DT RE
T Z b L, cytoketratin 5 & B L O
cytokeratin Y58 B 45 M FE WL
3 %7, cytokeratin H{YEIRE 2 FHAE L 72
£22, &fRFEOEGEE 3339+
272.9(67.55~1,071.95) T & - 7z (Fig.
2F),

FHAE B D AT G R (cytokeratin B A
g FSC, cytokeratin {58 F % 72 1%
cytokeratin 54 2) %2 D/P creatinine &
Hg LIz 25, 3 XTCIHEBEREZR
o, [BEYRERRDE S iz (Fig. 3A~C),
D/P creatinine |% FSC & IF o {5 B 1%
%~ L 72 (Fig. 3A) 23, cytokeratin 4 St
58 F 72 1% cytokeratin R L X A O
FHBIBALR % = L 7z (Fig. 3B, C),

FAEB D AT 5 (cytokeratin 554 H
1 FSC, cytokeratin H{YE5REE % 72 1%
cytokeratin (54 2K) % JERGEHTHARM & kb
L7 5 tEBABAR 2 R 2 hr o Tz,

bbb EEENPRE 2RI, BT
cytokeratin, CD14, 7> L CD45 Hifkiz
THEFR L 7% FCM 1z THIE L 72,

Cytokeratin [5 Ml fg 13, ~ 7 o
77—, FERIEKRY oNEKE Bl 55
TN B VAL DR A 11} UE- i I SRl s
D/P creatinine |3 FSC & IF ® fHEH 1%
%Z 7R L7z %8, cytokeratin H{OGHHE & 7z
1% cytokeratin B3R & 13 & 0 FHEIBE 4R
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Fig.3. Correlations between D/P creatinine and the results of FCM

A : Positive correlation between D/P creatinine and forward scatter (FSC) of
cytokeratin—positive cells

B : Negative correlation between D/P creatinine and fluorescence intensity of
cytokeratin—positive cells

C : Negative correlation between D/P creatinine and percentage of cytokeratin-
positive cells

Abbreviations : R, Pearson’s correlation coefficient ; FSC, forward scatter ; D/P

Cr, D/P creatinine

Cytokeratin B EHIRE 1, CDI14 7c s L CD45 B 41

—75, EBESETHIRN & FSC, cytokeratin BGIRE £ 72 1 CE 2HEMTH B Z & 2as LTz (Fig. 2C, D), JEE
cytokeratin BEPE2E D RN AHBEARIR 27RO 2 p o 72, BTPERTICIE, FELT, vz7ua7y—9, U UoSEk
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ek, 2 U CHEMRSTEET 2%, il E
WIZ X cytokeratin 237FFE L, P cytokeratin LK1 THAfh

SN, FHE &b ICHBLT 2 5 o d A b 5T cyto-

keratin FLiK IC THEER & ', FCM T i cytokeratin
i T gfilg e~ 77 7=, ) UoNER, 2 LT
R ofEnld 5 2 e TE 5%, BEEPER O
 FCM IC X 2 53 AT 35 & OVHOGEEMEE & W 7o e
2 (Fig. 1) 2» 5, FCM 2 TEE#k X 117 cytokeratin 54
& H B 2 v U BRI SR O MRS & 131 —3T % &
EZohiz,

bhbhix, FSCHMfIORESERT LS, H
KR D FSC 2 E L7z, MIRIIC 7z o 7c L —H —Hf%
OHGELIED & FSC 2HIE L Tw 3 729, FSCIiEfiiao
MR RESEZRLTWEE, AT L b MHEESAR &
BILTwawv, LiL, Mldoeklaks S O =i
EL, Mo EOENL 2RI L oMM DOE b % T 2
ZEWHEBETH D, T, ) UNNERIZKE SN —0D
7z, BIREFNZOWT Y »o8EkD FSC A2 A L7 &
25, HEAE ¥—LntiER LIz, —77, cytokeratin
PR D FSC 13— 2~ & 9 (Fig. 2E), Hi Al
fasorh SR EE SR OMIFLIE R & SR —TH 5 Z L HVR
Tz, B, HIERRZE L LT, FSC XM D 3ilE i i
PrEeifuiiEsE OB L Z ) 2R’ b o172, b
MO ISR O 2 —E CHfi— L, 2 DR
EEEUTET ST, TELRTHIEEREZ/NZ L
L7z,

WA S ki, EEENHRE O R 3, PR
FEATHAR & AHBABfRIc H D, FAST-PET f# & X595\
IEOHHBERIRIC H %, F7z, FE GBI &
RUTERE b IEOMBIBRICH v, EEENTHARNICAER L 72
B OMEIE, EFEMRES & OB HRmRE o
e s e, BREMEHBEENIEMNT 22 ENERTH
LEHESINTVLEY, bivbhiddEiildo FSC %l
L, D/P creatinine % 7z ZEECEMNTHAR L LK LTz & 2
%, D/P creatinine & IEDFHBARER % 588 7z (Fig. 3A) 23,
JERENT AR & I IMBEIRAR 2B o Tz, KIZ, HEREE
HrfAfT & D/P creatinine % FL#g U 7z 23 FHEHEE (% % 520 72
Motz, FSCIIH MM OB A e AL AL
vy, EOMEmE L THEMBORE S 2RLTE
D, BESENIEOEEEL D 52 2 ENRE N, F
7z, MEREREREICIE, MEELEMTHAR O 4Tl <, EEOE
ANZE, AL T 2ZEMEO pH LRE, 2L TEERD
BifE7e E OFEER BT 2700, MEEENTHAR & AHEE

REBD LMo EFZ NI,

of J7 ff Y 1% cobblestone-like, fibroblast-
like, mixed ® 4 fEHICHE I N, BEESHA”E &b
cobblestone-like o 7 57 ffi g 23 ik 4> L, fibroblast-like 23
WIS 5, ZNZ DD cytokeratin HOLFHE 2 FCM
2 CHIE U7z & & 5%, cobblestone-like | transitional &
fibroblast-like X V) $ 58 <, Western blotting {Z & % &I
D cytokeratin 2 D LI TlX, cobblestone-like iX transi-
tional %° fibroblast-like X V & % < cytokeratin Z&7H L T
W3D, bitb ik, cytokeratin HrYeIREE & HlE L D/P
creatinine L [LiR L7z & 2 5, AOHBEBRZFE® 7z (Fig.
3B), cytokeratin Y58 O JE A 1%, Rz KL A cobble-
stone-like %> & transitional 2 fibroblast-like ~Z5{L, L T >
% 2t &m%EL, D/P creatinine & HOMBIRALRICH > 7
ZEms, TOEEEC &V EEENSIED L35 L%
Zohlz, E7z, Fig2F TR Uiz & S, #HBME I
E— 27082 DL EFAES 2HER & | DFIES 2RER 2780
7o THIRE O MBRE AT & 2 HOEHREE OBETRIE, IR
IR E 7 4 VY —CIRIBL TR LTz, & 512, BEMEIT
et 2 fERR L 7208, Hh BRI OGRS & 13 F8 e hr o 72,
T/, FRLIDFEROFR 262, KAHETE, ©—7
D EASEBI DRI S 72 B I D I dp o T2, TETE
R OREEO M STEE L TL 2RSS H D,
SHBLG|IEHETET 2 TFETDH %,

Cytokeratin 512 1% D/P creatinine & O 1 & DFHEE
Bk 2 @8 7z (Fig. 3C), R LB IR % 2 S a4k
C2BHETCHMETDHY, PREMINEOD turnover rate D F5HE
W27 ERE SN T2, cytokeratin R DA 13,
WIS D KIBEAS B U, IERENHIIRE R 2L L T B
ZERRLTHEY, BEREAMEEROZI v D/P
creatinine ® PR 2O - & F 2 oz, F 7z, cytoker-
atin [BPEMIORIIEEAN M 2 0GR E T 5720, HER
NS L, RoABBRE o vz LRl s 7z,

2000 F£ EPS 774 K 7 4 iz kg, EPS OFHMBATR
i3, RGO I, RRERIE I D A, b
U Mt 2 7 — 7 s 2 A S T HEE 0
ERETHY, RKEMIREORD 2 L0H 20886 T
BFrneI3hnTna?, —J, EPS OREFIMETIC X,
JEsE T (R D D/P creatinine 23 ETC & 72 11 ] 8
23 high  transport Z 2 L CH Y, KIAMEEENT T high
transport & 7% % HF X EPS 1273 B WJREME S E W & 3R &
nTHEHY, BEEFHBMOLIIC XL D D/P creatinine /3%
ZZ), EPSOIEFELERZD I LHFEZ6NT WS, &

transitional,
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7~ L7z FCM Ot R (P A O K & &, cytokeratin
HOLRRE % 72 1% cytokeratin 4:3K) & D/P creatinine 3 X
UHEBSENTIAE Ot &, Gl O B2 L,
BN DD % & & T2 JEIENHIIRE R D2, 6 & U
EDFERE, 7% £ OIEFENZ L, 09U b EESENTIR 72
FICE S Wi wns, EEETTEREZE T 2 2 LR
Iz, Tabb, BFENRED GO LR BERIC X
D, MmO KREI{L, cobblestone-like #» & transitional
% fibroblast-like NDPREE LS MEMBHEREZE L, JB
BNEN L5 EFZ2 oz, Zs ORENZEIZ
EPS OEIE & 72 2 W[REMED B D, SRR & B
AT 2RENDH DL, 7z, FCM OHEIEE (FSC 8965
Ex ) 322 EROZNEETH 2 7: 0, 514,
MEREENT 5, BESEITE O pH LRE, IFEEML 0
FC L BRI 2 /ET 2 FETDH S,

FCM 3 #ifk 2 ZH T 2 2 Lic & v, HEMLAA oM
A, YA A A Y, TR =Y A0 &b H
ETE D720, BEENDREZZAICHRET 5 2 L]
RETH Db, & 512, PET WAL O BRBENHRE 2 R
Mwizzet, BFoaHzE L, HHEcREZTS 2
EMTE Tz, FCM % w7 EBEEAT PRI D 347 131K
JEZMEORE L LT, -FEHERICBWTETHS &
25,
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