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DNA FLOW CYTOMETRIC EVALUATION
OF SPERMATOGENESIS

PART 2: STUDIES ON MALE INFERTILITY
Shuichi Kawar
From the Department of Urology, School of Medicine, Yamaguchi University
(Director: Prof. J. Sakatoku)

Flow cytometric DNA analysis was performed on the testicular biopsy tissue obtained
from 17 oligospermic men, 25 azoospermic men and 5 normal men.

DNA histograms were made after viewing a small piece of biopsy tissue for a short time.
The DNA histograms were classified by eye into four types (Type A: Aspermatogenesis with-
out haploid cell, Type B: Maturation arrest at primary spermatocyte, Type C: Hyposperma-
togenesis, Type D: Normal spermatogenesis).

Analysis of the DNA histograms accurately revealed the proportion of haploid, diploid and
tetraploid cells. The DNA distributions for 5 normal men were 58.9+3.6% haploid cells,
24.3+3.8% diploid cells and 16.8+0.8% tetraploid cells.

between the proportion of haploid cells (%haploid) and the testicular volume.

Significant correlation was found

The results of the investigation of the correlation between the DNA distributions and
histological evaluations show that testicular degeneration increase proportionally to the

decrease in haploid cells. Therefore, the %haploid appears to be an effective index for the

quantitative evaluation of spermatogenesis.
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T BT RNIEE BEOBAHMA DNA B4k
REL/H Dix needle biopsy L2 Clausen
LRDREDLTHD. FEEx, F1ROTHRE LR
WEEZ T, BFREEBE O BHLE#KMN DNA
A% flow cytometry CHIFEL, MMSEAY SR
REOBIREBRE L. R BAUEE S X OB T
ELoBGRLAbE TR Yt -1,
Xt &4 U ik

NMEZEFRE L TIBIEIOR L H1984E2 AT
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ZL, BLERSHITIhBFREOAYHEEL
oo S bbbl ZRTRE6, EETFESHITH-
7o ERERRE L OREERNOE, BEoBT
BORABHAERES AlbxHE L.

1. BrREOHEE

AFRC THRIREI0OME R Y = » 7 xS
WTHMERA 5 v o — A TIOBHRL, HBRE . 1
A = VEERC ORI, REEELL.

2. BAREOUE

Wiy, IR FEBREBZHEC CIER S
FIBH E XD Orchidometer!” #FH L 1.

3. BAMEMRBREHE

BAHAERIZ Charny'™® DFBECHE - TR n-te.
BARBCERERZBD I HAI—HoEHERSY
1T, ERZLRDZHATL I AZTVCBRLOLEKY
KFT L.

a) BEER XU Hfn

ARESIIE BIC Bouin [H¥E% L paraffin /g
LTHh % Hematoxylin-Eosin JefaA 3 7r - 7o,

b) MRRFAYRHL

Johnsen® o score count % (Table 1) st or
il « fBA® DFF (Table 2) i THIEER) T %
BZitot.

¢ ) Flow cytometry I X % 534 #4F DNA £
FARIE

BAEREBO— ML H | WO TT T LA
BABUBEGE > CTRB L. ik, AREME
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7E#%, ribonuclease, pepsin LB, propidium
iodide T#; DNA % 8¥%f, flow cytometry
(Becton-Dickinson # FACS ) CT&#&fk3 x 10t
fEA#ilaD DNA EEHFELEL A+ 75 Ak B,
BHhice A+ /5 A0 peak DELIFEL,
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Table 1. Johnsen’s score count
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Testicular biopsy tissue

Incubation in 0.05% collagenase
for 60 min. at 37°C

Centrifuge for 5 min. at 400g
|
Fixation in 70% ethanol for 24 hrs. at 4°C
I
Treatment with 0.1% RN ase for 30 min. at 37°C

|
Treatment with 0.5% pepsin for 15 min. at 37T
|

Staining with propidium iodide

I
Flow cytometry

Fig. 1. Method

Bi¥gy- v 7L & L 60 channel Im7c% X 5 flow cyto-
metry ¥ L7 (Fig. 1).
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BEAE b — MO BALBR L A0 B OB
TRIF DNA v R b 75 2% 852 L NTRETH
wic. KRG DFER T 32D peak BNTWbdSh, £
» & haploid, diploid, tetraploid DO#ia% R4 &
Exbhic. SRERCERED 5 VCIZERCEV-EY
RTHEGITIL, 15 channel f5FIZ /KL peak 233
HHIBN, ThIXBIHETIHE LA L 51 sperm
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#RTEEL LR, flow cytometry @ scattering
threshold DLW/ I X h =D peak DKAX
IR h, SEOMIILEDOEMM BRI L1
¥ - diploid & tetraploid @ peak DOEicH 5 S
Moz b TnThh, h¥x B\ haploid,
diploid, tetraploid cell Df&¥% 100 & L CL&Hk
HRXBEH U7 (Table 3~5).

I. DNA e X+ 75 A D58

BFMEERELAR ICEEHES AL vBbhi:
DNA v R} 775 4% haploid cell & peak oF
%, haploid cell D »5H4& (LI %haploid &
B%3), ¥ LU tetraploid cell © peak DAF X X

D420 type KOKT B EHMTTRETH -7 (Fig.

2).
Type A:Aspermatogenesis without haploid cell
Haploid cell @ peak %»3% -3, diploid cell 3
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0% L% D2 2D A L 75 A THS. Ha-
ploid cell #Fbie\ & & X b BMBEORPUL sper-
matid ¥ THA TWHitW & E2 Hh, ¥ 7 tetraploid
cell DEIES 32 ThDh primary spermatocyte
SFELRWEEZ OGN LERTHSD. D type D
AT AR TIOL LT, BEFENCITTHII -
RRAGER X5 &, | WTEHRE, [ Sertoli tubules
e Ma OFHERETHETELE D IchT sperma-
togonia ¥ COHMUIC E X FATMNE TS,

Type B : Maturation arrest at primary sper-
matocyte

Haploid cell @ peak % Type A & [FA#EIERD
T, 2BMDOe A} S5 ATHBAE, tetraploid cell
@ peak MNEPIC A X, tetraploid THRMBEOK
BHRIEE > T B EEZLORABERNTHS. BB
% tetraploid DK% D% primary sper-

Table 3. DNA distributions obtained from azoospermic men

No. Age Testicular DNA distributions Johnsen Histological
volume (ml) (%) score classification
(rt.~-1t.) 1cC 2cC 4 C

1 31 6 6 0 95.0 5.0 .0 I

2 31 4 - 4 0 93.4 6.6 6 I

3 28 19 22 23.6 47.3 29.1 IIb

4 27 6 - 6 0 97.3 2.7 I

5 36 12 - 12 0 94 .6 5.4 0 I

6 30 16 - 16 40.1 44 .9 15.0 3 mb
7 33 10 14 0 96.5 3.5 0 T
8 30 5 4 0 94.0 6.0 .0 o

9 31 10 - 10 0 93.6 6.4 .2 I
10 32 5 - 6 0 98.1 1.9 .0 I
11 34 10 - 10 0 96 .0 4.0 0 I
12 27 9 9 7.9 85.8 6.3 3.8 Ola
13 31 26 - 60.9 18.6 20.5 8.6 Iic
14 33 8 - 8 0 67.3 32.7 .5 ITa
15 30 19 - 19 50.0 28.5 21.5 olc
16 28 26 19 42,2 30.7 27.7 TIc
17 30 12 - 12 0 96.1 3.9 . I
18 36 22 19 62.7 19 .4 17.9 . IIc
19 35 12 12 0 95.1 4.9 I
20 31 12 - 12 4.3 87 .4 8.3 ITa
21 28 26 - - 52.9 24.0 23.1 v
22 35 22 -~ 20 55.2 27.1 17.7 8. IIc
23 29 8 - 8 0 96 .1 3.9 1. I
24 32 5 - 4 0 95.0 5.0 2. s
25 28 12 - 10 0 70.1 29.9 4, IIa
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Table 4. DNA distributions obtained from oligospermic men
No. Age Sperm Testicular DNA distributions Johnsen Histological
count  volume(ml) (%) score classification
( 10¥ml) (rt.-1t.) 1c¢C 2°¢c 4cC
1 31 0.1 6 - 6 21.0 68.2 10.8 3.9 b
2 29 2.0 19 - 16 36.5 44.3 19.2 IIc
3 32 8.2 16 - 16 45.8 30.9 23.3 7.6 IOc
4 32 2.5 10 - 10 28.7 55.6 15.7 6.7 IIb
5 31 0.1 12 - 12 29.8 53.9 16.3 5.3 IIb
6 29 0.1 14 - 14 18.0 63.1 18.9 3.8 ITa
7 29 0.1 14 - 16 35.5 44,0 20.5 5 ITb
8 32 3.2 12 - 14 54.7 30.1 15.2 7.2 IOc
9 24 0.1 12 - 14 5.7 84.0 10.3 .7 ITa
10 32 32.2 22 - 19 60.9 21.6 17.5 8.9 v
11 40 1.2 l6 -~ 14 45 .4 25.3 29.3 4.4 IOIb
12 28 0.1 10 - 10 14.0 75.3 10.7 4.7 ITa
13 31 25.1 22 - 22 56 .3 23.1 20.6 8.8 v
14 36 3.2 14 - 10 41.3 44,2 14.5 8.8 IIc
15 30 0.1 12 - 12 16.2 60.0 23.8 . IdTa
16 34 0.7 19 - 16 40.7 38.9 20.4 7.2 IIc
17 30 0.5 20 - 20 28.3 51.8 19.9 6.5 IIb
Table 5. DNA distributions obtained from normal men
No. Age Testicular DNA distributions Johnsen Histological
volume (ml) ( %) score classification
(rt.-1t.) 1cC 2cC 4 C
1 35 22 22 54.2 29.6 16.2 9.5 v
2 40 19 19 63.4 19.2 17 .4 9.3 ing
3 38 16 19 57.1 25.3 17.6 9.7 v
4 20 22 22 61.4 22.8 15.8 9.2 w
5 31 19 19 58.8 24.6 16.6 9.5 iavs
mean 58.9 24.3 16.8 9.4
(£S.D.) (£3.6) (£3.8) (£0.8) (x0.2)
matocyte T maturation arrest ¥ &/ L, [[a # 5.

wE&Ehs., Table 3 OfEH14,
4% h, tetraploid DE&IL25% L LETHB.
Type C: Hypospermatogenesis
LA NS AL THD,

25 D type I©

haploid cell (%58

» 5N BH, %haploid MNIEMBEL b 42 ¢, haploid
cell @ peak ASHERANC/NE W type THB., L&
iz haploid cell ® peak DEHIZ sperm D/
peak FEDH 4 HLRTI L b H B, HMFHII
Ib, Mc DFEENS BERTFERALE» G h

Type D: Normal spermatogenesis

LANZFAX41&METH b, haploid cell ©
peak NEHZKEL, £DEHIIT sperm LEZ
LR BAI peak AP HhB. AEFEHEV
BOERERTOT, MNRE LIRSS REFOER
B5OIL, METREORKRHAEANO—ENRETIS.
haploid, diploid, tetraploid cell D#|&i, FHR
T58.9%3.6%, 24.3+3.8%, 16.8+0.8% Th -1
E#fEA%Y mean+2SD &35 & Zhaploid (351.7
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Fig. 2. Classification of DNA histograms
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Fig. 3. Johnsen's score & % haploid

FBh66. 1% Lis 5.

2. MRRFERIGHE & Z%haploid DBk

Haploid cell (LRERIIEN MBS Ll BoMlaT
spermatid %% 51> L Tk », Fhaploid % diploid
% tetraploid cell DM LR X h K/ OK #o
BEYL-L3RLTWEEELDLRS. UTF
%haploid & (3 DEMFH I & O By kB Z

Lot

(1) Johnsen’s score & Zhaploid

Johnsen’s score & Z%haploid & DBEJRH ZRiD
7 Fig. 83 TH5. TORKEE, MHBEAGRHK 0.922 (P
0.001) LA/ HEBIBIMRA FRD bhte. Score A32
AT 0 12EBE 2B FZhaploid 1X 0% Th-1e. F
72 score A4 Ll LT %haploid 70 % %R 2 6l
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Wi d primary spermatocyte T¢> maturation
arrest DFEFITH -7z, Score 215 LI EDIERNT
Fh{ haploid cell 2FEAEL, score AAKEL L5
oRhT, %haploid bk &< e HANED bh
7z. Zhaploid #340% Ll -4 b azoospermia % 27
%% D (Table 3 §EMI3, 15 16, 18, 21, 22) iX,
WIh D BRER TR BR O BBEEN R I
THEBITCHS.

(2) Il - fBFS5% & %haploid ©BIF%

BRBEORHNR L DBBE THA TV Eh &V 55
METRI Y GBE koM -BESEES
haploid DBEEY Z7zDM Fig. 4 Thsd. LOKE
I, I T34l %haploid i2 0% Th-7%. Ma T
138.3+7.1%, b 31.6%+8.3%, IMc49.0+9.1%,

WIRFCE 3%

15

0.001). =X 5k DERIORBS LI L
& L1ohi- T %haploid 23k &L /b G RD S
hie.

3. %haploid & TR ORI

SEF T I - e B4, azoospermia 3 X UY
FF#E 1x108/ml LIFo@E: oligospermia o
FEBIA80% % Tk b, %haploid & BETFRER It
AL BFEEEDSD ZLIX TElah o, LhL
%haploid %10 % DIEFL TN T azoospermia Th
b, oligospermia DEFITILALH haploid cell A
FEL.

4. Zhaploid * ZAAE OB

%haploid * BAREDBIR% Fig. 5 KR L.
FEBOES 0.806 (P<C0.001) L% 7 HIBABIGEAFA®

19854F

V 56.7+4. 14 L £BCEBRENBDOAL (P bhic. Lol #AKE 10~16ml T2 Hhaploid
o
60 ° -
o I'
® [+
_ 50 °
3 e To
o 40 o 3
2 .« °
2 30 :
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o 20 . d o Azoospermia
< :
H
o B ‘o
I 1 Da Wb Hc N
HIU RS D S A
Fig. 4. i)l « BA4¥ & % haploid
sof r=0.806
50 y=2.93x-17.6
n=42
— 40 pP<0-001
E ¢ Oligospermia
4 ° Azoospermia
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o
o
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o ©
o080 oo San .
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mi

Testicular volume

Fig. 5. BAKE L % haploid



JIiFF : flow cytometry « HFARTIE 93

MOBH D54 TH LM Y DIELOERED ORI

z -3

e P BADERD Charny™ic & » THREI L TL
¥, BFTNEEOZH « FHRHEE, KREEORED:
DEAEROBHBEHIRFLIEL B icbh TV a.
4B ET, TOABFIRHELE L (SROBED D
BH, KHLTUTO 3 20RkfichiFbhs.

(1) ASSTHEETORBERNFRYFLELT
K& { S¥ L7z Nelson®, {EED oFEHizk.

(2) WFREL WAk E 088 E THRAL T
VB0 TREMETT R BEEEIRTL 5 5\ IKERFEEVRE
% AREE LECHE O RS O HHE TR T IUBUREY
FEL X5 & 3% Johnsen?, de Krester®, i)l
B8, FN OFElizk.

(3) FHEPH#1a% spermatogonia, primary
spermatocyte (X HiZ#l4s{ leptotene, pachytene
=448 ), secondary spermatocyte, spermatid 35 X
O sertoli cell W MH, AMBEEREL, &DR
RoBEOMa & DREFET B0 X » THEFE
REA ST U7 Tjioe?, Steinberger 5H¥, MO DEE
it

Ll Eos¥fiizk o TU) ORI, B ¥R EMEE
THERATH B0, FENAKETE TERMCHE T
BEFHET 2 OREEETH H, SROBMEDOKBS
D ERTERT A LDHEEDEBRNRALZ &
B\ E DD ERINCIEFHAE D% 35 7
5 7cdiid(2), Q)DFHEEY A2 LELD D, Tob
TH Q)DL X b R RMIE R FHE L T 5 &
Exbhsd. LhLZoQ)OFHMIEDL HHaoAK
PEFHEOMIA0 B B ez BRI L HIES
PURETH Y, RSB ORBAEYHRETS bk
DR EFNBRBETHS.

Flow cytometry THIE L /= Mlifig i L % K57
TWBEEDRHTI(3) & [ USRBE DT & % % B B o
BB & e BRI, flow cytome-
try TOREHERENIERGET S5 S LEL, &
BR CERCERL2E AR OERNRE IR T
5.

Tk Clausen 5320808 FRITEBRZ 0 &
AMMP DNA B4k needle biopsy DA% fl
WT flow cytometry CHIEL, BEEXhi-8iT
(X DNA BOHNEFRE RES BB L @
LTuwah, MMREN TR L oB#E M SV T E
BELUT sy, FE#EL, SBAUBERELRY AT
flow cytometry T DNA ESMEXETHL LD

2, FEALOEMEARLIESL, EROBMFIIRH
R, WEOBERYHMCRE L. £o&R,
flow cytometry & X 2 K5 FHBRED /M D A F kA
HFoZ&i@Bdbni.

1. DNA &} 77 20FAK

30 channel ffFo peak DF & X » haploid
cell DEME, TiebbBMOBHS spermatid ¥
THEALTHBLWIhOHENTRETH 5. Haploid
cell > peak HEET BHE, £ D peak & diploid
cell @ peak DEIXYHETHZ & THTFEBBEN
EoREBEINTVWAMHIEESAS. EFRTI,
haploid cell @ peak (% diploid cell ® peak D#j
4 IEOBIN B BH, oligospermia DEETHETH
BAEEI TV EELLRDEFATE 220
peak ANUUTF UB XAy, haploid cell dpeak ©F
PINZ I T 5.

Z D3, tetraploid cell ® peak DEXZX RS
LI X b primary spermatocyte “C¢D maturation
arrest ¥H15 Z EMEIEETH b, 15 channel fHiFD
peak DOFMET sperm BIFET LWL OHED
AHETH - 1.

DL LA ZFAE—RLTUT D420
type ICRETIREER BT H 2 LOSTRETH 5.

Type A:Aspermatogenesis without haploid cell

Type B: Maturation arrest at primary sper-
matocyte

Type C: Hypospermatogenesis

Type D: Normal spermatogenesis

% type FIOHELY, azoospermia DIER TILA:
52%, B 8%, C 24%, D 16% T, oligosper-
mia TIXA, BIX0%TC :82%, D:18% & iBEH"
6P DO & RKEFRD D hich -,

¥ ABFENCEEOHEA TWBHEATIL, £33
@ peak o coefficient of variation (CV) »K¥
{7ixbh peak DEMNAEL s HEALREDLR, &<
. Z OfFAL, haploid cell ® peak TEBHTH-
fo. COB, FEHE X h 8t de Krester
59 24 LI abnormal germ cell 23&HTEFEL
ZOBO TR L% b0k ELZ Hh, abnormal
cell 2% spermatid KWHLFET B EEH—HLT
WA,

2. %haploid nFHM

%haploid & Johnsen’s score (/3 FEBIFREL0. 922
& HHBIBAMRA ER® b, Johnsen’s score D 3 ~9 D
L ¥ B hypospermatogenesis DFEPIT score A3
KRELLBE LA - T Hhaploid Ak b
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FAER BWb bht. Fic Hhaploid &Il « fBK
SBOBFEERTL, Da~c OBTFHETLAT,
WRARENBRER fe B Lokt T %haploid Ak
¥ o TWWe. 20 X 51 %haploid & LT
hypospermatogenesis DOERAIFHMIL ATREL EX b
ha.

SEIDFETIE, EHHD %haploid i158.9+3.6
% &ich, Clausen 51 D#ED46.7+10.0% LD
HEL D hiehKEL - Tk, Thid, FH, &
BERRicszlic kst E2Oh%.

*0i3h, BERPOFR THSEANEEL Zhaploid
CHBBGEA D bR oA, BT EBEL Zhaploid
Zix, SEIOEF DKL azoospermia B X UK
FHEE 1x105/ml LI FOERE oligospermia TH -
Feted HHBIBE R R R fehs » fo.

UED X 3@ DNA vA 27548 L0 %ha-
ploid X FHHRIEDOHEESL L TR ERATHS &
Ex bhb., ULnlichit, Sertoli tubules B ofE
& spermatogonia T¢> maturation arrest DJE
Bz DNA A+ 273 ah L Type A @i i
BIMREETH b, FIKEMEOBRDOKN, HBHED
h OREMIRE, BEEORED FHL, flow cyto-
metry & X% DNA 47 HEL S HFIEE TS
5. Lo, FERE DNA BSHAESE Hb
BT, ILKEBENBRRE IR LY, B
FHBRER X b IEREC, EEMCEHHE T3 2 &23FTRE
ThoHLELONS.

L B

BFTHERE 20, BERBRREOIEREE S flo8
S4B DNA B47% flow cytometry % 8
WCRIEL, MRS & OBk R, HUTo
EREE.

1. HEOE SPEROBEALR E RAtROP B OMAM
R T, G TRIF DNA e A+ 2752401856
hie.

2. LA 75 A0% peak DEMEHE T &
iz X b haploid, diploid, tetraploid cell D#ifgt:
ROEMC A IR,

3. IE#®Eo haploid, diploid, tetraploid cell
DOHNFRIESB. 9£3.6%, 24.313.8%, 16.8+0.8
%THoI.

4. ©A 75 A% haploid cell ® peak DEH
# L O° haploid, tetraploid cell ©» peak DKAE X
X b, Type A: Aspermatogenesis without haploid

cell, Type B: Maturation arrest at primary sper-
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matocyte, Type G : Hypospermatogenesis, Type
D : Normal spermatogenesis @ 42D type [t
HEOTRECH - 1.

5. BHEEMN /NI 7B Lichi» T, haploid
cell Db LEIA (Hhaploid) /&), HE
DR AR BB D TS bh e,

6. %haploid & Johnsen’s score I XU'FJI -
feASEE DBIRERE T 5 &, Jhaploid IXETH#
BAEE IR D Lichis TREL 7D, FBTFHRE
DERICIER It 55t E2bh%.

WAERA B S0, BBEL2HEY, ARNEE- -
EER AR AR LT Y. MBS, B
BEELRK EE LD REESRE 2 FRELEORE
RPN HOBERLET.
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