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FLOW CYTOMETRIC ANALYSIS OF PERIPHERAL T LYMPHOCYTES
FROM PATIENTS WITH MYCOBACTERIAL DISEASES

Masako WADA *
(Received for publication October 4, 1991)

Flow cytometric analysis was carried out on peripheral blood cells from patients with
tuberculosis (TB) (n=84) and with mycobacteriosis other than tuberculosis (MOTT) (n=38).
A whole blood—staining—hemolysis procedure was used for the preparation of samples being
analyzed, and the cells were double—stained with various combinations of fluorescein
isothiocyanate (FITC)— and phycoerythrin (PE)— labeled monoclonal antibodies. These
procedures enabled us to obtain quite reproducible results. As patients of more than 70
years old showed apparently distinct T lymphocyte profiles compared with those less than
70 years of age, this investigation was carried out only on patients of less than 70 years old.

1) The proportion of total lymphocytes to total leukocytes was significantly low in TB—
and MOTT- groups, when compared with that in the healthy control group, although the
total peripheral leukocyte number was not significantly different from each other. Thus,
absolute numbers of lymphocytes were decreased significantly in TB— and MOTT- patients.

2) The numbers of both T and B lymphocytes in peripheral blood decreased in patients of
both groups, leaving the ratio of T/B relatively constant.

3) Both CD4*/CD8™ and CD4 /CD8" subsets of T lymphocytes decreased in TB— as well
as MOTT- groups. However, the decrease in CD4'/CD8  subset was more manifest than
that in CD4™/CD8" subset. Among CD4*/CD8” subset the proportion of the Leu8* subpopula-
tion was slightly lower and among CD47/CD8" subset CD11b~ subpopulation was slightly
higher in both TB— and MOTT- groups than in healthy control group.

4) There was no significant difference in proportions of IL—2-receptor (p55 @ chain)
positive as well as HLA-DR positive T—lymphocytes between patient groups and healthy
control group.

5) Both TB— and MOTT- groups were subdivided according to the extent of pulmonary
lesion. Patients with the larger lesion showed remarkable decreases in the ratio of T lym-
phocytes to total peripheral leukocytes, the number of T lymphocytes, and the numbers of

* From the Reseach Institute, Japan Anti—Tuberculosis Association, 3—-1-24 Matsuyama,
Kiyose—shi, Tokyo 204 Japan.
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CD4"/CD8™ and CD4 /CDS8" subsets, when compared with those with the smaller lesion.
6) Although the averages of absolute numbers of T lymphocytes, CD4"/CD8™ and CD4/
CD8" subsets were lower in patient groups than in the control group and the ratios of these

to total lymphocyte counts and the ratio of CD4" to CD8" subsets were not significantly

different between patient groups and control group, the distributions of each value of

individual person were far broad in patient groups.
From the above results, it was concluded that immune state of TB and MOTT patients
was distributed along an “immunological spectrum” which far extended over both high and

low extremes of the normal range.

In order to grasp clinical state and to predict the prognosis of the disease in an

individual patient, it may be important to judge at which point on the spectrum immune

state of the patient is located and to which direction on the spectrum it is moving along.

Key words : Tuberculosis, Mycobacteriosis
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FEROE IR b N BERE Mycobacterium tuberculo-
sis DL & » TER SN B ERIETH 505, M.
tuberculosis DK% Z1F 12+ NT Db BRI
PR E L COIEIC L 5D TRV, K5 D L b
TREKERL, BEME (dormant) O Fick &
T, —#OE b TOBEERNSEIENRRT 5
EFDLHtE b, Lo, EDkIHEHTT, BEN
IR O BRI IS TR~ SR & % » ORI,
ORI E > THEEMIRD > 25 b, KOEED
BETH I bbb oTIBEAEAHOE FITEKES N
T\ B, BN EG D O BTN S FR A~ DR & BE
TRHEEE L TR, HHICREER - BYUHRE S & DR
KR O ZER P REIRKE « BY7 « KEHI R b L 2« IR
BOANE EOFEFMOIFAERNERSZE L 200
BoOROVY, ROGBELERNIE, BHEORKEICHT S
HRINGIEIGERETH 5 5. BHEOIHBFRHEROZ S
b, Bo < BOEIRERENOREE N L CRHIBERKICHIR
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)7 >vEYyY (RFP) &4 v =79V F (INH) %
i & 3 B SR IS PUERAIIERGT & - THRIRIIC IR L
1EEZONAEMIEOHBRITIOWTS, M. tuber-
culosis & 0 bIFFEMEATE K 2431 BRI RBGLHI 1S A
2 bo7F0fid I a~NxsF )7 MOTT) IK&bW0b
W3 [IEERPREE MOTT )] ORKIC>WVTH
BEAMICEBEDC EAVAI LD, TNHDEEAE, KE
BB DR P BRI « APHRBICHRT 2R ED
FRTHIEER, B AL EERIER © FRETE « KB SRR

FEL WD VWTHEF LT NEE SV, RERR
TR EEO LB RERETH S EEA 5N 5,

YaNy ) TREQEICB T B REINE I, B
B & OIEERLBHERIE D W h & Riab: s i I &
550THY, TV Y HKOFELZ DY 72y b AHHILK
AR A L TWBEYY, Rl ORI A RIE R
(AIDS) DfT &R LT, AIDS BE I 3mFIH
WHE® MOTT FEAEPET 2 T EAMEEh TV 397,
chide NEEALY 4 LR (HIV) ORI E - T,
Ty vosER, i, CD4™ TV v EROBD & BREIET
BT, TORERELT, F0E CEBENEREIC
L& > TWe M. tuberculosis DBEGEMFRFICE T
EL, $3Wd, M. avium complex %IEHEd 5%
MOTT &k » TEPAZIRFTHEEL 0N TV 5,
DT &l M. tuberculosis 1T & BN 12 G AR
R FIRIC\W 2B A =R AB L MOTT fiE DG -
RIFED AN =R LITBT BT Y v EROJULH R & 2
HO1HTHMIARELTWS,

EERES £ O MOTT FEIC B 2RMIM ) /38K,
i, TY VY NEROBEEICSOWTIE, TTREhDOHR
DD g B3, HES LD &5 B EERE
A= M. tuberculosis DWSHERI LY & FEIH
DOHENE « IBFHE TR OFME « MOTT fEDRKIL » 3 23
75 ) 7 IRYHE O#AL (EMERESHERL) 8 &R
LTWBEEMY 27 « 7 7 7 & —DFEERFMRD B
L LT, WEMIES LU MOTT EBRZE ORI Y » /¥
DA EIT > TE T, BkD BHANB SN e O THE
T %,
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1) R MEE AT RE+FRBE I AR /-
IFEBEHROREIGIES £ O MOTT fEDEE AR E L,
FIHIRE ORER, 70 Ll L O EkE TI1E 70 kit o
BEARMIMY v SEROBEMMSIHS MicE->THBY, —4
70 ARl D B FME T RERMIC L ZPS L IEERAS
NE» - 70T, KIWTIE 70 AR DBEEHTONF
REL, M0EULEOEREICS VWTIRAERTHRES 5,

T B 2AERKTTZ0HT,  FE T TRbe s & U AR
REHEDOREERT, BISOTHRBEZUH TRENE L,
IEREBICHEST L T3 70 Rl 0# 2 @EIEE
Ll Thoo&Bo A, Fickh, H#% Table
1iT/R L7,
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2) 7a—H%A b XY - RKEERINK 1ml %
EDTA fnfRIM&E I & b, +50ciBERL, BREik s Ui,
S RIERIE UTIRIMY BHICiT 5 7208, DHBIciRER
PREFL CEBFRIICOT Lo 7O =4 M X b Y —
DEMEFIEZ Fig. 1 IK/R L1z, T8 B, SO
78— VHRS pl AN 50ul 2MA, RPmIciEM
U 7ok, 4°C ¥ K5 AT i 30 43 RilEE L CHmfa = gy,
Lysing Solution® (Becton—Dickinson #) 10 {5
Bl (sl % B L TRBKT 10 5 Fm R L b
D) 1.0ml %MMZ, Vortex mixer THEHEE 4°C B
FTIC & 51T 30 47 fKE L CTARIMERZ FA M, iR T 1, 300
rpm 5 srfEE LT BB AEET, fMila~<Lr .y b % PBS
(pH7.3) T 2 ELELLER, RE~<LV v b%0.3ml D
PBS icifilis &, 7o —%4 k2 b Y -0k &

Table 1. Background of the Subject

Sex Age

Male : Female | Mean*=S.D. (Range)

Group Number
Healthy Control 44
Tuberculosis 84
MOTT 38

22 : 22
69 : 15
16 : 22

44.3%£12.5 (23~68)
44.0+14.4 (14~69)
56.4+10.5 (28~69)

Fig. 1. Procedures for FACS Analysis

Staining

Mix gently

Hemolysis and Fixation

Washing

by centrifugation

Fluorescence—labeled monoclonal antibody 5l
Add peripheral blood 50 ul

Keep in dark-cold for 30 min.

Add Lysing Solution (x10) 1ml
Mix by Vortex—mixer
Keep in dark—cold for 30 min.

Centrifuge at 1,300 rpm for 5 min.
Discard the supernatant
Wash the pellets with PBS (pH 7.3) x 2

Final Sample for FACS Analysis

FACS Analysis

Suspend the pellets with 0.3 ml PBS
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Table 2. Combination of Monoclonal Antibodies for
Two—Color Staining
Tube No. FITC—-labeled PE-labeled
1 * HLe—1 (CD45) Leu M3 (CD14)
2 % IgG1 Ing
3 * Leud4 (CD3) Leu 12 (CD19)
4 * Leu3 (CD4) Leu 2 (CD8)
5 * Leu4 (CD3) HLA-DR
6 * Leu3 (CD4) Leu 8
7 Leud4 (CD3) IL-2-R (CD25)
8 Leu 2a (CDB8) Leu 15 (CD11b)
* Commercially available precombined reagents
(Simultest : Becton—Dickinson) were used
Table 3. Total Leukocytes, Total Lymphocytes, T— and B—Lymphocytes
Total Total Lymphocytes T-Lymphocytes B-Lymphocytes
Group | Leukocytes
No. * % ** NO. * % *** : No. * % *** : NO. *
Healthy | 6638+2018 | 28.1% 8.2 1830+ 498 69.3+ 9.2 1254+ 344 14.0+ 7.1 251+ 123
Control
TB 6646+2001 | 20.6+ 8.1 1304+ 526" 67.4+= 8.7 871+ 362° 12.2+ 6.3 158+ 111*
MOTT 5929+1780 | 19.4+ 7.17 1106+ 4427 67.8+10.7 761+ 409* 12.0+ 6.0 132+ 85"
* Numbers per mm®
* K Percentage to total leukocytes
* % % Percentage to total lymphocytes
+ Statistically significant (p<{0.01)
L7

Ju—4%A rAFY—icld, FACScan™ (Becton—
Dickinson #) %AWV, ¥ — % 1d Simul Set® v 7
b2 T7EHVWT IOy E=F 0 27 ITPEL, Simul
Set D IF UG LT Consort 30, Paint—a—Gate®
BEDY 7Y =T ERHOTHEIT L

3) HOLEE#E 7 o — v Bk : Fluorescein isothio-
cyanate (FITC) #XU Phycoerythrin (PE) THE
#L 2 oMy o— vHifA% Table. 2 IR L7 &
S I AE T TEROLAET > 70, TN SHUAIR Becton
—Dickinson—BER & O A L 7o

4) BEMBRE : 7o —H A b A M) —%fTo7cDL
E—® EDTA AR > W© T BB MK R
(Sysmex E—4000 : HEERMAET) 2RV THRAIME
BEREL I,

5) #EHE - 2 hF OB OB & BHEREE
2L, Student Dt 7 A MiT & > TEOHEMEER
E Lo

1) BEAIMmEk, #BY v 58k, THIUBY V¥
fiigEiE, MOTT fif B3 & IEH R IEE O RISIMEE
MEREL, Y v ERoRAMmBRIC T 2R EEK, T
BELUBY voNBROKY v oERITd B R EFEHE
Table 3 IZ/R L 7o

Table3 lc/RL7z&Sic TB 8LV MOTT BT,
B v oSEROIBEIMBRENC XS B LR IEH W IREE &t
HLUTHEBEIELS, —F, AMMh o H sk 3
BMERLEEHRBE TEROEN L P > 12DT, BY
VoSEROER, TBEERE SICERMBRID 6F L
CIEFLTW TY v NBRBLUB Y v BROELI,
fEEHO VTN b IERNBE LD bERICETLTY
1o

—7F, THIUBY v EROR Y v BBt 3 5
R BB CREICET LT, T/B HLIZHE
FIEE ICHEF STV,
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Table 4. Comparison of T-Lymphocytes Subsets
Group CD4* CD#'Leus* {CD4'Leu§” cD§' | CD8"CDIIb* | CD'CDILb™ | CD4/CD8
% i NO. % i % % L oNo. i % i %
Healthy | 45.8% 7.1 8184219 | 37.8+ 8.0 | 8.6+3.3 | 37.0+ 8.2 692253 | 12553 | 20.3% 6.4 | 131+0.42
Control : E E
TB 4.6+ 9.71 5682367 36.2+ 9.5 | 85538 | 382+ 9.01 5064252 | 13.2£6.8 {227+ 8.8 |L129+0.58
MOTT |44.3+10.3} 500+253°| 36.6+10.0 | 8.654.6 38.1+10.0 | 4144177 D 12.645.8 | 25.4213.2" | 1.28+0.54

% show the proportion to total lymphocytes
+ Statistically significant (p<(0.01)
++ Statistically significant (0.01<p<0.05)

Table 5. Rates of Cases Exceeded the Normal Range

CD4 (%) * CD8 (%) * CD4/CD8 CD4 (No.) CD8 (No.)
Group Above Below Above Below | Above Below | Above Below Above Below
Healthy Conrtol (44) | 2.3 | 2.3 | 2.3 | 93 1 0 | 29 i 0 29 i 0
T B (84) 83 | 6.0 | 71 710 L2 | L2 P20 % 0 | 95
MOTT  (38) 79 1105 | 7.9 79 [ 26 | 0 263 0 | 53

Figures show % of the cases who showed values below or above the normal range to total number in the respective group.

* Percentage to total lymphocytes

Table 6. IL—2—R Positive and HLA—-DR Positive T-Lymphocytes

IL-2-R (+) HLA-DR (+)
% to Total % toT % to Total % toT
Lymphocytes : Lymphocytes | Lymphocytes | Lymphocytes
Healthy Control 15.9£7.2 ! 23.4+11.4 22.9+ 7.7 : 33.2%£10.5
TB 14.2+7.1 21.2+10.1 21.2%10.0 31.4%£13.4
MOTT 13.6£5.3 19.9+ 7.0 22.5+12.3 32.7£16.4

2) CD4* BLUCD8" TV v ¥BkEZDH 7+ v b

CD4™ T ) v 58RI 7 5 & I F B E & MUK
(MHC) & & bicfipRasnpiE2ERL, FELT
helper/inducer ¥REA /RS 25, &SI Leu 8 H2
o — vkt & > TCD4" Leu 8 @ suppressor—in-
ducer TV v/¥BkE CD4™ Leu 8 @ helper T Y ¥ /¥
Ricaasnhs, —F4, CD8" TV v ¥8kid”7 5 R 1
MHC & &b icdRs iR Z2R5 L, F£& LT sup-
pressor/cytotoxic #HE % /R 3 A%, & S5icHi CD1lb
(Leu 15) Bz o— vHifkick - T, CD8" CD1lb" @
suppressor T Y v ¥8k& CD8" CD1lb™ @ cytotoxic
Ty v BREICHREND, TNOTY YNy T2y
b DR v oSERICKTS B R EFEE Table 4 ITRL
7o

Table 4 WRL7&SICTB BHBLU MOTT BT
i, T Y v ¥8ko CD4*/CD8™ &L CD4™/CD8" I

+ 7y POEKIZE G, EEEEILKLTER
KK LTH D, CD4/CD8 + 7€ v b DRFDDIZ
52 CD4™/CD8" + 7 & kDMLY bFEHTH -
126

1%, CD4* T Y v /¥R TI3, Leu 8 0% 72y b
AHEERTERMREICHLPPETF L TVWANER
T <, Leu8 ¥ 7ty MTRENED» 7, CD8"
T Y v kT, CDlIlbY @+ 7+ » b @ HFRITIEH
EERLIETHRBEOMcABEOZEIRE L, CDIlb”
DY Ty b RIGEEHTCLELANALN, DS
MOTT #TRIEFMBEICH L THED LA TH - 1,

Fig. 2 10, RIEFICHB T 5 CD4/CD8 BL U
CD4™/CD8" T Y v S EROEH DA &R L, IEH
SHBEEOSPIME £ 2 < B RE L IEF#@A L Lo L &,
EEEEA TE - TERWEZ/RTHD, CD4™ T Y vo3
T REKET25.0 %, MOTT BT 26.3 % & &\l
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Fig. 2. Distribution of Numbers of CD4" and
CD8" T Cells
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Fig. 3. Distribution of Percentage of CD4" and
CD8" T Cells to Total Lymphocytes

BPEITB O THMRBRESADEL T AIDS Ic#EES
Dfaisf e LT [CDA'T U v Bk FE A 250
/mm® LIF | ®% pBEESNTOBH, FEHET 64
(7.1%), MOTTBET5# (18.2%) TCD4* T Y v
INERDERAH 250/mm® & FEl- T\ 2 EikEHIC
9 3,

T ) YNREREH 72 o bORRY v oERITH T B HRT
A1I54, Table 4 IT/RLLHITCD4 8LV CDS*
T Y v SEROMY v SERICHd BRIV b, fEk%
B« MOTT & bic, BELTHELALE XITIBIER
SEEEOMIcKETVERAONLBL >k, £z,
CD4"/CD8" thb i BER & bICIERH MR EE LV
ERBhrot, UL Fig. 3 BLU Fig. 4 1WRT &
T, BEMIT>VTOCD4 BLUCD8 TY v~
R oy vosEkBuckt 4 % B L' CD4Y/CD8*
g, #EMES L0 MOTT BHich - T3, ERIEE
DFEE+ 2 x FEERFE RSN A IEFE#HA%Z FT oM
HENCHBA TR BEDIIEWSHE/R LT, Table 51c%
EWrck DT, CDA™ T Y v/ ERD RS IE F P %8
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ZTEVEIBFEEEET8.3 %, MOTTHTT.9 %50,
EHEER A2 TR 2 EWEIBSZNEN6.0 %, 10.5 %TdH
57, CD8" DR TREVHI BRI T 1.1 %,
MOTT HT79%Tdy, KEHMIHEL bIZEh-
720 CD4"/CD8" Hic> W T3, FEKEETIRIERERH
ZBATEOWHINTL %, BOHID1.2 %HD, MOTT
BTRThTn1.9 %, 2.6 %d -1,

3) TEHALT v v vER

T Y NEREPUERP <4 b Y = ORI & - T
fbds&, 1 vs—o1+v-2 (AL-2) AW 5
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L& bz, mkaEEmc IL-2 v 74— (IL-2-R)
B L, X5ty 532101 MHC T» % HLA-DR %
BT BLIICH D, Table 6 ICHEEEIEHABELE
DOXRMMMY ¥ SFRIC>WT, ThSZEFHRELTHWBETY
VSERO AR Utc, 8 v oskicxtd 2R TcHT
b, T v RRicxd ahFETAHTH, [L-2-R B
T Y v/°8k, HLA-DR BT V) ¥ ~ERDHARIC I3
BEREDICEFTWHEEEORICEROERA SNED
5712 Table ICEBRE S o chs, T v YERED
RWOERBL T, TNSTEMLT U v v BROERIL, i
BEBTHEY LTV,

4) BEIRFTR & o

BB O WTHRATR ERBIMT ) v X707 4
V& DR Ut ERAERL AR R
OIEAS D B, AL & B PEERIRILS (RsePER 0B
fabhfbny) 72 EoflSe o R EBEEF 2 IS TR
L&A, REDOIENDITE > THI BAI, s
D 3DHEFEHAD 1 OHREE DORT Table 7 IZ/RL
T2 & DO I ENED S t,

F = F RSB o 1o hs, WEOIH D 2 % Frflfitio
MR EMZEHESI NPT 2a L 2bICTT, 050 3
L 2a, HEMD 2b & Lo e b EREDEHNR
B oNTHS, ZEOREEIIEAY 3 LN 1 Lo
HEOWED bRRNESD T,

THbL, FROIESY OREFVERTE, 8L D
INE VIR E IR LTI Y v o ERo R EIflER i g B
FRIFHEEICEL, BY v BRROFER, TV v EROEH,
CD4" BV CD8" TV v NERDFEIZ, Parsh DX
WHBE TR D /NS WHERE L W L THERICDE -
foo IEHXTHEE & BEHRAK L DRITH SN/ EIREE
OB ORKEVHBETRLOVBEFCHEATVWEEVLZL
%, (Table 3 : &),

F7/2CD4" T Y v BRD# Y v BRI 3 5 R,
HAEBARTIHEE HBE L 0 b T ah SEh - 7223,

Table 7. Extent of Lesion and T—Lymphocytes
Disease | Extent |Total Total Lymphocytes T-Lymphocytes CD4'T CDS'T CD4/CD8
of Leukocytes T T : ;
Lesions %* i NO. % . NO. % i NO. %" NO.
3 (13)™* | 70232060 | 12.9+4, 9+; 916+492" | 71.4+8.2 649352 | 49.1% 7. 9++§ 4371215 | 88,0+ 9.8; 3511234 | 1.4%0.5
B : i : :
1(23) | 5830%1735 |25.246.3"} 1449+510° | 67.9%8.2 1 996403" | 43.3+ 7.1} 635+270"" | 38.6+ 8.3§ 549198 | 1.2£0.4
3 (11) | 65821204 |17.8%6.0 11556+435 [69.0%9.9 809356 | 48.8+10.8 569+259 35‘5i10.0§ ‘3941‘136 1.5%0.7
MOTT ' : : L
1(T) |6271£1819 |23.1£9.8 ¢ 1467906 |72.7+8.7 11084722 |43.3% 4.5 ! 635384 |40.7+ 9A8§ 620486 | 1.1£0.4
* Percentage to total leukocytes
* % Percentage to total lymphocytes
% % % Figures in brackets indicate mumber of cases
+ Statistically significant (p<(0.01)
++ Statistically significant (0.01<p<C0.05)
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BRROEEVMEAE/RLA (TB:49.1£7.9, MOTT :

48.8+10.8 vs 1IEH X HEEE : 45.8+7.1), HEDHLA 0 5
kBT Y Y NER7 0 7 4 VOEWRBEKIERETD
MOTT fiE BE T bEMICA SN hs, MOTT IEDH
B RBIEDD IS VI IR FENIC AR L 3 S 8 -
7o

—7, fEMIERE TEWRRPREKERTE TS -
DRI & - THEBMAL L 7B 8 BIEETh D b0
33 &AL b b STHERARRE L TV B
Z 8B & DT, KM v k77 4 VITIZEA
EEDBHB LN 5 T,

IR %38 > T FACS 2 217 = o fER] 2 Blic>
WTHIREE & FACS HIEOHER 2 /RT,
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