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RELATIONSHIP BETWEEN NUTRITIONAL DEPLETION AND CELL-MEDIATED
IMMUNE FUNCTION IN ACTIVE PULMONARY TUBERCULOSIS

Masanori YOSHIKAWA * , Takahiro YONEDA, Junko MAEGAWA,
Katsuhiko TSUKAGUCHI, Takeshi TOKUYAMA, Akihiro FU,
Kazuya FUKUOKA, Koichi TOMODA, Munehiro NAKAYA,
Atsuhiko FUKUOKA, Chinaru YAMAMOTO,

Nobuhiro NARITA, Yasuyoshi ENOKI
and Riichiro MIKAMI

(Received for publication September 20, 1993)

A survey on the nutritional status and cell-mediated immune function of 47 hos-
pitalized patients with active pulmonary tuberculosis and healthy controls was conducted.

In the patients group :

1) Anthropometric measurements, such as %ideal body weight (%IBW), %arm circum-
ference (¥AC), %arm muscle circumference (%AMC) and %triceps skin fold (%TSF), were
significantly reduced.

2) Visceral proteins including serum albumin (Alb), transferrin (Tf), prealbumin (PA)
and retinol binding protein (RBP) were significantly reduced.

3) The imbalance of plasma amino acids, which was characterized by the depression of
Fischer ratio, a molar ratio of branched chain amino acids (BCAA) to aromatic amino
acids (AAA), was observed.

* From the Second Department of Internal Medicine, Nara Medical University, 840, Shijo—cho,
Kashihara—city, Nara 634 Japan.
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Fischer ratio was significantly correlated with anthropometric measurements (%IBW,
%AC and ¥AMC).

Delayed—type hypersensitivity to DNCB (2, 4—dinitrochlorobenzene) and lymphocyte
transformation to phytohemagglutinin (PHA) and concanavalin A (Con A) were signifi-
cantly impaired in the patients group, whereas NK cell activity was higher than that of
controls.

Alb, PA, RBP and Fischer ratio were significantly lower in the patients with reduced
DNCB reaction than in those with normal responses. Lymphocyte transformation was
signifcantly correlated with Fischer ratio, and NK cell activity was significantly correlated
with Alb, PA, RBP. These data may suggest that the imbalance of plasma amino acids
represented by the reduction of Fischer ratio and the depletion of visceral proteins are
closely related to the impairment of lymphocyte function in the patients with active
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pulmonary tuberculosis.
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Tablel i /& L 72, % FE# {k # (%ideal body
weight, ¥IBW), EWib (arm circumference, AC),
= AR FIEREE  (triceps skin fold thick-
ness, TSF), _EWifiFH (arm muscle circumference,
AMC) 122 WTHRE Ui, AR RA" ORER
FEHAH VW1zo TSF & Harpenden skinfold calipers
ZHWTEHIL, AMC & TSF & AC XOBEHL o
7272 L, TSF, AC, AMC & H4° o BT
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PPD K&, DNCB RIS & R B UL 8 &
O PHA, Con A i3 % Y v SEREIFEALIE, &5
iz NK i > WO L, PPD SUG ISR Y
Ny v —REBW R 0. 05 ng/0. 1 ml AL, ¥
NS VRISMER IR - THEL, () & (£)
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Table 1 Nutritional and Immunological Parameters

Anthropometric measurements
% Ideal body weight (¥IBW)
% Arm circumference (%AC)
% Triceps skin fold (%TSF)

% Arm muscle circumference (%AMC)

AMC=AC-0.314xTSF
(em) (cm) (mm)
Biochemical examinations
Visceral proteins
Serum albumin
Rapid turnover protein (RTP)
serum transferrin
serum prealbumin
serum retinol binding protein
Plasma amino acids

Immunological examination

Delayed type hypersensitivity reaction
PPD (purified protein derivative)
DNCB (2, 4—dinitrochlorobenzene)

Lymphocyte transformation response
PHA (phytohemagglutinin)
Con A (concanavalin agglutinin)

Natural killer (NK) cell activity

Branched chain amino acids (BCAA)

Aromatic amino acids (AAA)
BCAA/AAA ratio

P<0. 001 P<0. 001
%
q0 A
50
Control TB Control TB
%IBW %AC

P<0. 001 P<0.01
% %
100}
150
100
50
Control TB Control TB
%AMC %TSF

Fig. 1 Comparison of Anthropometric Measurements between
Patients with Pulmonary Tuberculosis (TB) and Heal-

thy Controls
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#e % F O TR I A U 48 BRI ICHIE U 72 RIS
L (=) M0 d (+) 2 MET), @ (4), A&
R (4), BIEIER (M) 13 TE¥ ] SHE L, v
YONERINEALRIEIE PHA, Con A W 64 B5RSk:%
U, "H-TdR %2R M#%S &I 8 Bk L, *H-TdR
@ﬂ@ﬁ&%%&%vv%v—yayﬁﬁV&—TME
L7co NK MG K562 % target cell, AHIMIE
1%ER% effector cell & LT *'Cr ##tE (E/T H.=20)
THIE L 7o
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Fig. 1 1Z/R9 & 512 %IBW, %AC, ¥AMC, $TSF ©
TANTHARBICH LEERETFLT WA, %7,
Table 2 12 BB AFHAME DO NERE R U foo —ilic ke (H
EHELT, 2D 80~90 %1 REE, 60~80 % Hsthaps,
60 ZUTHEEET LFMshTHw 32, BEROK
70 %ic %IBW, %TSF DIETF, #9150 %ic %AC, %¥AM
C DIETZBW 1z, FiT TSF IKEEETHIMLH - 12,
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Table 2 Distribution of Anthropometric Measurements
in Patients with Pulmonary Tuberculosis

% of standard No. of

>90 ~>80 ~>70 ~>60 60= patients

%IBW  No. 12 20 10 2 1 45
G @D U5 (22) @ @

%AC  No. 21 15 7 2 0 45
% @D @G  ae @ O

%¥AMC No. 21 15 6 0 0 45
% G G a3 @ O

%TSF  No. 14 2 9 5 15 45
% @D @ €] an @69

P<0. 001 P<0. 001 P<0. 001 P<0. 001
| —

|
g/dl mg/dl mg/dl mg/dl

1 300 {'

200

4.0 40 4.0

2.0 20 2.0

100

Control TB Control TB Control TB Control TB

Albumin Transferrin Prealbumin Retinol binding protein

Fig. 2 Comparison of Visceral Proteins between the
Patients (TB) and Healthy Controls

Table 3 Plasma Amino Acids in Patients with
Pulmonary Tuberculosis

Controls Patients

BCAA (nmol/ml) 458.4+62.4 418.9+77.7**
Valine 251.1%35.5 218.6+£44.3 """
Leucine 134.2+19.5 130.1£26.1
Isoleucine 73.14£12.2 70.1+14.8

AAA  (nmol/ml) 125.2%14.9 149.7+39.6 ***
Tyrosine 66.2% 9.9 74.3+22.0 "
Phenylalanine 59.0% 6.4 75.1+26.7***

Fischer ratio 3.68+40.41  2.61+0.69***
(BCAA/AAA)

* P<0. 05 ** P<0.01 *xx P<(0. 001

2) MBER S LOFNAEEIRET LTV, MET VT Vi3,
Fig. 2 IKRT &I, MF7NVTI Y, PS5 VRT = BEBOH A0 %K T 2D KREBHREE TR TH -
Vv, FPLTNT IV, VT —AEEAERR, WEE too MEFLTAVTI Y, LT/ —AEARERR, T
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Fig. 3 Correlation of Fischer Ratio and Anthropometric Measurements
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Fig. 4 Correlation of Fischer Ratio and Visceral Proteins

fnl Wiz, L7edi> T, valine, leucine, isoleucine
DITH 5534847 3 /B (branched chain amino
acids, BCAA) REBIREDLTEBY, tyrosine &
phenylalanine Df1TdH 25 &FET ¥ /B (aromatic
amino acids, AAA) BEEBERENL TV, Z0k
B, BCAAE A A ADENVHTHE, Wb 3

TV, bIVRT Y VEHEL, K0EBIETL
TV AR A ST,

3) IMmistET 3 / 8

Table3 IZ/R"T & H i, BEH T valine 3EEIC
#D L, leucine, isoleucine &RV/DMEEEE D1z, —
7%, tyrosine & phenylalanine W h & HEICH
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DNCB PPD PHA Con A NK cell
activity
Fig. 5 Comparison of Cell-mediated Immune Function between
the Patients (TB) and Healthy Controls
PPD positive ; (+), (#), (#)
DNCB positive ; (#), (i), (#)
P<0.05 N.S. P<0. 05 P<0.01
[am— | p— | — [ p——
g/dl mg/dl mg/dl mg/dl
300 3.0

4.0

200

2.0
100

negative positive
Albumin

negative positive

Transferrin

20

10
1.0

negative positive negative positive

Prealbumin Retinol binding protein

Fig. 6 Correlation of DNCB Reaction and Visceral Proteins

DNCB negative (n=26) ; (=), (+)
DNCB positive (n=21) ; (), (#), (#)

Fischer H i3 0 MEEE 3.68+0. 41 icxt L, BEEF 2.91+
0.69 LHBEIKFL TV,

4) BHBEEHIFERER DB
@ Fischer H.& Bz HlfE DB

Fig. 3 ixRd &5, %IBW (r=0.290), %AC (r=
0.368), ¥AMC (r=0.415) ¥ Fischer HEFEICHRB
LTWihs, %TSF & Fischer HLIdHHBAN IS - 7o,
® Fischer H. & HIE&EA OHHBY

Fig. 4 IRt &5, NEEAD S B, 717
Ly (e=0511), FLTAT LY (r=0416), LF /-
WEESER (r=0.381) 132N Zh Fischer lLEAEE
AR LTV, +5 v 2729 v& Fischer f

EHEBEDS IS 2 - Foo

2. BECB 3 MiakEiE (Fig.5)

1) EERIE G BUG

DNCB K& 55 % TIE T L T0ichs, BT 8
BIET2ADBDAT, BEBICBLVTHRICETR
mE» -t (P<0.00), 7, HB&EED PPD RIGE
ML BTHYD, MBEHO 100 % LHHMICEEE
BEDIEM - 1o

2) ) v oSEREEELRIR

PHA it & 3 U v S EREIFE(CRUG I, KEHE 50056. 8
+ 5576. 2 cpm = X L 26581. 5+12617.5 cpm, Con A
T b, XIBEE 41253.6%7699. 6 cpm IZXf L 20999. 2+
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Fig. 7 Correlation of DNCB
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P<0. 05
—

negative positive

AAA Fischer ratio

Reaction and Plasma Amino Acids

DNCB negative (n=26) ; (—), (+)
DNCB positive (n=21) ; (), (#), (#)
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<
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Y
251 ¢ o
I Y=11258X — 2377
'c'_': r =0.53104 n=31
X ° . P<0.01
E {( * °
& " r T
2.0 3.0 4.0
Fischer ratio
L]
40
<
o
3
207 Y=10435X — 6291
= . r=0.58830 n=29
% ) T P<0.01
(=) T T T
© 2.0 3.0 4.0

Fischer ratio

Fig. 8 Correlation of Fischer Ratio and Lym-
phocyte Transformation to Phytohe-
magglutinin (PHA) and Concanavalin A
(Con A)

10741. 1 cpm & EB S HHFRIET L TV (P<0.01),
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NK i, 5729 % Th b, XIHEEFE 42117 %
et LAEEIC ER LTV (P<0.05), LML, #IE
fHIZ6~98 BEMNBDIETSDENALNT,
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1) DNCB X & NiEEHA

Fig. 6 iIc/Rd & Hic, BEHOEH» T, DNCB KIG
ETH Q66D LIEER QLAD K>V TKETL 7,
mE7Vv7 vy (P<L0.05), MEFXv7TNVT Iy (P
<0.05), v¥/ —fEEEA (P<0.0D) &, T
DNCB KIME FEIT BV THRIET LT\, MF
FSVRT7 2 ) YTREBEEZRDED -1,

2) DNCB KJ& & 4Eest 7 3 /7 B

Fig. 7cRd & 5ic, BCAA 13 DNCB KIME FE
TRIEFEICH~NBDEAZRL, —4, AAA X DN
CBRIGETEH CRIEMER %R Lk, T OREE,
Fischer H.i3 DNCB RIMETEICBWTERIET
LTwiz (P<0.05),

3) U voNERIIE LIRS & Fischer

PHA T & 3 V) v sBRELRISE, Fig. 8 ITmd &
31T, Fischer thEHE (r=0.531) SIEDAEBERL,
Con A b[EIREICERE r=0.588) SIEDHEBIZRL 72,

4) NK g & NigER

Fig. 9 1x/R9 & 51 NK ffaiEH, Mm@E7 v 73
v (r=0.658), L 7NT v (r=0.781), v F/ —
HAEEH (r=0.689) tZzhZThAERICHBL TW i,
FSYvRT7 2l vERHEBEEEDE L T,

z 2
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SEELAONBYY, Z EP 5130, BFEEDE
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Y=0.01299X + 2. 8579
r =0. 65807

n=15

‘ P<0.01

Albumin

3.0

50 100%

NK cell activity

ng/dl| Y=0.27108X +1. 9076
r =0. 78116 .
n=15

P<0.01

40

20

Prealbumin

50 100%

NK cell activity

Transferrin

Retinol binding protein

=

=2

o 6B B4

Y=0.48555X + 231. 65

mg/dl

r =0. 21382
4004 n=13 .

N.S. ¢ R
300+ /
2001 o .

:L °

50 100%
NK cell activity

ngidl| Y=0.03675X +0. 23401

r =0. 68875 .

] n=15
501 p<0. 01 .
2.51

50 100%

NK cell activity

Fig. 9 Correlation of NK cell Activity and Visceral Proteins
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1B%icHoh, i, BKHHNR (lean body mass)
KM 35 AMC &0 b, KI5H (fat mass) %Mt
T 5% TSF O MEEIET LTV,

HWEEA T, mE7 V7Y (Alb) Kz, #i
i rapid turnover protein (RTP) T 2MMiE+ 7 ¥
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