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Abstract

Although traditional medicine is an all-around medical service, it has been pointed out that traditional medical

procedures are not objective, and are independent of reductionism. The aim of this study was to determine the im-

mune status of the patients with KI-disorder. We assessed the association between KI-disorder and the population of
peripheral lymphocytes (CD3, CD19, CD4, CD8, CD16, CD56, CD158a/b:killer cells immunoglobulin-like receptors)
in 22 patients with rheumatoid arthritis. The results showed a negative correlation between the score of KI-deficiency

and the population of the CD16+CD158b+ cells, and also showed that patients with KI-deficiency have a tendency to

have a reduced population of CD16+CD158b+ cells. The inverse relationship between these was also observed in a 3-

month follow-up study. Thus, it is possible, in part, to assess the condition of KI-deficiency objectively using the popu-

lation of CD16+CD158b+ cells. However, the diagnostic utility of CD158b+expressing cells is expected to be limited

from the viewpoints of complexity.
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Introduction

The system of diagnosis and therapy in the field of
Japanese Oriental Medicine is constructed based on tra-
ditional procedures, which is different from the corre-
sponding system of Western Medicine. Therefore, it is
probably most objective to examine the basic theories of
Japanese Oriental Medicine such as the six stage of dis-
ease or KI (elemental energy ), blood and body fluids,
from clinical viewpoints. However, it has been pointed
out that traditional procedures are not objective and are
independent of reductionism, although traditional medi-
cine is an all-around medical service. Therefore, it is
very important to assess traditional diagnoses objectively
using the methods of Western Medicine. Regarding the

effects of Japanese Oriental medical treatment, it has
been reported recently that a Kampo formula increases
the natural killing cytolytic activity ( NK activity ). It is
also known that KI-disorders improve in patients treated
with the Kampo formula. However, KI-disorder has not
been quantified in the methods of Western Medicine.

Here, we assessed the association between the
population of peripheral lymphocytes and Kl-disorders
in order to clarify the immune status in KI-disorder.

Patients and Methods

Patients : Because we needed to analyze their
immunological status, patients with rheumatoid arthritis
(RA) were selected as the subjects of this study, to com-
pensate for the effects of basic diseases, because patients

*To whom correspondence should be addressed. e-mail : tkogure @ showa.gunma-u.ac.jp



Immunological analysis into KI-deficiency 17

with RA possess uniform immune status. The subjects
of this study were 22 patients (m/f: 6/16; age: 52.6*+
18.1; lansbury activity Index: 37.6129.5) with RA who
visited Toyama Medical and Pharmaceutical University.
All patients met the American College of Rheumatology
1987 revised criteria® for the diagnosis of RA.

Evaluation of Kl-disorder: The diagnoses of KI-
deficiency, Kl-stasis and imbalance of Kl-distribution
were made according to the criteria set forth by
Terasawa.? Table I lists the symptoms and the scoring
system for the KI-deficiency. Kl-stasis and imbalance of
KI-distribution were also diagnosed according each diag-
nostic score system.? A total score of 30 points or higher
indicates the presence of KI-deficiency, KI-stasis or im-
balance of KI-distribution according to each criterion.

Reagents : Fluorescein isothiocyanate (FITC) - con-
jugated anti-human CD3, phycoerythrin (PE)-conjugated
anti-human CD3, PE-conjugated anti-human CD19, PE-
conjugated anti-human CD4, PE-conjugated anti-human
CD8, FITC-conjugated anti-human CD16, PE-conju-
gated anti-human CD56, PE-conjugated anti-human
CD158a (EB6) and PE-conjugated anti-human CD158b
(GL183) were purchased from Immunotech, Marseille,
France.

Cells : Peripheral blood was obtained from the pa-
tients after fasting in the early morning. Peripheral blood
mononuclear cells (PBMC) were separated from
heparinized blood by Lymphoprep (Nyegaard, Oslo,
Norway) gradient centrifugation.” Each PBMC sample

Table I Diagnostic score of KI-deficiency

points points

general physical fatique 10 dull eyes, feeble voice 6
lack of will power 10 tongue faint red, edema 8
easy fatigability 10  pulse of deficiency-type 8

. . markedly diminished
sleepiness during the day 8 abdominal tension 8
loss of appetite 4  organ ptosis 10
easily acquiring diseases 8 reduced tension of the 6

Y acq g lower abdomen
being easily frightened 4 tendency of diarrhea 4

A total count of more than 30 points indicates KI-deficiency.
Mild symptoms are assigned half their point value.

was incubated in a culture dish in a humidified 5%
CO02/95% air atmosphere at 37°C for 60 minutes. After
the incubation, non-adherent cells were collected. These
cell suspensions were washed twice in phosphate-
buffered saline (PBS).

Cell phenotype : Surface phenotyping was carried
out using a two-color immunofluorescence staining tech-
nique, with isotype-specific mouse anti-human antibody
conjugated with either FITC or PE.* Each sample of
stained cells was suspended in 0.5 ml of PBS and ana-
lyzed by flow cytometry. Lymphocyte subsets were
identified by gating analysis, and fluorescence profiles
were obtained for 10000 cells of each sample. Negative
controls for each experiment were performed with FITC-
and PE-labeled mouse immunoglobulin-G (Ig-G).

Statistical analysis : Data are expressed as mean
(SD) values. All data were collected in a computer data-
base and analyzed using the StatView-J 4.02 program
(Abacus Concepts, Berkeley, CA, USA). Spearman rank
correlation analysis was performed between each part of
each Kl-disorder and each lymphocyte subpopulation.
For all statistical tests, correlations were regarded as sta-
tistically significant at p<0.05.

Follow-up study : Four weak, elderly patients
treated with Kampo formula were followed-up by repeat-
edly determining the KI-deficiency score and CD158a/b
molecule expression during a 3-month period. The
changes of these parameters were assessed.

Results

The association between KlI-disorder and lymphocyte
subpopulations

The results of the evaluation of Kl-stasis and im-
balance of KI-distribution are shown in Tables II and III,
respectively. Neither Kl-stasis nor imbalance of KI-
distribution was related to the CD4/CD8 ratio, or to the
population of T (CD3, CD4, CD8), B (CD19) or NK
(CD16, CD56) cells. There was no relationship with ei-
ther Kl-stasis or imbalance of KI-distribution and the ex-
pression of killer-cell immnoglobulin-like receptors
(KIRs): CD158a/b, which are related to NK cell func-
tion.

Table IV shows the results of the study concerning
Kl-deficiency. No particular population of peripheral
lymphocytes was correlated with the Kl-deficiency



18 J. Trad. Med. (Vol.20 No.1 2003)

Table I The relationship between KI stasis score and the
subpopulation of peripheral lymphocytes

Table III The relationship between imbalance of KI score and the
subpopulation of peripheral lymphocytes

KI stasis score Spearman’s rank

Imbalance KI score Spearman’s rank

Versus Probability correlation coefficient versus Probability correlation coefficient
CD4/CDS8 ratio 0.311 0.305 CD4/CDS ratio 0.872 0.050
CD3 0.109 0.466 CD3 0.485 0.213
CD19 0.240 0.351 CD19 0.758 0.095
CD3CD4 0.836 0.064 CD3CD4 0.332 0.293
CD3CD8 0.630 0.148 CD3CD8 0.584 0.168
CD3CD16 0.086 0.516 CD3CDl16 0.571 0.182
CDI16 CD56 0.226 0.361 CD16 CD56 0.486 0.213
CD16CD158a 0.612 0.173 CD16CD158a 0.491 0.233
CD16CD158b 0.546 0.205 CD16CD158b 0.265 0.368

Table IV The relationship between Kl-deficiency score and
subpopulation of peripheral lymphocytes

Table V. The comparison of KIRs expression between the patients
with and without KI-deficiency

KI-deficiency score Spearman’s rank

versus Probability correlation coefficient
CD4/CD8 ratio 0.790 0.082
CD3 0.265 0.350
CDI19 0.591 0.173
CD3CD4 0.284 0.337
CD3CD8 0.291 0.332
CD3CD16 0.246 0.382
CD16 CD56 0.390 0.273
CD16CD158a 0.459 0.250
CD16CD158b 0.048 0.456

P=0.048
R=0.456

CD16CD158b cells
;/
O
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Figure 1 The relationship between the score of KI-deficiency and the
population of CD16+CD158b+ cells.

score. In contrast, a significant relationship was found
between the population of CD16+CD158b+ cells and the
KI-deficiency score (Table IV). These two factors were
negatively correlated (Figure 1).

We have further analyzed the relationship between
the lymphocyte subpopulation and deficiency of blood,
which is a reduction of blood volume, or stasis of body
fluids, which are disturbances of all non-red fluids of an
organ. However, there were no relationships between

CD16CD158a cell CD16CDI158b cell %

Ki-deficiency 0.403£0.425 4.734+2.279
N=14
no-Ki-deficiency 1.825£1.609 6.300%£2.578

N=8

those (data not shown).
Comparison between two groups: patients with or with-
out Kl-deficiency

The population of KIR-expressing cells had a ten-
dency to be reduced in patients with KI-deficiency com-
pared to those without KI-deficiency, although the
difference was not significant (Table V).

Follow-up study

We observed a negative correlation between the KI-
deficiency score and the population of CD16+CD158b+
cells.

Therefore, we performed a follow-up study on the
time-course of changes in the population of CD16+
CD158b+ cells and the score of Kl-deficiency in 4 pa-
tients, which had been selected in a randomized proce-
dure. The results are shown in Figure 2. Two patients
were treated with Hochu-ekki-to and other two patients
were treated with Ogi-kenchu-to or Juzen-taiho-to, re-
spectively. As Kl-deficiency improved in the patients
who were treated with Kampo formula, the population of
CD158b expressing-cells in their peripheral lymphocytes
simultaneously decreased.

Discussion

The concepts of KI, blood and body fluid are impor-
tant when patients are diagnosed by Japanese Oriental



Immunological analysis into KI-deficiency 19

15 KI-deficiency score 40
CD158b cells
OO
CD16CD158b cells =35 o0—0
00 KI-deficiency
(%) CD158b cells _ score
10 30
CD16CD158b cells
25
5 L 20

0 3 months

Figure 2 The average changes in score of Kl-deficiency, the popula-
tion of CD16+CD158b+ cells and CD158b+ cells during the follow-
up period are shown. The score of Kl-deficiency was decreased
while the population of CD16+CD158b+ cells was increased.

Table VI Classification of studies to assess traditional
concepts objectively

Subject of the study Example

—

target group of a formulae analysis of target group of Kakkon-to,
Sho-saiko-to, Ninjin-to, efc.

2 traditional pathological
concepts

analysis of KI-deficiency, Oketsu
syndrome, Stasis of body fluids, etc.

w

diagnostic methods quantative analysis of pulse diagnosis,
inspection of tongue, abdominal diag-

nosis

*It is considered that the results from subjects no. 2 and 3 should be
integrated

(Kampo) Medicine. These diagnoses have been deter-
mined using the traditional system, which is different
from the system of diagnosis in Western Medicine. It is
difficult for doctors in the field of Western Medicine to
use Kampo treatment, and also to recognize the condi-
tion of patients from the point of view of the traditional
concepts. Therefore, several investigators have attempted
to objectively assess these traditional concepts. Studies
aiming to assess Kampo diagnosis objectively can be
categorized into 3 groups (Table VI). The first tries to
determine the condition of patients to whom a Kampo
formula, for example, Kakkon-to should be adminis-
tered. The second attempts to analyse the traditional
pathological concepts such as KI, blood or body fluid.
The third one tries to quantitatively analyze traditional
aspects of the patients examination such as pulse, tongue
and abdomen. The present study is classified into the
second group, and the majority of recent studies belong
to the second or third group. The Oketsu syndrome,
which is generally associated with a state of insufficient
blood-circulation and blood stasis, has been especially

well analyzed in this respects. Patients with Oketsu syn-
drome have been demonstrated to have high blood vis-
cosity¥ and Keishi-bukuryou-gan has been shown to
improve this condition.® Furthermore, erythrocyte de-
formity was observed in patients with Oketsu syndrome,
and this deformity was shown to be related to erythro-
cyte viscoelacity.” Recently, the association between
atherosclerosis and Oketsu syndrome has been studied.®”
Pharmacological effects of the diuretic action of Kampo
formulae have been analyzed by several investigators.'®!)
However, the concept of Kl-disorder has not been ade-
quately studied. This is the first report of the analysis of
KI-disorder using the assessment of immune status.
Alternatively, it has been reported that one kind of
disease in Western Medicine is related to the condition
of Kl-deficiency. Egashira et al. demonstrated that pa-
tients with chronic pulmonary emphysema are mainly in
the condition of KI-deficiency, and that their treatment
with formulae with tonic effect: Ho-zai (ex: Hochu-ekki-
to, Juzen-taiho-to, Ninjin-yoei-to, efc.), which are sup-
plementary regimens, results in the improvement of their
lung function as well as KI-deficiency.'” It has been re-
ported that the administration of ninjin-yoei-to expands
the populations of CD8+CD11b/c+ cells and CD8+
CD11b- cells in peripheral blood lymphocytes of patients

19 Tn addition, Juzen-taiho-to in-

with multiple sclerosis.
creases NK activity in postoperative gastric cancer pa-
tients."® These findings suggest that Ho-zai might
modulate the immune status in patients with the condi-
tion of KI-deficiency.

In the present study, patients with Kl-deficiency
were analayzed from the viewpoint of immune status.
The results showed that the expression of KIRs on pe-
ripheral lymphocytes was lower in patients with KI-
deficiency than in those without Kl-deficiency. It is
difficult to explain how the results of CD158a+ cells are
different from those of CD158b+ cells in the relationship
to Kl-deficiency score. We consider it possible that the
functions of CD158a and CD158b molecules are not al-
ways in accordance, which accounts for the discrepancy.
KIRs were molecularly cloned in 1995, and have been
shown to transmit positive and/or negative signals.!®!?
It is now widely accepted that the expression of KIRs is
involved in the cytotoxic function of NK cells, as dem-
onstrated by a number of studies focusing on these re-

ceptors.'® It has been considered that the upregulation of
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KIRs by interleukin ( IL ) -2 or IL-15 results in enhanced
ability to sort target cells such as virus-infected cells
from uninfected cells according to major histocompatibility
complex (MHC) class I expression.'*?” Therefore, low
expression of KIRs in patients with Kl-deficiency might
be associated with greater susceptibility to microbes.
From the clinical viewpoint, it is possible, in part, to as-
sess the condition of KI-deficiency objectively using the
expression of KIRs, although we cannot fully diagnose
patients thereby as having the condition of KI-deficiency
from the viewpoints of complexity.?

In conclusion, an association between the popula-
tion of peripheral lymphocytes and Kl-deficiency was
demonstrated, i.e. patients with KI-deficiency have a ten-
dency to have low expression of KIRs, although the di-
agnostic usefulness of this expression is limited from
clinical viewpoints.
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