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Advance in genome analysis for human diseases

Department of Human Genetics, Yokohama City University Graduate School of Medicine

Naomichi Matsumoto

Recently new technologies to analyze human genome in diseases emerged, which enabled us to isolate genes responsible for diseases effi-
clently and to screen rapidly a large number of candidate genes. As for mapping disease loei, genome microarray and high density SNP array
are quite useful (even for small-sized families). As for rapid screening of many candidate genes, high resolution melting curve method, rese-
quencing array, and next generation sequencing are expected to yield high throughputs. All the technologies presented here possess more ad-
vantage than any other conventional technologies, but each has some drawbacks. We should utilize these new technologies to attain reasonable

goals, but proper understanding of their weak points is essential.

Key words : genome microarray, SNP array, high resolution melting curve method, resequncing array, next generation sequencer
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Interleukin (IL)-6 is a causative agent of systemic juvenile idiopathic arthritis (sJIA), a chronic inflamma-
tory disease complicated with severe growth impairment, Recent trials of anti-IL-6 receptor monoclonal
antibody, tocilizumab, indicated that tocilizumab blocks IL-6/IL-6 receptor-mediated inflammation, and
induces catch-up growth in children with sJIA. This study evaluates the effects of IL-6 on chondrogenesis
by ATDCS cells, a clonal murine chondrogenic cell line that provides an excellent model for studying
endochondral ossification at growth plate. ATDCS cells were examined for the expression of IL-6 receptor
and gp130 by fluorescence-activated cell sorting analysis. Recombinant murine IL-6 was added to ATDC5
cultures to observe cell differentiation, using a quantitative RT-PCR for the chondrogenic differentiation
markers type Il collagen, aggrecan, and type X collagen. To block IL-6, the anti-mouse IL-6 receptor mono-
clonal antibody MR16-1 was added. As a result, the cells expressed IL-6 receptor and gp130. The expres-
sion of chondrogenic differentiation marker gene was reduced by IL-6, but this was abrogated by MR16-1.
We conclude that IL-6 inhibits early chondrogenesis of ATDC5 cells suggesting that [L-6 may affect com-
mitted stem cells at a cellular level during chondrogenic differentiation of growth plate chondrocytes,
and that IL-6 may be a cellular-level factor in growth impairment in sjIA.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Longitudinal bone growth occurs at the growth plates, located
at the ends of the long bones, by endochondral ossification, a
two-step process in which cartilage is first formed and then
remodeled into bone, Firstly, mesenchymal cells differentiate into
chondrocytes, which form cartilage anlagen of the future bone.
The chondrocytes proliferate, mature, and become hypertrophic,
and eventually calcify. This calcified cartilage is then invaded by
osteoclasts, osteoblasts, and blood vessels that resorb the cartilage
and replace it with bone matrix. These two processes, chondrogen-
esis and ossification, are regulated by the multitude of genetic and
hormonal factors, growth factors, environment, and nutrition. The
growth hormone (GH)/insulin-like growth factor-1 (IGF-1) axis
particularly is considered to have an important regulator effect
on the growth plate chondrogenesis.

Growth impairment is a major complication of patients with
systemic juvenile idiopathic arthritis (s]JiA). In sjIA, markedly ele-
vated interleukin (IL)-6, which binds to gp130 and to IL-6 receptor
to elicit the inflammatory response, appears to be the main causa-
tive agent of the inflammation, and we have already reported that
the anti-IL-6 receptor monoclonal antibody, tocilizumab, effec-
tively blocks the inflammatory manifestations and the surrogate

* Corresponding author. Tel.: +81 45 787 2671; fax: +81 45 787 0461.
E-mail address: shoko92@bf6.so-net.ne.jp (S. Nakajima).

1043-4666/$ - see front matter © 2009 Elsevier Ltd, All rights reserved.
doi:10.1016/j.cyt0.2009.05.002

markers, CRP and serum amyloid A, and that it also induces
catch-up growth in sJIA patients [1-3].

Recently the effects of inflammatory cytokines on growth plate
chondrocytes have been studied [4~6]. Tumor necrosis factor-o
(TNF-at), and IL-1 are considered to directly affect growth plate
chondrocytes, but IL-6 is reported to have no direct effect on
growth plate chondrocyte dynamics. IL-6 has been considered to
affect growth through systemic mechanisms that alter the growth
hormone/insulin-like growth factor-1 (GH/IGF-1) axis [7,8].

The purpose of the present study was to examine whether IL-6 in
fact has direct effects on growth plate chondrogenesis or, as cur-
rently considered, dose not. We investigated the effect of IL-6 on
the chondrogenic differentiation of the murine chondrocyte embry-
onal carcinoma cell line, ATDCS5. This cell line has been shown to un-
dergo a sequence of events—namely, cell proliferation, synthesis of
the extracellular matrix, cellular hypertrophy, mineralization of ma-
trix, localized vascular invasion and apoptosis—that occur during
longitudinal bone growth in vivo and, thereby, provides an excellent
model for studying the molecular mechanisms underlying the regu-
lation of growth plate maturation and endochondral bone formation
{9]. Our investigation of the effect of IL-6 on the ATDCS cell line has
made possible a considerable extension of our understanding of the
effect of IL-6 alone at a cellular level on growth plate chondrocytes. In
the presence of insulin, ATDC5 cells differentiate into chondrocytes
to form cartilage nodules {chondrogenesis), accompanied with the
progressive expression of type Il collagen, which is the predominant
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extracellular matrix in the proliferating stage, and then they differ-
entiate into the cells that express type X collagen in the hypertrophic
stage [10).

In this study, we examined the effects of IL-6 on cell prolifera-
tion by MTT assay, and on differentiation by examination of the
expression levels of chondrogenic marker genes including type 11
collagen, aggrecan, and type X collagen, using quantitative real-
time reverse-transcriptase polymerase chain reaction (qRT-PCR).

2. Methods
2.1. Reagents

A murine chondrogenic cell line, ATDC5, was obtained from
Riken cell bank (Tsukuba, Japan). Mouse recombinant IL-6 was pur-
chased from R&D systems (Minneapolis, MN, USA). Anti-mouse IL6
receptor antibody (MR16-1) [11] was a generous gift from Dr. Osu-
gi Chugai Pharmaceutical Co., Ltd. (Shizuoka, Japan). PE-conjugated
rat anti-mouse IL-6 receptor monoclonal antibody was from BD
Biosciences (San Diego, USA) and biotinylated rat anti-mouse
gp130 monoclonal antibody and streptavidin PE were from R&D
systems. 1:1 mixture of DMEM and Ham's F-12 medium and 5%
fetal bovine serum were from Invitrogen (Tokyo, Japan), human
transferring, sodium selenite, bovine insulin, ascorbic acid and
tripsin/EDTA were from Sigma-Aldrich (Tokyo, Japan). MTT work-
ing solution was from Cosmo Bio Co., Ltd. (Tokyo, Japan) and DSMO
was from Sankyo Chemical Co., Ltd. (Nagoya, Japan).

2.2. Analysis of IL-6 receptor and gp130 expressions on ATDC5 cells

FACS analysis was performed to detect IL-6 receptor and gp130
on ATDC5 cells. Following detachment of ATDC5 cells with trypsin/
EDTA at Day 0 and Day 2, the cells (1 x 10° cells/ml) were incu-
bated with PE-conjugated rat anti-mouse IL-6 receptor monoclonal
antibody and biotinylated rat anti-mouse gp130 monoclonal anti-
body, which was revealed using streptavidin PE. Mouse spleen cells
were assessed as controls. The flow cytometer used in this study
was a FACSCAN (BD Biosciences), and the software used for collec-
tion and analysis of the results was the program CellQuest ProTM
(BD Biosciences).

2.3. Cell culture and stimulation

ATDCS5 cells were cultured in a 1:1 mixture of DMEM and Ham'’s
F-12 medium supplemented with 5% fetal bovine serum, 10 pg/m!
human transferrin, 3 x 1078 M sodium selenite, and antibiotics
(100 U/ml penicillin G and 100 pg/ml streptomycin sulfate) at
37 °C in a humidified atmosphere of 5% CO; in air. In the present
study, ATDCS5 cells were plated at an initial cell density of
1.0 x 10 cells/cm? in 12-multiwell plastic plates (Corning, New
York, USA), grown to 70-80% confluency in the culture medium,
and then differentiation was induced by the addition of bovine insu-
lin (10 pg/ml) and ascorbic acid (20 ug/ml) to the culture medium
(culture Day 0). (To examine the effect of IL-6 on proliferation and
differentiation of ATDC5 cells,) the culture medium was replaced
every other day from Day 2 to Day 14 with or without the medium
containing mouse recombinant IL-6 at various concentrations (1-
100 ng/ml). Cultures at least in triplicate were used for each test.

For the experiment of interrupting the complex formation be-
tween IL-6 and IL-6 R, ATDC5 cells were preincubated (from Day
2 to Day 14) with anti-mouse IL-6 receptor monoclonal antibody,
MR16-1, for 30 min added at concentrations from 0.1 to 10 pug/mi
before each time that the culture medium was replaced. Every
time, after this was done, fresh medium containing 100 ng/ml
mouse recombinant IL-6 was added.

Table 1
Primer sequences for mouse type I collagen, aggrecan, type X collagen and GAPDH.
Sequence of the primers used for RT-PCR experiments,

2.4. Cell proliferation assays

Cell proliferation was assessed by MTT assay, conducted at Days
0, 2, 6, 10, and 14. ATDC5 cells were plated in 12-well plates and
cultured as previously described in the presence of mouse recom-
binant IL-6 (100 ng/mi). Culture wells were incubated with 1 ml of
MTT working solution for 2 h at 37 °C. After removal of MTT work-
ing solution, culture wells were incubated with 1 ml of DMSO for
30 min at 37 °C, then 200 pl of supernatants were transferred into
each well of a new 96-well microplate and the absorbance at
570 nm was measured with a spectrophotometer (Bio-Rad Model
550). The experiment was performed at least six times, and the
results are expressed as means * standard deviations.

2.5. Cartilaginous nodule formation under a phase-contrast microscope
(x100)

Cartilaginous nodule formation was assessed under a phase-
contrast microscope (Olympus CIKX41) at Day 10.

2.6. Quantitative real time reverse-transcriptase polymerase chain
reaction (qQRT-PCR) of chondrogenic marker gene expression

The expression levels of chondrogenic marker genes; type Il col-
lagen, aggrecan and type X collagen mRNAs were measured at
Days 6, 10, and 14 by means of gRT-PCR in ATDCS cells cultured
with 100 ng/ml mouse recombinant IL-6. Total RNA was prepared
from the cultures using an RNeasy Mini Kit (Qiagen), and then qRT-
PCR was carried out in an ABI Prism 7500 {Applied Biosystems, Fos-
ter, CA, USA) with a SuperScript [l platinum SYBR Green One-Step
qRT-PCR kit (Invitrogen). Primer sequences are listed in Table 1.
The cycling profile was 95 °C for 15 s, 55 °C for 30 s, 72 °C for 34
s for 40 cycles. The number of template copies present at the start
of the reaction was determined by comparison to a standard scale
prepared from mouse genomic DNA. For normalization of the RNA
loading, an RT-PCR of GAPDH was also performed in each RT-PCR
reaction as an internal control. The abundance of each gene was
determined relative to GAPDH. The expression level of each target
gene was calculated by standardizing the target gene copy number
with the GAPDH copy number in a sample. The analysis of the
results is based on triplicate (or more) samples.

2.7. Statistical analysis

Statistical significance was assessed by one-way analysis of var-
iance and Mann-Whitney's U-test. Data are reported as the
mean * SD, and are considered significantly different at P < 0.05.

3. Results

3.1. Expression of IL-6 receptor and gp130 on the surface of ATDC5
cells

We assessed whether ATDC5 cells express IL-6 receptor and
gp130 on their surface by flow cytometry. Although the levels of
membrane-anchored 1L-6 receptor on ATDC5 cells were much
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Fig. 1. FACS analysis for expression of 1L.-6 receptor and gp130 on the surface of ATDCS5 ceils.

lower than those on mouse spleen cells, we confirmed that ATDC5
cells express both [L-6 receptor and gp130 on their surface. (Fig. 1).

3.2. Molecular changes during the process of differentiation in ATDC5
cells

Chondrogenic differentiation of ATDC5 cells was further charac-
terized by expression of cartilage-characteristic extracellular
matrix genes such as aggrecan, type Il collagen and type X collagen.
In Fig. 2, we outlined the molecular changes of ATDC5 cells during
the process of differentiation in the presence of insulin. On Day 2,
ATDCS cells express neither type II collagen nor aggrecan mRNA,
but on Day 6, they express both type 1l collagen and aggrecan
mRNA. On Day10,.the expression levels of type Il collagen and
aggrecan gradually:decrease while the expression level of type X
collagen increases.*On Day14, ATDCS cells express type X collagen
substitute for typedl collagen.

3.3. Effect of IL-6 on chondrogenic marker gene expression in ATDC5
cells at various concentrations (1-100 ng/ml)

The results of qRT-PCR of the chondrogenic marker gene
showed that IL-6 reduced type Il collagen and type X collagen gene
expression in a dose-dependent manner on Days 6 and 14, respec-
tively (Fig. 3).

[—e—COL2 —® = COLI0 - -4 - aggrecan

GAPDH ratio

day0 day2 day6 dayi0 day14

Fig. 2. Molecular changes during the process of differentiation in ATDC5 cells. The
molecular changes of ATDC5 cells during the process of differentiation in the
presence of insulin were outlined. On Day 2, ATDC5 cells express neither type II
collagen nor aggrecan mRNA, but on Day 6, they express both type Il collagen and
aggrecan mRNA. On Day 10, the expression levels of type 1l collagen and aggrecan
gradually decrease while the expression level of type X collagen increases. On Day

14, ATDCS cells express type X collagen substitute for type Il collagen.
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3.4. Effect of IL-6 on cell proliferation in ATDC5 cells

The results of the MTT assay revealed that IL-6 has no inhibitory
effect on cell proliferation in ATDCS cells. The absorbance each day
did not differ between the cells cultured with and without IL-6
(P> 0.05) (Fig. 4).

3.5. Effect of IL-6 on cartilaginous nodule formation in ATDC5 cells

In control cultures, cartilage nodules were formed at Day 10,
but continual exposure of 100 ng/m! of mouse recombinant IL-6
to the culture caused cell flattening and completely inhibited cellu-
lar condensation and subsequent formation of cartilage nodules.
Pretreatment of undifferentiated ATDC5 cells with 10 ug/ml of
MR16-1 neutralized the effect of IL-6, resulting in the formation
of cartilage nodules, but pretreatment with 0.001 pug/ml of
MR16-1 did not block the effect of IL-6 (Fig. 5).

. day6
E ' « : P<0.05
S
]
=]
&}
10 100
IL-6 (ng/ml)
. — . day14
2.0 —— '
E * : P<0.05
& 15
<«
<4
S 1.0
—(
w
8 s
0

100
IL-6 (ng/ml)

Fig. 3. Effect of 1L-6 on the expression of type II collagen and type X collagen at
various concentrations (1-100 ng/ml). IL-6 reduced type Il collagen and type X
collagen gene expression in a dose-dependent manner on Days 6 and 14,
respectively. The data represents the mean + SD from tests of samples in triplicate,
P<0.05 vs. control
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Fig. 4. MTT assay of ATDC5 cells cultured with or without IL-6. The absorbance each day did not differ between the cells cultured with and without IL-6.

3.6. Effect of IL-6 on chondrogenic marker gene expression in ATDC5
cells

The results of qRT-PCR of the chondrogenic marker gene showed
thatIL-6 (100 ng/ml) markedly reduced type Il collagen gene expres-
sion on Days 6, 10 and 14, and reduced aggrecan gene expression on
Day 6. The results also indicated that MR16-1 blocked the effect of IL-
6 to increase both type Il collagen and aggrecan gene expression in a
dose-dependent manner (Fig. 6A and B). IL-6 (100 ng/ml) also mark-
edly reduced type X collagen gene expression on Days 10 and 14, but
MR16-1 inhibited the reduction of type X collagen gene expression
dose-dependently (Fig. 6C).

4. Discussion

The present study found that IL-6 inhibited the differentiation
of ATDC5 cells. This is the first report describing the inhibitory
effect of IL-6 on differentiation of the chondroprogenitor cell line,
ATDCS.

Generally, the ATDCS cell line is an excellent model for study-
ing the molecular mechanisms underlying the regulation of

growth plate maturation and endochondral bone formation [9].
At the epiphyseal end of the growth plate, the reserve zone, also
called the germinal or stem cell zone, contains the resting chon-
drocytes [10]. These cells have recently been shown to be crucial
for orientation of the underlying columns of chondrocytes and
therefore for unidirectional bone growth, probably through the
secretion of a growth plate-orienting factor [12]. Upon some un-
known trigger, the stem cells enter the proliferating zone, and lo-
cal and systemic factors regulate longitudinal bone growth, which
involves the differentiation of committed stem cells into prolifer-
ating chondrocytes (early chondrogenesis); after a finite number
of cell divisions, these cells finally differentiate into the hypertro-
phic phenotype that deposits a matrix that is mineralized and
eventually replaced by bone [13,14]. The ATDC5 cell line allows
the study of two critical events during cartilage formation: the
early differentiation of committed stem cells into chondrocytes
and the terminal differentiation of proliferating to hypertrophic
chondrocytes [15]. We showed the molecular changes during
the process of differentiation of ATDC5 cells in the presence of
insulin in Fig. 2. In this study, we investigate the effect of IL-6
especially on early chondrogenesis; the differentiation of commit-

Fig. 5. Phase-contrast micrographs of ATDC5 cells with and without IL-6 at Day 10. In the absence of IL-6 (control), typical cartilage nodules are formed (A). The cells having
continual exposure to 100 ng/ml of mouse recombinant IL-6 are flattened, and their cellular condensation and subsequent formation of cartilaginous nodules are completely

inhibited (B). After pretreatment with 10 pg/ml of MR16-1, cartilage nodules are formed (C), but those ceils pretreated with 0.001 ug/m! of MR16-1 are flattened (D).
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Fig. 6. Effect of IL-6 on chondrogenic marker gene expression in ATDCS celis. IL-6 {100 ng/ml) markedly reduced type Il collagen gene expression on Days 6, 10 and 14, and
MR16-1 biocked the effect of IL-6 to increase type Il collagen gene expression in a dose-dependent manner (A), IL-6 markedly reduced aggrecan gene expression on Day 6 and
MR16-1 blocked the effect of IL-6 to increase aggrecan gene expression in a dose-dependent manner (B). IL-6 also markedly reduced type X collagen gene expression on Days
10 and 14 but MR16-1 inhibited the reduction of type X collagen gene expression dose-dependently (C). The data represents the mean + SD from tests of samples in triplicate
or more. COL 2: type Il collagen, COL 10: type X collagen.

ted stem cells into proliferating chondrocytes in the ATDC5 cell The first evidence that IL-6 inhibits the differentiation of ATDC5
line. ) cells is that [L-6 was found to inhibit cartilaginous nodule forma-
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tion. The processes of cellular condensation and subsequent carti-
laginous nodule formation are important prerequisites for initia-
tion of chondrogenesis in mesenchymal cell cultures. In the
presence of insulin, ATDC5 cells lose contact inhibition of move-
ment and grow beyond confluence to produce two or three layers
of cells in a process known as cartilaginous nodule formation. The
results shown in Fig. 5 indicate that IL-6 inhibits cartilaginous nod-
ule formation. The second piece of evidence for the inhibitory
effect of IL-6 on the differentiation of ATDCS5 cells is that IL-6 mark-
edly reduced the expression of type II collagen, aggrecan and type
X collagen, when IL-6 was continuously added to the culture
system of ATDC5 from Day 2.

Some previous studies have assessed whether pro-inflamma-
tory cytokines including IL-1, TNF-o,, and 1L-6 could act at a cellular
level on the growth plate chondrocytes [4-6]. IL-6 has been consid-
ered not to have any direct effect on growth plate chondrocyte
dynamics, but to inhibit growth plate chondrogenesis and longitu-
dinal growth by reducing the systemic effects of IGF-1 [7,8]. But we
have shown that IL-6 has directly inhibited the differentiation of
the chondroprogenitor cell line, ATDCS in its early stage. Our
observations in the present study raise the possibility that IL-6
may affect committed stem cells at a cellular level during chondro-
genic differentiation of growth plate chondrocytes.

There is a possible reason that the results of the present exper-
iment differed from those of earlier experiments, namely, that the
timing of the addition of IL-6 to the culture system was different. In
the present study, to assess the effect of IL-6 on committed stem
cells, IL-6 was added to the culture medium from Day 2, a time
when ATDCS cells have not yet expressed much type Il collagen
mRNA—in short, they have not differentiated into proliferative
chondrocytes. In the previous study, IL-6 was added to the culture
medium, in which ATDC5 cells have already differentiated and
have entered the proliferative stage, expressing a large amount of
type Il collagen mRNA [6]. We also recognized that when we added
IL-6 to the culture medium from Day 6, ATDC5 cells differentiated
into hypertrophic cells and expressed type X collagen mRNA on
Day 14 in the same way as the control. On Day 6, ATDCS cells
had already differentiated into proliferative chondrocytes, express-
ing type II collagen mRNA. After all, IL-6 has no effect on ATDC5
cells, when they have already differentiated and reached the prolif-
erative stage. In this respect, we recognized the same process as in
the previous study. The main finding of our study is that only
undifferentiated cells, that is, committed stem cells, are inhibited
from differentiation into proliferative and subsequent hypertro-
phic chondrocytes by IL-6.

Horan et al. investigated the effects of pro-inflammatory cyto-
kines on both rat costochondral resting zone chondrocytes and
growth zone chondrocytes [4]. They evaluated the effect of [L-6
on (H3)-thymidine incorporation and alkaline phosphatase-spe-
cific activity for proliferation and differentiation, respectively,
and they reported that IL-6 had no effect on either (H3)-thymidine
incorporation or alkaline phosphatase-specific activity in either
type of chondrocytes. First, in our study, the results of the MTT
assay revealed that IL-6 has no inhibitory effect on cell prolifera-
tion in ATDCS5 cells. Our result was the same as their observation
in this respect. In addition, they reported that IL-6 had no effect
on alkaline phosphatase-specific activity, in contrast to the effects
observed with IL-1, which promoted the differentiation of resting
zone cells. These results will be supported by our observation that
IL-6 inhibits the differentiation of committed stem cells into the
proliferative stage in ATDC5 cell line.

It was reported that a reduction in metatarsal growth was not no-
ticed after 8 days' exposure to IL-6, although a reduction in metatar-
sal growth was seen after exposure to TNF-o and IL~18 [6]. IL-6 did
not affect longitudinal growth in an organ culture system of neona-
tal mouse metatarsal bones in that study. However, we suspect that

a reduction in metatarsal growth with exposure to IL-6 could have
occurred given a longer time period of observation. IL-6 affects only
committed stem cells, which do not contribute directly to longitudi-
nal growth because the chondrocytes do not proliferate [16,17].
Moreover, the cells already differentiated into proliferating and
hypertrophic zones can continue their differentiation. For the rea-
sons stated above, a reduction in metatarsal growth might not be
noted immediately after 8 days exposure to IL-6. On the other hand,
TNF-o and IL-1p are already known to affect proliferative zone cells,
which contribute directly to longitudinal growth.

Growth impairment is a major complication for chronic inflam-
matory diseases, and many reasons for growth impairment in
chronicillness have been considered, such as malnutrition, hormone
deficiency, glucocorticoids and inflammatory cytokines [18,19]. Sys-
temic JIA is one of the chronic inflammatory diseases characterized
by severe multi-organ diseases and growth impairment. In sJIA, IL-
6 is one of the major causative agents for systemic inflammation
and growth impairment. Recent trials of the anti-IL-6 receptor
monoclonal antibody, tocilizumab, for patients with sfIA indicated
that tocilizumab blocks IL-6/IL-6 receptor-mediated inflammation,
and that the growth impairment is overcome, resulting in catch-up
growth [1,2,20]. Moreover, in a recent study, the transgenic mice
over-expressing IL-6 experienced a stunted growth rate, and neu-
tralization of IL-6 activity by a MAD produced a partial improvement
of the animals’ growth rate [7]. De Benedetti et al. reported that IL-6
inhibits growth plate chondrogenesis and longitudinal growth by
reducing the systemic effects of IGF-1 [21]. But the ATDC5 cell line
thatwe used in the present study, is a simple culture model forinves-
tigating the cellular-level effect of IL-6 on the differentiation of
growth plate chondrocytes without considering any other factors
including glucocorticoids or systemic IGF-1. Also, the results of our
study using this simple culture model indicated that IL-6 directly
inhibited early differentiation of ATDC5 cells at a cellular level.

5. Conclusion

This study demonstrates that IL-6 inhibits the early differentia-
tion of ATDCS cells, suggesting, in clinical terms, that IL-6 directly
inhibits early differentiation of growth plate chondrocytes, and
that growth impairment in sJIA may be brought about in partially
through the direct inhibitory effect of IL-6 on committed stem cells
in the growth plate. In sJIA patients, committed stem cells in the
growth plate may be inhibited by IL-6 from differentiation into
proliferative chondrocytes, and consequently, the normal
processes of bone development followed by differentiation into
hypertrophic chondrocytes and the mineralization of matrix may
also be inhibited. We believe that the therapeutic strategies using
tocilizumab to target the IL-6/IL-6 receptor process, which effec-
tively block the inflammatory manifestations in sJIA, are likely to
achieve return to normal growth.
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Comparison of markers for fetal inflammatory response
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Abstract

Aim: Chronic lung disease (CLD) is a major component in the morbidity of premature infants suffering from
fetal inflammatory response (FIRS). The aim of the present study was to compare the value of measuring
neonatal urinary B-microglobulin (8,-MG) levels with fetal blood interleukin (IL)-6 levels in premature infants

at risk of developing CLD.

Methods: Premature infants (gestational age <30 weeks) without CLD (7 =19) and with CLD (n =10) were
enrolled. We measured IL-6 levels in umbilical cord blood and B.-MG levels in urine obtained within 48 h after

birth.

Results: 1L-6 and B-MG levels were significantly higher in infants who developed CLD than in those who did
not (median IL-6, 54.7 vs 7.6 pg/mlL; P < 0.005; B-MG 17.7 vs 9.3 x 10* pg/gCr; P < 0.05). The sensitivity and
negative predictive value of 3,-MG at the cut-off value at 10.0 x 10* pug/gCr (0.90 and 0.92) were comparable to

IL-6 at 16 pg/mL (0.90 and 0.94).

Conclusion: We suggest that measuring urinary 8,-MG in premature infants soon after birth can monitor FIRS
and may provide information on the risk of subsequent CLD development that is as clinically important as

information derived from umbilical cord blood IL-6.

Key words: B-microglobulin, bronchopulmonary dysplasia, chronic lung disease, fetal inflammatory response

syndrome, interleukin-6.

Introduction

Various inflammatory cytokines in umbilical cord
blood have been reported in infants born to mothers
with histological or clinical chorioamnionitis (CAM).**
Gomez etal. have proposed that a fetal systemic
inflammatory response syndrome (FIRS) determined
by inflammatory cytokine elevation (interleukin (IL)-6
>11 pg/mlL) in fetal blood is a risk factor for severe
neonatal morbidity.® Chronic lung disease (CLD) is a

major component in the morbidity of premature
infants suffering from FIRS. Recent investigations have
demonstrated that IL-18, IL-6, IL-8, tumor necrosis
factor-o, and soluble tumor necrosis factor receptor-I
levels in amniotic fluid or umbilical cord blood are
high in premature infants who subsequently develop
CLDS® Jobe reported that the effect of pro-
inflammatory cytokines arising in the uterus could pre-
dispose premature infants to new CLD characterized
by an arrest of lung development® It is important to
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identify premature infants at risk of CLD; however,
measuring inflammatory mediators is currently a dif-
ficult and costly process in Japan.

We have previously reported that urinary -
microglobulin (8,-MG) levels are significantly higher in
premature infants within 48 h after birth with maternal
CAM and CLD.* It is suggested that the inflammatory
response leads to interferon (IFN)-y secretion, stimulat-
ing B,-MG synthesis in blood and increasing ,-MG
excretion in urine. Therefore, if umbilical cord blood
analyses of cytokines are not available, we hypothesize
that neonatal urinary B,-MG after birth can be used to
retrospectively monitor FIRS and risk of an infant
developing CLD. The aim of the present study was to
compare the value of urinary P,-MG with umbilical
cord IL-6 in the prediction of premature infants at risk
of subsequent CLD development.

Methods

Patients

The present study was conducted in premature infants
admitted to our neonatal intensive care units between
October 2004 and September 2005. Infants were eligible
for study entry if they met the following criteria: (i)
gestational age at birth <30 weeks; (ii) umbilical cord
blood samples obtained at birth and urine samples
before 48 h of age; (iii) absence of major intraventri-
cular hemorrhage (grades III and IV), congenital ano-
malies, early-onset neonatal infection and renal
abnormalities and diseases; and (iv) permission to
participate in the investigation given by the infant’s
parents. Postnatal steroids were not administered to
the infants during the study period. Approval for the
study was given by the Committee for Ethics of Yoko-
hama City University and informed consent was
obtained from each infant’s family.

We defined CLD as a requirement for oxygen for
28 days after birth or longer to maintain a PaO,
>50 mmHg or an arterial oxygen saturation >90%, with
symptoms of persistent respiratory distress and an
abnormal chest radiograph (a hazy or emphysematous
and fibrous appearance). CAM was diagnosed by
pathological testing of the polymorphonuclear leuko-
cyte infiltration of the placenta and membranes.

IL-6
Blood samples were obtained from the umbilical cord of
each infant immediately after delivery. After centrifuga-

tion at 3000 g for 10 min, plasma was collected and
stored at —70°C until it was ready for use. The concen-

© 2009 The Authors
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tration of IL-6 in cord blood was determined by the use
of a cytometric bead array (CBA) kit (Human Th1/Th2
Cytokine CBA Kit II, BD PharMingen, CA, USA).

B-MG

Spontaneously voided urine samples were collected
using urine bags within 48 h after birth. No pathologi-
cal urine sample tests (proteinuria, hematuria, pH <6.0,
infection, or abnormal sediment test) were included.
Urinary B,-MG levels were measured by latex aggluti-
nation reaction. The urinary levels of creatinine (Cr)
were analyzed by the creatinine picrate reaction and
used for the normalization of 3,-MG excretion.”

Statistics

Values are presented as median and range because
they were not normally distributed. Results were
analyzed by Mann-Whitney U test for comparisons
between the two groups, and by Fisher’s exact prob-
ability test for comparison of proportions. Differences
wete considered to be significant if the P-value was
<0.05. To determine the cut-off value, receiver operat-
ing characteristic (ROC) curve analysis for relationship
was used.

Results

Patients

We divided 29 infants into the following groups
(Fig. 1): (i) infants without CLD (non-CLD group,
n=19); and (ii) infants with CLD (CLD group, # = 10).

10 | ap ) nonliD

Case

26 27 28 29 GA

Gestational age {weeks)

Figure 1 Number of infants with and without chronic
lung disease (CLD). There was no significant difference
in gestational age between the CLD and non-CLD
groups (26.5 vs 27.0 weeks).
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Table 1 Clinical characteristics of study infants with and without chronic lung
disease (CLD)t

Non-CLD group CLD group P-value

(n=19) (n=10)
Gestational age (weeks) 27.0 (25-29) 26.5 (24-29) NS
Birth weight (g) 1036 (7341 346) 817 (662-1 248) NS
CAM 12/15 (80.0%) 6/8 (75.0%) NS
Maternal steroid 7 (36.8%) 4 (40.0%) NS
RDS 8 (42.1%) 9 (90.0%) <0.05
Mechanical ventilation 13 (68.4%) 10 (100%) NS
WBC (/uL) 8300 (3930-32070) 11100 (4200-29190) NS
CRP (mg/dL) 0.00 (0.0-0.06) 0.02 (0.0-0.53) NS
Ig M (mg/dL) 7.0 (3.0-52.8) 7.0 (3.0-48) NS

tData are presented as median values with ranges in parentheses and numbers with per-
centage in parentheses. CAM, chorioamnionitis; CRP, C-reactive protein; Ig M, immunoglo-
bulin M; NS, not significant; RDS, respiratory distress syndrome; WBC, white blood cell.

Table 2 Umbilical cord blood interleukin-6 (IL-6) and urinary B-microglobulin

(BMG) in infants with and without chronic lung disease (CLD)t

Non-CLD group CLD group P-value
n=19) (n=10)
1L-6 (pg/mL) 7.6 (0-622) 54.7 (4.0-1425) <0.005
B-MG (10* ug/gCr) 9.3 (1.7-46.4) 17.7 (8.1-42.3) <0.05

1Data are presented as median values with ranges in parentheses.

There were no significant differences in birth weight
and gestational age between the groups. Maternal
CAM and steroid therapy were not associated with the
development of CLD. Respiratory distress syndrome
(RDS) wasfar more common in the CLD group
(P <0.05). All patients diagnosed with RDS received
surfactant. However, the number of infants mechani-
cally ventilated were not significantly higher in the
CLD group than in the non-CLD group (Table 1).

IL-6

The median value for IL-6 was significantly higher in
the CLD group than in the non-CLD group (54.7 vs
7.6 pg/mL, P <0.005, Table 2 and Fig. 2a). ROC curve
analysis demonstrated a cut-off value of IL-6 for
predicting CLD was 16 pg/mL (Fig. 3a). Nine of 13
infants (69.2%) with IL-6 =16 pg/mL developed CLD,
whereas only one of 16 infants (6.3%) with IL-6
<16 pg/mL had CLD. The sensitivity, specificity and
positive and negative predictive values were 0.90, 0.79,
0.69, and 0.94, respectively (Fig. 4).

B-MG

The median value for urinary B,-MG in the CLD group
was 17.7 x 10* ug/gCr, whereas the median value for
urinary B.-MG in the non-CLD group was 9.3 x 10* pg/
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gCr (Table 2). The difference was significant (P < 0.05,
Fig. 2b). A value of 10.0 x 10* ug/gCr was chosen as a
cut-off point by ROC curve analysis (Fig. 3b). CLD was
diagnosed in nine of 16 infants (56.3%) with B»-MG
=10.0x 10* ug/gCr, in contrast to only one of 13
infants (7.7%) with B-MG <10.0x10* pg/gCr. CLD
was predicted with a sensitivity of 0.90, specificity of
0.63, positive predictive value of 0.56, and negative
predictive value of 0.92 (Fig. 4).

Discussion

We report here several meaningful findings in umbili-
cal cord IL.-6 and neonatal urinary B,-MG levels in pre-
mature infants with or without CLD. First, umbilical
cord IL-6 levels were significantly higher in premature
infants with CLD. Neonatal urinary B,-MG levels were
also significantly higher in premature infants who
developed CLD (Fig. 2). Second, high sensitivity and
negative predictive value of f-MG for predicting CLD
were comparable to those of IL-6. The specificity and
positive predictive value of B,-MG were lower com-
pared with those of IL-6 (Fig.4). We suggest that
urinary B,-MG measured within 48 h after birth may be
clinically useful for monitoring footprints of FIRS and
predicting the risk of CLD development. Urine sample

© 2009 The Authors
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Figure 2 Umbilical cord interleukin-6 (IL-6) and neona-
tal urinary B,-microglobulin (8,-MG) levels in the non-
chronic lung disease (CLD) and CLD groups. (a) The
median value for umbilical cord IL-6 was significantly
higher in the CLD group than in the non-CLD group
(median (range), 54.7 (4.0-1425) vs 7.6 (0-622) pg/mL;
P <0.005). (b) The median value for neonatal urinary
Ba-microglobulin (MG) was significantly higher in the
CLD than in the non-CLD group (17.7 (8.1-42.3) vs 9.3
(1.7-46.4) x 10* pg/gCr; P < 0.05). The horizontal solid
lines indicate the median values and dotted lines indi-
cate the cut-off values.

0 02 04 08 08 10 0 02 04 04 D8 10
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Figure 3 Receiver operating characteristic (ROC) curve
analysis for the relationship between chronic lung
disease (CLD) and levels of cord blood interleukin-6
(IL-6) and urinary B;-microglobulin (B,-MG). (a) ROC
curve analysis demonstrated a cut-off value of IL-6
for predicting CLD was 16 pg/mL. (b) A value of
10.0 x 10* ug/gCr was chosen as a cut-off point by ROC
curve analysis.

collection offers safe non-invasive access. In addition,
we also emphasize that measurement of neonatal
urinary B-MG is less costly than that of umbilical cord
IL-6. We suggest that an elevated urinary B-MG level

© 2009 The Authors
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Figure 4 Diagnostic index values in the prediction of
chronic lung disease (CLD). Interleukin-6 (IL-6): The
sensitivity, specificity, positive predictive and negative
predictive values were 0.90, 0.79, 0.69 and 0.94, respec-
tively at the cut-off value (16 pg/mL). B,-microglobulin
(MG): The sensitivity, specificity, positive predictive
and negative predictive values were 0.90, 0.63, 0.56 and
0.92, respectively at the cut-off value (10.0 x10*ug/
gCr). NPV, negative predictive value; PPV, positive
predictive value.

(=10 x 10* ug/gCr) may be an early predictor of sub-
sequent CLD development in premature infants. It is
clinically important to identify fetuses and/or infants
at risk of FIRS and subsequently CLD development.
Further immunological studies may lead to new thera-
peutic strategies for the patients with FIRS with the
potential to protect lung tissue and prevent the devel-
opment of CLD.

Increased urinary B,-MG levels are seen in proximal
tubular dysfunction because B-MG freely passes
through glomeruli and is almost completely reab-
sorbed at renal proximal tubules.® B,-MG is a low
molecular weight protein that is produced by the
expression of major histocompatibility complex (MHC)
class I proteins on the surface of most nucleated cells.”
In inflammation, IFN-y is known to stimulate §,-MG
synthesis in blood, and then urinary B,-MG levels rise
when blood levels are above the renal tubular reab-
sorption threshold.” In addition to increased urinary
B-MG excretion (in renal dysfunction), therefore,
urinary B,-MG elevation is also induced by increased
blood B»MG production (in inflammation).” More-
ovet, a previous study has shown an increased IFN-y
production even in premature infants with maternal
CAM.® Therefore, we submit that urinary B,-MG

475

Journal compilation © 2009 Japan Society of Obstetrics and Gynecology

54



S. Nishimaki ef al.

elevation observed in premature infants within days
after birth may be associated with FIR.

A limitation of our study was that we did not collect
neonatal urine samples immediately after birth. It was
not clear whether the B,-MG levels in urine obtained
within 48 h after birth are associated with the IL-6
levels in umbilical cord blood. To resolve the limitation,
urine samples should be collected using urine catheters
just after delivery. We emphasize that spontaneously
voided urine sample collection using urine bags
imposes no stress on infants. A second limitation was
that we did not consider the possibility that urinary
B>-MG elevation may be due the renal dysfunction
associated with FIRS. More research is needed to evalu-
ate the contribution of FIRS to the increase of urinary
B:-MG. However, any increase in urinary $-MG due to
renal dysfunction is a consequence of FIRS, and thus
the existence of FIRS can be inferred indirectly.

In conclusion, urinary B;-MG levels measured within
48 h after birth were significantly higher in premature
infants who developed CLD than in those who did not.
High sensitivity and negative predictive value of
urinary B,-MG for predicting CLD were demonstrated.
Although the total number of subjects studied was
small, our results suggest that urinary B-MG levels in
premature infants soon after birth can be predictive of
FIRS and may give us information about the risk of
subsequent CLD development and that is as clinically
important as information derived from umbilical cord
blood analyses of IL-6.
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Whole blood interferon-y assay for tuberculosis in children in Japan
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Abstract

Background: Whole blood interferon-y assay QuantiFERON-TB2G (QFT-2G), which is a new specific method
for diagnosing tuberculosis (TB), has been developed and used in the clinical field. The aim of the present study was
to assess the usefulness of QFT-2G as an indicator, both for diagnosing childhood TB and for assessing therapeutic
effectiveness.

Methods: The subjects were 61 children introduced to the TB outpatient department for the first time between June
2004 and March 2006. QFT-2G, the tuberculin test and chest computed tomography (CT) were performed for all
patients.

Results: Ten patients having typical characteristics of primary tuberculosis (PTB) on chest CT, and diagnosed as
having tubercle bacillus infections, all had positive reaction on QFT-2G. Of seven patients who had no abnormalities
on diagnostic imaging but who reacted positively on QFT-2G, one developed TB later, and no TB was detected over
the period of observation in 44 patients with negative QFT-2G at their first consultation. Moreover, four patients with
non-tuberculous acid-fast bacilli in which Mycobacterium avium or Mycobacterium gordonae was detected had nega-
tive reaction on QFT-2G. In addition, all 10 patients with positive reactions on QFT-2G in whom the subsequent course
of the disease was observed had decrease on QFT after treatment.

Conclusions: QFT-2G is a powerful tool with a wide application both in diagnosis and in assessment of treatment

effectiveness in PTB.

Key words bacille Calmette—Guerin, child, diagnosis of tuberculosis, interferon-v, treatment effectiveness.

The main symptoms seen at the initial stage of childhood tuber-
culosis (TB) are, as in adult TB, no different from those of the
common cold, and if the possibility of TB is not considered in
the differential diagnosis, it can be overlooked. In addition, after
close or prolonged contact with a pulmonary TB patient it is
essential to take early measures, including appropriate diagnosis
and treatment measures, and so an understanding of the nature of
pediatric TB is necessary, as is an effort to identify it in its early
stages. Diagnosis of pediatric TB (especially of the infant type)*
has hitherto been made through an overall assessment of the
combined results of patient interviews (with special attention to
questions about family history and history of bacille Calmette—
Guerin [BCG] vaccinations), the diameter of the tuberculin
reaction, blood tests, testing for acid-fast bacilli, and diagnostic
imaging (in particular, computed tomography [CT] of the
chest).2* The tuberculin test is a powerful diagnostic technique
for TB infection, but at 1-2 months after BCG vaccination even
if no TB infection has occurred, and many false-positives appear,
this reaction cannot offer clear and definite diagnostic evidence
of an infection.** The purified protein derivative (PPD) used for
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the tuberculin reaction contained several hundred antigens of
tubercle bacilli. Most of them bore a close resemblance to BCG
antigens or non-tuberculous acid-fast bacteria antigens, so that
there were positive tuberculin reactions due to BCG vaccination or
to these similar non-tuberculous acid-fast bacteria. Especially in
Japan, because BCG vaccination is conducted on a large scale, the
diagnosis of tuberculous infections has been made more difficult.

Recently, as a result of gene cloning, two specific antigens
have been identified:®’ early secretory antigenic target 6 (ESAT-6)
and culture filtrate protein 10 (CFP-10), which are present in the
tubercle bacillus group, namely, Mycobacterium tuberculosis,
M. bovis, M. africanum and only a few non-tuberculous acid-
fast bacteria, and which are in the M. tuberculosis-specific
region of difference 1 (RD-1 region), a region not present in
BCG. As a result of these discoveries an entirely new method
that uses these antigens not seen in BCG was developed for the
diagnosis of TB infections.5*° The method is as follows: using the
interferon-y (IFN-y) measurement reagent QuantiFERON-TB2G
(QFT-2G; Cellestis, Carnegie, Vic, Australia), and with ESAT-6
and CFP-10 as stimulatory antigens, the patient’s whole blood
was stimulated within 12h after being drawn. Culturing was
continued at 37°C for 1624 h. The amount of IFN-vy produced
by this induction was then determined using enzyme-linked
immunosorbent assay. QFT-2G offers the advantages of speed
and more objective results, and it is not necessary to consider
the booster effect as with the tuberculin reaction, or, because a
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measured result is obtained, for the patient to have another
consultation.

In the Tuberculosis Outpatient Department at Yokohama City
University Hospital we carried out tuberculin and QFT-2G test-
ing on pediatric patients, and studied the usefulness of these tests
for diagnosis and their significance in the treatment of TB in
children.

Methods

The subjects were 61 children (27 boys and 34 girls) visiting
the Tuberculosis Outpatient Department at Yokohama City
University Hospital for the first time between June 2004 and
March 2006. They ranged in age from 1 month to 16 years, and
the reasons for their attendance were the presence of symptoms
(eight patients), family medical checks (36 patients), contact
with a TB patient (five patients), abnormal chest shadows on
chest X-ray (one patient), a spontaneous positive reaction in the
tuberculin test (eight patients), strongly positive tuberculin tests
(one patient), and a positive Koch’s phenomenon (two patients).
All 53 patients who did not have spontaneous positive reaction
on tuberculin testing had had BCG vaccinations (Table 1).

The QFT-2G tests were performed on the whole blood of all
patients at first consultation. The method for determining the
levels of QFT-2G was as follows. First, using heparin as an anti-
coagulant, at least 1.5 mL of blood was drawn from each child,
and was quickly divided into a 24-well tissue culture plate. A few
drops of each of the stimulatory antigen, the negative control and
the positive control were added to separate wells, and mixed for
1 min. Next, an 18 h still culture was carried out at 37°C, the
resulting supernatant was drawn off and, after the temperature
had returned to 17-27°C, was placed in the wells of a human
IFN-y antibody solid-phase plate that already contained horse-
radish peroxidase-labeled anti-human IFN-y antibody solution.
The resulting solution was then mixed and left to stand for 2 h.
Finally, after the plate was washed with washing buffer, the
reaction liquid was mixed and then left to react for 30 min in
complete darkness. The absorbance was determined and the
amount of IFN-y produced was calculated. The cut-off point of
ESAT-6 and CFP-10 was set at 0.35 IU/mL, so that any level
above that point for either of them was judged to indicate a posi-
tive reaction, but judgment was reserved for results between 0.1
and 0.35 IU/mL." In such cases the tuberculin test, chest X-ray,
chest CT, and hematological tests (erythrocyte sedimentation
rate [ESR], and leukocyte counts) were performed. A positive
diagnosis of active TB was defined as the presence of tubercle
bacilli demonstrated in tests of the sputum or gastric juice; or on
CT, typical abnormal shadows of TB such as cavitations or nodu-
lar shadows, swelling of the hilar lymph nodes, and hypertrophy
of the pleura, even when tubercle bacilli cannot be identified. On
the basis of these criteria the patients were divided into three
groups: group 1, those with typical findings of primary tubercu-
losis (PTB) on chest CT, diagnosed as having TB, and having
positive reaction on QFT-2G; group 2, those without a definitive
diagnosis of TB, but with positive reaction on QFT-2G; and
group 3, those with negative reaction on QFT-2G. The clinical
features and the course of the disease were studied in these
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groups. We saw the patients every 1-6months. Also, throughout
the course of treatment we followed QFT-2G and CT in 10 patients
who had positive reaction on QFT-2G. Seven of the 10 belonged to
group 1, and the other three to group 2. And we studied the useful-
ness of QFT-2G as a method of assessing treatment effectiveness.

The treatment was decided on the basis of imaging and hema-
tology, with reference to the treatment techniques recommended
by the American Thoracic Society and the Centers for Disease
Control and Prevention.! In all cases, every 3—6 months from
the start of treatment, depending on the course of the disease,
image-based assessments were made using chest radiograph or
CT at the same time as the changes in QFT-2G level. Moreover,
in relation to the determination of the QFT-2G values, in compli-
ance with the ethics regulations of this hospital, the consent of
the child or of the parents was obtained. Each patient’s data were
kept under strict security.

Results

The 61 patients were divided into three groups, as shown in Table 1.

Group 1 consisted of 10 patients. They ranged in age from
5 months to 16 years (average age, 8.6 + 5.0 years), and the rea-
sons for their attendance were presence of symptoms in four,
family medical checks in two, contact with a TB patient in two,
and a spontaneous positive reaction in the tuberculin test in two.
Tuberculin reactions were positive in nine patients. Average ESR
was 26.3 +20.8 mmv/h. In pediatric TB the rate of bacterial elimi-
nation is low, and tubercle bacilli were seen in only five of these
10 patients. In the other five, cavitations or nodular shadows,
swollen hilar lymph nodes, thickening of the pleura, and other
characteristic findings of TB were present, and an overall diagno-
sis of TB infection was made. These 10 patients had positive reac-
tion on QFT-2G. Average QFT-2G (ESAT-6 and CFP-10) was
7.098 = 7.337 IU/mL and 6.713 + 7.421 TU/mL, respectively.

Group 2 consisted of seven patients who were QFT-2G
positive, but whose other tests did not point to a diagnosis of TB.
They ranged in age from 1month to 12 years (average age,
5.4 £ 4.7 years), and the reasons for their attendance were family
medical checks in six, and a spontaneous positive reaction in the
tuberculin test in one. Tuberculin reactions were positive in all
seven patients. Average ESR was 10.6 3.6 mm/h. Average
QFT-2G (ESAT-6 and CFP-10) was 14.368 + 4.470 IU/mL and
6.074 £ 6.119 TU/mL, respectively. In none of the seven could
TB be diagnosed from chest X-ray or CT, and chemoprophylaxis
was started. Patient 14 was given isoniazid internally for chemo-
prophylaxis from the outset because the mother had contracted
TB, but during the course of observation an infiltrative shadow
appeared in the left fung field on chest CT and TB was diagnosed.
In the other six patients, however, no sign of TB manifested in
the 6 months to time of writing, and the course of the disease was
followed at regular intervals.

Group 3 consisted of 44 QFT-2G-negative children. They
ranged in age from 1 month to 16 years (average age, 5.7 +4.6years),
and the reasons for their attendance were presence of symptoms
in four, family medical checks in 28, contact with a TB patient in
three, abnormal chest shadows on chest X-ray in one, a sponta-
neous positive reaction in the tuberculin test in five, strongly
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positive tuberculin tests in one, and a positive Koch’s. phenome-
non in two. Tuberculin reactions were positive in 24 cases. Average
ESR was 8.5 £ 12.6 mm/h. Average QFT-2G (ESAT-6 and CFP-
10) was 0.004 + 0.012 IU/mL and 0.004 + 0.019 IU/mL, respect-
ively. On chest X-ray and CT no hilar Ilymph node swelling or
nodular shadows were seen, and TB was not diagnosed in any
patient, either at the initial consultation or during the study period
of 18 months. Mycobacterium avium was detected in two
patients, and M. gordonae in two patients, but QFT-2G was neg-
ative in these four patients.

We then examined the usefulness of QFT-2G for judging treat-
ment effectiveness. More than 6months after treatment was termi-
nated, in the 10 QFT-2G-positive patients who could be examined,
the changes in QFT-2G levels were examined (Fig. 1). Seven of the
10 belonged to group 1, and the other three, to group 2. The imaging
findings in the seven from group 1 improved with treatment, and
also, the QFT-2G decreased. When the three from group 2 were
given isoniazid internally for chemoprophylaxis, a fall in QFT-2G
was seen. Five of the 10 patients became QFT-2G negative. It was
observed that, although three (two in group 1 and one in group 2) of
the five patients who continued to be positive had no change in
imaging findings, their QFT-2G levels rose, and then fell naturally.

Discussion

This study examined whether QFT-2G is useful as an indicator in
the diagnosis and treatment of childhood tuberculosis. In all
patients who had cavitations, swelling of the hilar lymph nodes,
nodular shadows and other characteristic findings of pulmonary
TB, and who were therefore diagnosed as having TB, QFT-2G
was positive, and in one asymptomatic patient who had no abnor-
mal imaging findings, but who had a positive result on QFT-2G,
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Fig.1 Change in QFT-2G (QuantiFERON-TB2G) for (a) early
secretory antigenic target 6 and (b) culeure filtrate protein 10 for 10
tuberculosis patients (group 1, n = 7; group 2, n = 3).
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TB developed later. In patients who had negative QFT-2G at the
initial consultation, TB was not found to have developed during
the subsequent observation, and in patients with a history of BCG
vaccination and positive tuberculin reactions, QFT-2G was nega-
tive, and it was confirmed that QFT-2G was unaffected by BCG.
Moreover, in cases of non-tuberculous acid-fast bacilli in which
M. avium or M. gordonae was detected, just as was stated in the
published reports,>'? QFT-2G was negative. For patients in whom
it was possible to observe the changes in QFT-2G together with
the course of treatment over time, the QFT-2G level fell signifi-
cantly in accordance with the improvements in symptoms.

In a clinical study conducted in the Tuberculosis Outpatient
Department at Yokohama City University Hospital, 105 children
with TB were examined during the 26 years between 1975 and
2001. The characteristics of childhood TB and how they differ
from adult TB were clarified. The main points were as follows: =3
(i) childhood TB has a clinical pattern that differs from that of
adult TB: in babies and infants the symptoms caused by the
tubercle bacillus appear almost immediately, whereas in adults
the tubercle bacillus responsible for the previous infection is
reactivated and spreads through the lung by lymphogenous
metastasis, forming cavities; (ii) the majority of child TB patients
are aged between 0 and 6 years; (iii) most cases (>95%) of infant
TB result from familial infections; (iv) out of 79 children under
7 years old, 17 had hematogenous dissemination, which causes
meningitis and miliary TB, and the outcomes of these serious
cases of TB were extremely poor: three children died and nine
other children had severe sequelae, indeed, in infants the disease
is liable to progress in this way, resulting in serious cases of TB
such as meningitis and miliary TB; and (v) in infants the excre-
tion rate of the tubercle bacilli is extremely low. In addition,
some of the typical results from tests of such cases are the
following: (i) there are no specific blood test abnormalities found
in childhood TB, because tests such as ESR and leukocyte counts
show little variation, and it is difficult to offer one of these as an
index of activity; (ii) in infants, if activity is present, the serum
IgM rises to more than twice the age of the child; (iii) plain chest
X-ray rarely shows any detectable abnormality, and so it is safer
to perform chest CT, which can give a great deal of information;
(iv) attention should be given to swelling of the hilar or parab-
ronchial lymph nodes; and (v) cavitation does not occur in pedi-
atric pulmonary TB, and microscopy of gastric juice and sputum
rarely results in the detection of tubercle bacilli. In view of the
aforementioned characteristics of childhood TB, its diagnosis
(especially that of infantile-type TB) has been based on an overall
assessment of the medical interview (particularly replies about
BCG vaccination history and family history), the diameter of the
tuberculin reaction, hematological tests, tests for acid-fast bacilli,
and diagnostic imaging (in particular, chest CT). A characteristic
finding, however, particularly deserving of attention is that, in
infantile TB, there are few cases of excretion of bacilli. The
amount of excretion of bacilli is also small, and the proportion of
cases in which bacteria are detected in actual microscopy is
sapproximately 8% (and even in cultures, up to approx. 35%),"*
and therefore, if the detection of bacteria is taken to be the criterion,
it is extremely difficult to make a definite diagnosis of infantile TB.
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In the past the tuberculin reaction was one of the most powerful
methods of detecting whether a TB infection was present or not,
but, owing to the effects of the BCG vaccination, this reaction yields
false-positive results despite the absence of infection by tubercle
bacilli, and therefore presents problems in a clinical setting >

The newly developed QFT-2G is attracting much attention as
an innovative tool for testing for the presence of a tubercle bacil-
Ius infection without being affected by previous BCG vaccina-
tions.®? In this method, 5 mL of blood is drawn from the subject,
and the stimulatory antigens are added to the sample and left to
stand overnight. Then, on quantitative analysis of IFN-vy, which
is produced by the T lymphocytes (in particular, effector T-cells),
it is possible to assess whether the body has produced a cellular
immune reaction and, if so, the strength of that reaction.%%!3 The
non-homologous portion of the amino acid sequence of BCG
and the human-type tubercle bacillus was identified using new
molecular biological technigues, and this method uses this non-
homologous portion as a stimulatory antigen. In Japan, where
BCG vaccinations are given during childhood, this is considered
to be of great significance. In a QFT-2G trial using 118 patients
with smears positive for TB and the 220 patients who had had
BCG vaccinations, the sensitivity and specificity, when the cut-
off for the IFN-y produced was set at 0.35 TU/mL, were high at
89.0% and 98.1%, respectively, suggesting that this method is
highly effective for diagnosing TB infection.!® In addition,
recently, many articles comparing the usefulness of QFT-2G in
adult patients for treating active and latent TB with the results
of the tuberculin reaction have appeared, and QFT-2G has been
used widely in clinical research to indicate, for example: (i)
diagnosis of active disease; (ii) differences between infection
with TB or non-tuberculous acid-fast bacteria; (iii) differences
between TB infections and BCG vaccine administered previ-
ously; (iv) foreknowledge of the reactivation of latent TB; and
(v) assessment of treatment efficacy.®"® It has been proved that
this method of examination has a higher specificity, and the
cross-reactivity between BCG vaccine and non-tuberculous
acid-fast bacteria is low.!**

The number of effector T-cells is greater when antigen
presentation occurs in an infectious condition than in a non-
infectious condition, and the QFT-2G level, that is, the amount of
production of IFN-v, increases. When the activity of the infec-
tion is lessened by treatment, the number of effector T-cells
circulating in the peripheral blood decreases, and the memory
T-cells increase in number. Because the amount of IEN-y produced
by the memory T-cells is small, the measured IFN-v falls. The
culture period of QFT-2G is 18 h, and it is thought that the IFN-vy
detected is provided by the effector T-cells. Theoretically speak-
ing, if the infection is active, the QFT-2G level is high, and when
the infection is inactive, the IFN~y amount is thought to fall. In
the present study also, when treatment was begun, the imaging find-
ings improved, and at the same time, QFT-2G fell, and these changes
are useful in assessing the effects of treatment. The present study
also showed that, at the end of treatment, approximately half of the
patients were QFT-2G negative, while the other half continued to
be positive. The imaging findings are considered to be important for
judging when to terminate treatment; and for diagnosing a relapse,
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the imaging findings are thought to be important. A long period of
observation is necessary to see how the QFT-2G will change.

The question of how much blood should be drawn for
QFT-2G in childhood patients has been raised, but the number of
lymphocytes from whole blood required for this test is greater in
infants and children than for adults, but we have found that a
sample of =1.5mL provides test results that are reliable. An
examination based on a greater number of cases, however, should
be done to ascertain the amount of blood suitable for a sample.

In the present paper the usefulness of QFT-2G for the purposes
of diagnosis and assessment of treatment results, without distor-
tion by BCG vaccination history, has been acknowledged. The
present study is believed to have demonstrated, even in childhood
TB patients in whom diagnosis is difficult because the excretion
rate of bacilli is low, that QFT-2G has valuable qualities as an
alternative test method for diagnosis and treatment outcome
assessment. We intend to determine the significance of these
results by accumulating data on more cases of childhood TB.
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