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Biliary obstruction induces a increase in the permeability between
blood and bile, and a decrease in the rate of immunoglobulin A
(IgA) transport into bile. We investigated the effects of percu-
taneous transhepatic biliary drainage (PTBD) on these derange-
ments. PTBD reduced the extent of elevation of the bile-to-serum
ratio of Immunoglobulin G (IgG; IgG-BS ratio) in patients with
obstructive jaundice. Because IgG is known to be passively
transported from serum to bile, the results indicate that PTBD
restores the blood-bile barrier function. The IgA-BS ratio/IgG-
BS ratio index (IgA/IgG index) and the IgM/IgG index, which
indicated the function of selective transport of IgA and IgM into
bile, initially decreased and then returned to the normal range
17 days after PTBD in patients who experienced a rapid reso-
lution of hyperbilirubinemia. However these indices remained
low in patients who did not experience this resolution. The serum
secretory IgA levels in patients who did not experienced rapid
resolution of hyperbilirubinemia markedly increased before
PTBD. The serum secretory IgA levels in the patients who did
and those who did not experience rapid resolution of hyperbili-
rubinemia, after initially increasing, decreased after PTBD.
However the level returned to the control range only in patients
who experienced a rapid resolution. These results indicate that
the secretory IgA level is a sensitive indicator of hepatobiliary
function, and measurement of the level of secretory IgA could
predict the effect of PTBD.
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ILIARY OBSTRUCTION AND obstructive jaundice
have many adverse effects on liver, cardiovascular,
renal, and immunologic functions. Biliary ob-

struction induces morphologic disruption in the tight
junction,' increased permeability between blood and bile,
and destruction of the blood-bile (canaliculosinusoidal)
barrier function.2

In rats ligation of the biliary tract induces elevation of
serum levels ofimmunoglobulin A (IgA) and of secretory
components.3 Kloppel et al.4 have reported that IgA
transport into bile is depressed after temporary bile duct
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clamping. In humans obstructive jaundice is known to
elevate serum levels of IgA, secretory IgA, and IgA-con-
taining circulating immune complexes.5'6 However the
function of selective IgA transport into bile after de-
compression is unknown. In this communication we ob-
served that the function of selective IgA transport into
bile was recovered only in the patients who experienced
rapid resolution of hyperbilirubinemia after percutaneous
transhepatic biliary drainage (PTBD), whereas in all of
the patients PTBD reduced the degree of blood-bile per-
meability elevation. In addition we found that serum se-
cretory IgA level was a good marker of hepatobiliary
function.

Patients and Methods
Patients and Samples
From 43 patients undergoing PTBD before surgery for

biliary obstruction due to biliary tract stones (n = 2) or
to tumors of the biliary tract or of the pancreas (n = 41),
78 samples of serum and/or hepatic bile were obtained.
The catheter was placed properly and continuous bile flow
was observed in all patients. Patients with acute cholangitis
or other complications were excluded from this study.
The patients with obstructive jaundice were divided

into three groups. Group A: total serum bilirubin ofmore
than 10 mg/dL before PTBD and less than 5 mg/dL 20
days after PTBD (n = 21); group B: total serum bilirubin
of more than 10 mg/dL before PTBD and more than 5
mg/dL 20 days after PTBD (n = 15); and group C: total
serum bilirubin of less than 10 mg/dL before PTBD (n
= 7).
There were no significant difference in the levels oftotal

serum bilirubin or of glutamic oxaloacetic transaminase
(GOT) between group A and B before PTBD (Table 1).
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A control group of patients, each of whom underwent a
cholecystectomy and T-tube drainage (n = 8) at least 11
days earlier, were also studied. All the samples were col-
lected in the morning after an overnight fast and stored
at -70 C until analysis. The study was carried out in
accordance with the Helsinki Declaration.

Measurement of IgA, IgG, and IgM Concentrations in
Serum and Bile

The concentrations of IgA, immunoglobulin G (IgG),
and immunoglobulin M (IgM) were measured by enzyme-
immunoassays (MBL, Nagoya, Japan), as reported ear-
lier.2 To samples diluted with phosphate-buffered saline
(PBS) were added anti-human IgA, IgG, and IgM anti-
bodies, which adhered to polystyrene beads in microtubes.
These combinations were incubated for 3 hours at 37 C.
After washing with PBS, f3-D-galactosidase-conjugated
anti-human IgA, IgG, and IgM antibodies were added to
the tubes, incubated for 2 hours at 37 C, and washed
again. A substrate (O-nitrophenyl-f-D-galactopyranoside)
was then added to the tubes. After incubation for about
18 hours at 37 C, the optical density (OD) was measured
at 420 nm. The specificity of these assays was confirmed
using purified IgA, IgG, and IgM (Cappel, Malvern, PA).
The concentrations of IgG in bile was expressed as the

bile-to-serum (BS) ratio. To compare different proteins,
the concentrations of IgA and IgM in the bile were ex-
pressed as the index of the bile-to-serum ratio of the re-
spective immunoglobulin (BS ratio) to the BS ratio ofIgG
(IgA or IgM-BS ratio/IgG-BS ratio).

Measurement ofSecretory IgA Levels in Serum

An enzyme immunoassay for secretory IgA (MBL) was
used and has been reported earlier.7 Diluted samples were
reacted with goat anti-human free secretory component
antibodies, which adhered to polystyrene beads in micro-
tubes, for 1 hour at 37 C. After washing, peroxidase-con-
jugated F(ab')2 goat anti-human IgA antibodies were added
to the tubes and then incubated for 1 hour at 37 C. After
washing, a substrate (0-phenylenediamine in 0.1 M phos-

TABLE 1. The Levels of Total Serum Bilirubin and GOT Before PTBD

Group Total Serum Bilirubin (mg/dL) GOT (IU)

Group A 15.6 ± 1.2 138 ± 26
Group B 17.9 ± 1.1 101 ± 15
Group C 7.2 ± 0.4 192 ± 82

Group A: Total serum bilirubin more than 10 mg/dL before PTBD
and <5 mg/dL 20 days after PTBD.
Group B: Total serum bilirubin more than 10 mg/dL before PTBD

and >5 mg/dL 20 days after PTBD.
Group C: Total serum bilirubin less than 10 mg/dL before PTBD.
There was no significant difference between group A and group B

(mean ± SEM).
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FIG. 1. The changes ofthe IgG bile-to-serum (BS) ratio ofgroup A (open
circle: patients who experienced a rapid resolution ofhyperbilirubinemia),
group B (closed circle: patients who did not experience a rapid resolution
of hyperbilirubinemia), group C (open triangle: total serum bilirubin
< 10 mg/dL before PTBD), and the control group (vertical line). *group
B > group A and control, p < 0.01. **group A or B > control, p < 0.05.
There is no significant difference between group C and the control group.

phate buffer, pH 6.0, containing 0.03% hydrogen perox-
ide) was added to the tubes. After further incubation for
1 hour at room temperature, the optical density was mea-
sured at 492 nm. The specificity of these antibodies was
confirmed using purified secretory IgA, IgA free of secre-
tory component, and free secretory component (Cappel
and MBL).

Statistical Analysis

Results were expressed as the mean ± standard error
(SEM). Statistical analysis was performed by Wilcoxon's
rank sum test,8 and probability values (p values) less than
0.05 were considered significant.

Results

The BS ratio of IgG (IgG-BS ratio) in group A (rapid
decrease in the total serum bilirubin level after PTBD)
was high during the period between day 3 and day 9 but
decreased to control levels during the period between day
10 and day 16 after PTBD (Fig. 1). In group B (no decrease
in the total serum bilirubin level to less than 5 mg/dL),
the ratio was markedly high during the period between
day 3 and day 9 and also decreased but over a longer
period of time. There were no significant difference in
serum levels of IgA, IgG, and IgM between group A and
B (Table 2). There was no significant difference between
the IgG-BS ratio of group C (total serum bilirubin less
than 10 mg/dL before PTBD) and that of the control
group. Because it is known that IgG is passively trans-
ported from serum to bile,9"10 the results indicate that the
permeability increases in patients with obstructive jaun-
dice and that these derangements are not due to artificial
contaminations. PTBD reduces the degree of blood-bile

VOl. 211.- NO. 4



430 OHSHIO AND OTHERS

TABLE 2. The Levels ofIgA, IgG, and IgM in Serum and Bile After PTBD

Bile (mg/dL) Serum (mg/dL)

Group IgA IgG IgM IgA IgG IgM

Group A
3to9days 16.2± 5.1 24.0± 8.2 9.7±4.2 609± 102 2417±233 169± 18
10 to 16 days 9.9 ± 1.9 8.1± 1.8* 4.5 ± 1.1 546 ± 114 2555 ± 330 179 ± 14
More than 17 days 12.3 ± 25 7.1 ± 2.2* 3.3 ± 0.9* 561 ± 74 2439 ± 309 152 ± 21

Group B
3 to 9 days 48.7 ± 17.6 97.9 ± 40.3 13.3 ± 4.9 602 ± 97 2282 ± 363 237 ± 65
10 to 16 days 45.1 ± 23.9 50.8 ± 31.2 3.6 ± 0.9* 642 ± 128 2374 ± 417 225 ± 39
Morethan 17 days 10.8 ± 3.8* 11.7 ± 4.6* 3.2 ± 1.0* 662 ± 146 1896 ± 159 196 ± 53

Group C
3 to 9 days 14.1 ± 4.1 7.1 ± 2.2 6.8 ± 3.4 720 ± 104 2426 ± 325 139 ± 41

Group A: Total serum bilirubin more than 10 mg/dL before PTBD
and less than 5 mg/dL 20 days after PTBD.
Group B: Total serum bilirubin more than 10 mg/dL before PTBD

and more than 5 mg/dL 20 days after PTBD.
Group C: Total serum bilirubin less than 10 mg/dL before PTBD.

permeability elevation in both the patients who experi-
enced a rapid decrease of total serum bilirubin and those
who did not.
The changes of the IgA/IgG index (IgA-BS ratio/IgG-

BS ratio) are shown in Figure 2. The IgA/IgG index of
group A was slightly low during the period between day
3 and day 9 and increased to the normal range during the
period between day 10 and day 16 after PTBD. On the
contrary, the IgA/IgG index ofgroup B was markedly low
during the period between day 3 and day 9 and remained
low even when measured 17 days after PTBD.
The changes ofthe IgM/IgG index are shown in Figure

3. The index of group B was also found to be low during
the period between day 3 and day 9, and significantly
lower than that of group A 17 days after PTBD. These
results indicate that the ability to selectively transport IgA
and IgM into bile was recovered only in those who ex-

Control: More than 11 days after cholecystectomy and T-tube drainage.
* Significant difference between values at 10 to 16 days or more than

17 days and that at 3 to 9 days (p < 0.05). There was no significant
differences in serum immunoglobulin levels among groups A, B, and C
(mean ± SEM).

perienced a rapid resolution of hyperbilirubinemia after
PTBD.
The serum secretory IgA level before PTBD was sig-

nificantly higher in group B than in group A (Fig. 4). The
serum secretory IgA level in group A decreased to the
control range after 17 days. In group B it decreased slightly
after PTBD; however the level remained high even after
17 days.

Discussion

IgA and IgM are selectively transported into bile,""1'2
whereas most other proteins (i.e., IgG and albumin) in
bile are derived from circulating plasma by molecular
weight-dependent passive transport.9"0 We have reported
that a increased BS ratio of IgG or albumin indicates an
increase in permeability between blood and bile and a
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FIG. 2. The changes of the IgA/IgG index (IgA-BS ratio/IgG-BS ratio)
of group A (open circle: patients who experienced a rapid resolution of
hyperbilirubinemia), group B (closed circle: patients who did not expe-
rience a rapid resolution of hyperbilirubinemia), and the control group
(vertical line). *group B < control, p < 0.05. **group B < group A and
control, p < 0.01.
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FIG. 3. The changes of the IgM/IgG index (IgM-BS ratio/IgG-BS ratio)
of group A (open circle: patients who experienced a rapid resolution of
hyperbilirubinemia), group B (closed circle: patients who did not expe-
rience a rapid resolution of hyperbilirubinemia), and the control group
(vertical line). *group B < control, p < 0.05. **group B < group A, p
< 0.05.
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FIG. 4. The changes in serum secretory IgA levels of group A (open
circle: patients who experienced a rapid resolution ofhyperbilirubinemia),
group B (closed circle: patients who did not experience rapid resolution
of hyperbilirubinemia), and the control group (vertical line). *group B
> group A, p < 0.05 and group B > control, p < 0.01. **group A > con-

trol, p < 0.05.

deterioration of the blood-bile barrier function in patients
with biliary obstruction.2 Tight junctions betwe&n hepa-
tocytes have been recognized as the only structures re-

sponsible for the barrier between blood and the lumen of
the bile canaliculus. Robenek et al.1 have reported that
extrahepatic biliary obstruction causes decontinuities in
the junctional meshwork that provide a direct pathway
between the lumen of the bile canaliculus and the inter-
cellular space.

Our results showed that PTBD reduced the degree of
blood-bile permeability elevation in patients with ob-
structive jaundice, although the time requirements were

different for each group. Thus PTBD restores the function
ofthe tight junction in patients with obstructive jaundice.
Endotoxemia is one of the most common causes ofcom-
plications and multiple-organ failure before and after an
operation on patients with biliary obstruction. The levels
of endotoxin in patients with gram-negative bacteria in

bile show a greater increase than do those in patients with
sterile cultures, and the destraction of the blood-bile bar-
rier function might be a cause of endotoxemia.'3 The re-

covery of the blood-bile barrier function may have clinical
significance.
The ability to selectively transport IgA and IgM into

bile was recovered in those patients who experienced a

rapid resolution of hyperbilirubinemia after PTBD but
not in those patients whose total serum bilirubin level did
not decrease to less than 5 mg/dL. There was no difference
in serum immunoglobulin levels between these two
groups. Serum immunoglobulins are one source ofbiliary
IgA and IgM.9`" The cause of the failure to recover the
ability to selectively transport is not due to the decreased
levels of serum immunoglobulins.
The serum secretory IgA level before PTBD was sig-

nificantly higher in those patients whose total serum bil-
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irubin level did not decrease to less than 5 mg/dL than
in patients who experienced a rapid resolution of hyper-
bilirubinemia. The serum secretory IgA level decreased
initially after PTBD in both groups but returned to the
control range only in patients who experienced a rapid
resolution of hyperbilirubinemia. The increased level of
serum secretory IgA found in conjuction with liver dis-
eases is considered to be due to a reflux of secretory IgA
and free secretory component from bile to serum and/or
a direct release of free secretory component from hepa-
tobiliary tissue.'4 The decrease in the serum secretory IgA
level after PTBD may be due to a restoration of the func-
tion of the tight junction and decreased amount of reflux
of secretory IgA and secretory component from bile to
serum. Secretory IgA levels in patients who did not ex-

perience a rapid resolution of hyperbilirubinemia still re-

mained high even at 17 days, while the permeability be-
tween serum and bile returned to the normal range. The
cause ofthe increased secreto7 IgA levels in these patients
is still unknown and needs further investigation.

It has been reported that PTBD improves liver, renal,
and immunologic function and decreases the operative
mortality rate in obstructive jaundice cases.151-7 However
a high drainage-related complication rate is also re-

ported.'8-'9 We have shown that the serum secretory IgA
level is a sensitive indicator of hepatobiliary function and
that the secretory IgA level before PTBD is related to the
effect of PTBD. Measurement of the level of serum se-

cretory IgA could predict the effect of PTBD.
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