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A Strategy for Supraclavicular Lymph Node
Dissection Using Recurrent Laryngeal Nerve Lymph
Node Status in Thoracic Esophageal Squamous Cell

Carcinoma

Yusuke Taniyama, MD, Takanobu Nakamura, MD, Atsushi Mitamura, MD,
Jin Teshima, MD, Kazunori Katsura, MD, Shigeo Abe, MD, Toru Nakano, MD,
Takashi Kamei, MD, Go Miyata, MD, and Noriaki Ouchi, MD

Department of Advanced Surgical Science and Technology, Tohoku University School of Medicine, Miyagi, Japan

Background. The desirability of supraclavicular lymph
node (LN) dissection, which is the cervical part of three-
field LN dissection, has been discussed for a long time.
In this study, we examine the pattern of supraclavicular
LN metastasis in esophageal cancer, with a particular
focus on the correlation between recurrent laryngeal
nerve (RLN) LN and supraclavicular LN metastasis.

Methods. In all, 220 cases of R0 resected T1 to T3 squa-
mous cell carcinomas were refrospectively examined. All
of these patients underwent bilateral RLN LNs dissec-
tion; none received cancer treatment before surgery.

Results. Of 21 upper esophageal cancer cases, 33.3% of
the patients had metastasis in the supraclavicular LN.
Every patient in whom supraclavicular LN metastasis
developed had metastasis in the RLN LN. Of 141 cases
of middle esophageal cancer, 19.1% had metastasis in
the supraclavicular LN. Among the patients whose RLN

he Iymph nodes (LNs) around the recurrent laryngeal

nerve (RLN) are well known as frequent metastatic
sites of squamous cell carcinoma of the esophagus, and
their dissection has been reported as beneficial [1-4]. The
cervical area of this LN is located adjacent to the cervical
esophagus, which is described as paraesophageal LN in
the International Union Against Cancer (Union Inter-
nationale Contre le Cancer [UICC]) seventh edition [5].
Although this LN had been included in the regional LN
in the UICC seventh edition, supraclavicular (5C) LNs
whose dissection also has been reported as improving
survival [6-9] were excluded from this category. The
desirability of SC LN dissection, which is the cervical part
of three-field LN dissection, has been debated for
a considerable time during the history of esophageal
cancer surgery, and the issue still remains controversial
[10-12]. One argument against this dissection is based on
the SC LN metastasis being relatively rare in operable
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LN metastasized, 38.3% had metastasis in the supraclavicu-
lar LN. A similar correlation between RLN LN and
supraclavicular LN metastasis was observed in lower
esophageal cancer cases, especially in T3 cases. When
considering cancers of the esophagus and patients who
had metastasis in the supraclavicular LN, our data demon-
strated that RLN LN metastasis did not always lead to
metastasis on the same side of the supraclavicular LN.

Conclusions. The status of the RLN LN can be an indi-
cator of supraclavicular LN dissection in upper esopha-
geal cancer patients and advanced cases of middle and
lower esophageal cancer patients. Bilateral supraclavicu-
lar LN dissection should be recommended even when
only unilateral RLN LN metastasis occurs.

(Ann Thorac Surg 2013;95:1930-7)
© 2013 by The Saciety of Thoracic Surgeons

patients. Therefore, to justify such dissection, it is
imperative to determine which patients will benefit from
this procedure.

According to the previous reports, RLN LNs can be
a predictor for performing SC LN dissection [13-16]. This
idea seems reasonable because lymphatic channels
connect RLN LN to SC LN [17]. Conversely, because there
are long longitudinal lymphatic extensions in esophageal
submucosa, early esophageal cancer may metastasize
directly to SC LN even from the lower esophagus
[18, 19]. Consequently, tumor depth must be considered
to obtain exact data regarding the pattern of SC LN
metastasis. In this study, we retrospectively analyzed the
correlation between SC LN and RLN LN metastasis,
adding the variables of location and depth of the tumor.
Additionally, to establish the strategy for SC LN dissec-
tion, the correlation of laterality in SC LN and upper RLN
LN metastasis was examined.

Patients and Methods

From January 1986 to 2011, 926 patients with esophageal
cancer underwent esophagectomy in our single institu-
tion. Among them, we selected patients according to the

0003-4975/$36.00
http://dx.doi.org/10.1016/j.athoracsur.2013.03.069
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following criteria to obtain the exact data of RLN LN state
and exclude residual cancer cases: (1) T1 to T3 squamous
cell carcinoma cases; (2) underwent the McKeown
procedure; (3) a bilateral RLN LN dissection was per-
formed; (4) an RO resection was done; (5) the surgical
margin was pathologically negative; (6) there was no
treatment for cancer before surgery because the status of
LN metastasis could have been modified by that presur-
gical treatment; and (7) a follow-up examination had been
done more than 1 year after the surgery, except when the
patient died of cancer within 1 year of the surgery. In
total, 220 cases met these criteria. The present retro-
spective study protocol was reviewed and approved by
the Tohoku University Institutional Review Board.

Surgical Procedure

All 220 patients underwent esophagectomy with either
fifth intercostal thoracotomy or thoracoscopic procedure
by left lateral decubitus position. Thoracic nodes
including paraesophageal LN, bilateral recurrent laryn-
geal nerve nodes, subcarinal nodes, and bilateral
pulmonary hilar nodes were dissected in all the cases.
Through upper midline laparotomy or laparoscopic
procedure, the paracardiac node, celiac nodes, and nodes
along the left gastric artery were dissected, and the
stomach tube was made. Through cervical collar incision,
the cervical paraesophageal nodes, including cervical
RLN LNs, were dissected bilaterally. Bilateral SC LN
dissection was performed on 84 patients who were sus-
pected of having metastatic SC LN before the surgery.
After the stomach tube was pulled up to the neck through
a posterior mediastinal route or a retrosternal route, an
anastomosis between the stomach tube and the esoph-
agus was carried out using Gambee techniques.

Diagnosis

All specimens were pathologically diagnosed at the
Tohoku University Department of Pathology. The UICC
seventh edition was used for TNM classification, and
pathology results determined the T and N scale. In this
study, SC LN is defined as the cervical LN located at the
lateral side of the jugular vein, the cranial side of the
clavicles, caudal side of the cricoid cartilage level, and
the dorsal side of the sternocleidomastoid muscle. All
patients were regularly followed up at intervals of 4 to 6
months for the first 5 years postoperatively. A computed
tomography scan and upper endoscopy were performed
at every follow-up to rule out the possibility of disease
recurrence. A positron emission tomography scan was
used to confirm cancer recurrence. When metastasis was
detected in the SC area of patients who had not under-
gone SC LN dissection, we also included those cases in
the SC LN metastasis group.

Postoperative Morbidity and Adjuvant Therapy

The vocal cord was examined in all of the cases by using
a bronchoscope when the intubation tube was extubated.
If any dysmotility was found in the vocal cord, we defined
these cases as RLN palsy. When the diaphragm did not
show any movement through radiographic examination,

TANIYAMA ET AL 1931
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we defined these cases as phrenic nerve palsy. Anasto-
mosis leakage was confirmed in all of the cases either
by using endoscopy or contrasted radiography. Chyle
leakage was diagnosed by detecting a large amount of
milky white effusion from either the thoracic cavity or the
neck.

Postoperative adjuvant therapy was administered to
patients whose performance status was 0 or 1. Patients
who had more than three metastatic LN were the target of
adjuvant chemotherapy or radiotherapy or both. Patients
whose condition did not permit adjuvant chemo-
radiotherapy, or who refused additional therapy, were
followed up closely in our outpatient clinic,

Statistics

All two-by-two tables were analyzed by Fisher’s exact
test. Disease-specific survivals were analyzed using
Kaplan-Meier methods including only cancer death, and
overall survivals were analyzed including all causes of
death. The statistical significance of differences was
compared by the log rank test. These analyses were
performed electronically with the use of statistical soft-
ware (JMP, version 9; SAS Institute, Cary, NC).

Results

The clinical and pathologic characteristics of the study
population are summarized in Table 1. Nineteen patients
had cancer metastasis in the SC LN at the time of surgery
and 22 patients had metastasis in the SC LN after surgery.

Table 1. Swmmary of 220 Patients

Characteristics Number of Patients

Total cases 220
Age, years 42-83 (average 63.5)
Sex

Male 186

Female 34
T classification

T1 78

T2 26

T3 116
N classification

NGO 95

N1 65

N2 36

N3 24
M classification

Mo 201

M1 (SC LN) 19
Recurrence at cervical LN 22
Tumor location

Upper 21

Middle 141

Lower 58

LN = lymph node; SC = supraclavicular.
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Table 2. Frequency of Recurrent Laryngeal Nerve Lymph Node and Supraclavicular Lymph Node Metastasis in Each T Stage

Type of Cancer Total

T1 T2 T3

Upper esophageal cancer
RLN LN metastasis/total cases
SC LN metastasis/total cases
Middle esophageal cancer
RLN LN metastasis/total cases
SC LN metastasis/total cases
Lower esophageal cancer
RLN LN metastasis/total cases
SC LN metastasis/total cases

14/21 (66.7%)
7121 (33.3%)

471141 (33.3%)
27/141 (19.1%)

12758 (20.7%)
7/58 (12.1%)

5/8 (62.5%)
2/8 (25.0%)

2/3 (66.7%)
213 (66.7%)

7110 (70.0%)
3/10 (30.0%)

6/50 (12.0%)
4/50 (8.0%)

10/17 (58.8%)
4/17 (23.5%)

31/74 (41.9%)
19/74 (25.7%)

6/32 (18.8%)
4/32 (12.5%)

4120 (20.0%)
2/20 (10.0%)

216 (33.3%)
1/6 (16.7%)

LN = lymph node; RLN = recurrent laryngeal nerve;

Among 22 cases, 3 cases had lung metastasis and 2 cases
had liver metastasis at the same time that SC LN
metastasis had occurred. In upper esophageal cancer
cases, 66.7% of the patients had RLN LN metastasis and
33.3% had SC LN metastasis (Table 2). Among all
patients with metastasis in the RLN LN, 7 of 14 patients
had metastasis to the SC LN (Table 3). Among patients
who had SC LN metastasis, all had metastasis in the
RLN LN. With regard to cancers of the middle
esophagus, 33.3% of the patients had RLN LN
metastasis and 19.1% had SC LN metastasis (Table 2).
Among these middle esophageal cancer patients with
metastasis in the RLN LN, 18 of 47 patients (38.3%) also
had metastasis to the SC LN, and this ratio rose with
the depth of tumor invasion (Table 3). Fisher’s exact test
demonstrated that patients with T3 tumor and RLN LN
metastasis have a statistically high risk of SC LN
metastasis. In cancer of the lower esophagus, however,
the rates of RLN LN metastasis (20.7%) and of SC
LN metastasis (12.1%) were not as high as the rates
observed in middle esophageal cancer (Table 2).
However, among patients whose cancers had
metastasized from their lower esophagus to RLN LN,

SC = supraclavicular.

3 of 12 patients (25%) had metastasis to the SC LN
(Table 3). This trend was apparent in T3 cases and was
similar to what we observed in middle esophageal
cancers. Conversely, RLN LN status in T1 and T2 cases
did not contribute to the information of SC LN metastasis.

To investigate laterality between RLN LN and SC LN
metastasis, the patients whose cancers had metastasized
in the unilateral side of the RLN LN were identified, and
laterality of SC LN metastasis was analyzed (Fig 1). With
upper esophageal cancers, unilateral RLN LN metastasis
tends to develop on the same side of the SC LN
metastasis. However, unilateral RLN LN metastasis did
not always develop on the same side of the SC LN
when there was metastasis in cancers of the middle and
lower esophagus.

The 84 patients who underwent SC LN dissection were
used to evaluate the efficiency of this procedure (Table 4).
Among these 84 patients, 19 had SC LN metastasis by
pathology evaluation, only 3 patients had cancer
recurrence in the cervical LN, and 16 had no recurrence
at the neck (Table 5). Interestingly, the adjuvant therapy
did not contribute to suppression of the cervical LN
recurrence in patients who had metastasis in SC LN.

Table 3. Correlation Between Recurrent Laryngeal Nerve Lymph Node Metastasis and Supraclavicular Lymph Node Metastasis in

Each T Stage

Type of Cancer  Total RLN~ Total RLN+ T1 RLN~ T1 RLN-- T2 RLN~ T2 RLN+ T3 RLN-~ T3 RLN+
Upper EC
SC— 7 7 3 3 1 0 3 4
SC+ Y 7 0 2 0 2 0 3
p Value® 0.046 0.464 0.333 0.475
Middle EC
5C—- 85 29 41 5 6 7 38 17
SC+ 9 18 3 1 1 3 5 14
p Value® < 0.001 0411 0.603 0.002
Lower EC
SC— 42 9 14 4 3 2 25 3
SC+ 4 3 2 0 1 0 1 3
p Value® 0.0147 1.000 1.000 0.015

" Fisher’s exact test.

EC = esophageal cancer; RLN = recurrent laryngeal lymph node;

SC = supraclavicular.
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Fig 1. Laterality of recurrent laryngeal nerve (RLN) lymph node (LN)
and supraclavicular (SC) LN metastasis in each tumor location. Every
case had only unilateral RLN LN metastasis. Boxes shows the number
of RLN LN metastasis, and ovals show the number of SC LN
metastasis in each side.

Disease-specific survival and overall survival data of
these 84 patients with SC LN metastasis is presented in
Figure 2. Their 5-year survival rates were 28.7% and 22.7%,
which was similar to the rates in a previous report [6].
When compared with the RLN LN metastasized patient
(Fig 3), b-year survival was only approximately 10%
lower in cases of metastasis of the SC LN. To analyze the
benefit of SC LN dissection among the non RLN LN
metastasized and metastasized patients, survival data of
both the SC LN dissected and nondissected patients is
charted in Figure 4 and Figure 5. Although these data
seem to show less benefit in the SC LN dissected group,
this group includes more of the advanced and upper

TANIYAMA ET AL 1933
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Table 4. Summary of 84 Patients Who Underwent
Supraclavicular Lymph Node Dissection

Characteristics Number of Patients
Total cases 84
Age, years 45-77 (average 60.9)
Sex
Male 72
Female 12
T classification
T1 24
T2 11
T3 49
N classification
No C 34
N1 23
N2 17
N3 10
M classification
Mo 65
M1 19 (SC lymph node)
Location
Upper 16
Middle 60
Lower 8
Adjuvant therapy
None 40
Chemotherapy 18
Radiotherapy 4
Chemoradiotherapy 22

SC = supraclavicular lymph node.

esophageal cancer cases, which have a decreased chance
of survival.

To evaluate the operative risk from SC LN dissection,
we analyzed postoperative morbidity by comparing the
SC LN dissected group with the nondissected group
(Table 6). Overall, 41.3% of the patients had RLN palsy
and 11.3% of the patients had anastomosis leakage,
which corresponds with a previous report from our
institution [20]. Among those patients, Table 6 also
shows that patients who underwent SC LN dissection
had more risk of RLN palsy and tracheostomy.

Comment

The LN dissection of esophageal cancer patients has long
been controversial. Because the frequency of metastasis
around the RLN has been well known in thoracic
esophageal cancer patients [1-4], there would be no
argument about dissecting these LNs. Moreover, because
there is no obvious borderline between the thoracic and
cervical RLN, we should dissect the LNs around the
cervical RLN as well. In the UICC seventh edition,
the cervical paraesophageal LN was defined as regional
LN. Because the RLN runs near the esophagus at the
cervix, dissection of the cervical paraesophageal LNs
should include the LN along these nerves naturally.
Moreover, disease-specific and overall 5-year survival
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Table 5. Evaluation of Cervical Lymph Node Recurrence
Among 84 Patients Who Underwent Supraclavicular Lymph
Node Dissection

Metastasis LIN/Cervical No

LN Recurrence Recurrence  Recurrence Total
No SC LN metastasis 62 (30) 3(3) 65 (33)
SC LN metastasis 16 (8) 3(3) 19 (11)
Total 78 (38) 6 (6) 84 (44)

The numbers in parentheses represent patients who received adjuvant
therapy.

LN = lymph node; SC = supraclavicular.

rates for patients who had metastasis at the RLN LN are
38.5% and 33.3%, respectively—eventually leading to the
necessity of the dissection of those LNs.

The issue is whether we need to dissect SC LN or
not. Although our data demonstrated that the SC LN
dissected group showed a high rate of RLN palsy and
tracheostomy, this LN is located at the posterior-lateral
side of the jugular vein so it should not increase
the risk of RLN injury anatomically. The explanation
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Fig 2. Kaplan-Meyer curves of 84 esophageal squamous cell carci-
noma patients who underwent supraclavicular (SC) lymph node (LN)
dissection. Comparison of (A) disease-specific survival and (B) overall
survival between pathologically SC LN metastasis negative group
(solid line) and positive group (dashed line). Five-year survival was
28.7% and 22.7%, respectively, in each positive case.
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Fig 3. Kaplan-Meyer curves of 220 patients with squamous cell
carcinoma of esophagus. Comparison of (A) disease-specific survival
and (B) overall survival between pathologically recurrent laryngeal
nerve (RLN) lymph node (LN) metastasis negative group (solid line)
and positive group (dashed line). Five-year survival was 38.5% and
33.3%, respectively, in each positive case.

of this result is that the SC LN dissected group had a
remarkable frequency of RLN LN metastasis, which
should naturally raise the risk of RLN paralysis and
tracheostomy by dissecting these LNs. Although the
thoracic duct and the phrenic nerve are located in
the area of SC LN dissection, we experienced only
1 case of chyle leakage and 5 cases of phrenic nerve
palsy in SC LN dissected patients; that was not statisti-
cally significant compared with non-SC LN dissected
patients.

In our study, among 19 patients who had SC LN
metastasis at the dissected LN, only 3 had recurrence at
the cervical LN, which means that this dissection can
control the local recurrence of cervical LN. Also from
Kaplan-Meier data of those 19 patients (Fig 2), their
survival is better than that of patients who had distant
metastasis, according to a previous study [6]. If the SC
LN is defined as nonregional LN and excluded from the
dissection area for any of these esophageal cancers, not
a few cases would lose their opportunity to limit their
cancers to the cervical LN and to increase their chances
for survival. Therefore, SC LN metastasis should not be
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Fig 4. Kaplan-Meyer curves of 147 patients who had no recurrent
laryngeal nerve (RLN) lymph node (LN) metastasis. Comparison of
(A) disease-specific survival and (B) overall survival between
supraclavicular (5C) LN dissected group (dashed line) and non-5C
LN dissected group (solid line).

treated as a distant metastasis. Adding the factor of
frequency of metastasis, SC LN must be considered as
regional LN with respect to upper esophageal cancer,
and to some extent, to advanced cases of middle and
lower esophageal cancer.

This SC LN dissection has a risk of being an unneces-
sary surgery because metastasis of the SC LN is less

TANIYAMA ET AL 1935
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frequent. With that in mind, what is necessary now is to
determine which patients will benefit from this LN
dissection. From our data, upper esophageal cancer cases
had 33.3% of SC LN metastasis. Although this percentage
is sufficient to justify performing this LN dissection for
every upper esophageal cancer patient, RLN LN status
would also provide more information about the necessity
of dissecting this LN, because every patient whose SC LN
metastasized also had metastasis in the RLN LN.
Although middle esophageal cancer cases had a lower
frequency of SC LN metastasis, RLN LN metastasis cases
tend to have SC LN metastasis as well. As tumor depth
increased, this frequency also increased and rose to
45.2% in T3 cases. Also among lower esophageal cancer
patients, there was a strong correlation between 5C LN
and RLN LN metastasis in T3 cases.

The SC LN dissection should be done bilaterally even
when the patient has only unilateral RLN LN metastasis.
Our data suggest that the stream of lymph duct does not
flow unilaterally. Especially metastasis of the right RLN
LN tends to go left to SC LN metastasis, rather than left to
right in lower esophageal cancer. This phenomenon is not
so surprising if we think about the anatomic lymph flow
of the thoracic duct. But because the number of left RLN
LN metastases was small, further study is needed.

Even though we demonstrated that the local control is
possible by SC LN dissection, as shown in Table 5, survival
data did not show any benefit for patients who underwent
SC LN dissection. We should notice, though, that this
group includes more of the advanced and the upper
esophageal cancer cases, as shown in Tables 1 and 4.
Previous studies indicated that SC LN dissection should
provide a better chance of survival [6-9]; however, none
of them is a prospective and randomized study, and that
is why this issue still remains controversial. To establish
a definite answer to this problem, a randomized study is
critical because the patient who undergoes SC LN
dissection tends to have advanced cancer and LN metas-
tasis. Ideally, randomized studies should be done among
the patients who have a high risk of SC LN metastasis,
meaning those who have RLN LN metastasis.

From our results, we propose that the dissection of SC
LN should be routinely performed in cases of upper
esophageal cancer and also in cases of middle and lower

Table 6. Frequency of Recurrent Laryngeal Nerve Lymph Node Metastasis and Postoperative Morbidity in the Supraclavicular
Lymph Node Dissected Group and the Non-Supraclavicular Lymph Node Dissected Group

Postoperative Morbidity SC LN Dissection (n = 84) Non-SC LN Dissection (n = 136) p Value?
RLN LN metastasis 38 (45.2%) 35 (25.7%) 0.003
RLN palsy 43 (51.2%) 48 (35.3%) 0.024
Phrenic nerve palsy 5 (5.9%) 2 {1.5%) 0.101
Anastomosis leakage 5 (6.0%) 20 (14.7%) 0.051
Chyle leakage 1(1.2%) 1(0.7%) 0.999
Tracheostomy 14 (16.6%) 9 {6.6%) 0.023
Operation-associated death 1(1.2%) 0 {0%) 0.382

* Fisher’s exact test.

LN = lymph node; RLN = recurrent laryngeal nerve;

SC = supraclavicular.
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Fig 5. Kaplan-Meyer curves of 73 patients who had recurrent
laryngeal nerve (RLN) lymph node (LN) metastasis. Comparison of
(A) disease-specific survival and (B) overall survival between
supraclavicular (SC) LN dissected group (dashed line) and non-SC
LN dissected group (solid line).

advanced esophageal cancer with metastasis of the RLN
LN. This SC LN dissection would provide better control
of cervical cancer recurrence. However, esophageal
cancer patients have different backgrounds such as age,
medical history, and other conditions. Therefore we do
not think that our suggestion should be the sole criterion
for performing SC LN dissection. Rather, these data
regarding rates of metastasis when combined with
considerations about the condition of the individual
patient should assist the surgeon in deciding whether to
perform SC LN dissection.

In conclusion, we demonstrated the frequency of SC
LN metastasis in each setting of esophageal squamous
cell carcinoma. The RLN LN status can be an indicator of
SC LN dissection in upper esophageal cancer patients
and advanced cases of middle and lower esophageal
cancer patients. Bilateral SC LN dissection should be
recommended even though there is only unilateral RLN
LN metastasis. The SC LN dissection contributed to better
local control among the patients who had SC LN metas-
tasis. However, further study is needed to determine the

Ann Thorac Surg
2013;95:1930-7

actual benefit of SC LN dissection and to resclve this
issue definitively.
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treatment response to pegylated interferon o (Peg-IFN-0/ribavi-
rin (RBV) therapy and is complementary to interleukin 28B (/7-
28B) 151297860 C/T polymorphism in enhancing the correct
prediction of the SVR in CH-C [4]. Another group reported that,
in patients with genotype 1 HCV persistent infection, the 25(OH)
vitamin D scrum levels and IL28B polymorphism were indepen-

Introduction

Hepatitis G Virus (HCV) is a non-cytopathic virus that causes
chronic inflammation, fibrosis and hepatocellular carcinoma
(HCC) [1]. Recently, it has been reported that vitamin D3
supplementation could improve the SVR in chronic hepatits C

(CH-C) patients [2,3]. Moreover, the amount of 253-hydoxyvita-
min D3 (25(OH) vitamin D3) in the serum could affect the

PLOS ONE | www.plosone.org

dently associated with the likelihood of achieving a rapid viral
response and SVR. after treatment with Peg-IFN/RBV  [5].

May 2013 | Volume 8 | Issue 5 | 63672
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Although several kinds of mechanisms for the favorable effects of
vitamin D3 supplementation were reported, the total effect of
vitamin D3 supplementation remains unclear [6,7]. One group
veported that 25(0OH) vitamin D3, but not vitamin D3 or 1, 25
dihydoxyvitamin D3 (1, 25(OH), vitamin D3), appeared to inhibit
the viral life cycle at the level of infections HCV assembly [7].
Another group reported that vitamin D3 or 1,25(OH), vitamin D3
and IFN-a could synergistically inhibit HCV production by
enhancing the TFN signaling pathway [6]. However, the effect of
vitamin D3 on the adaptive immune system in CH-C patients has
not been reported yet.

It has been reported that vitamin D3, as synthesized in the skin
by photolysis from 7-dehydrocholesterol or ingested with food, is
transported in the blood to the liver where it is hydoxylated at the
C-25-position [8]. Then, it is hydoxylated at the C-la-position to
form the active metabolite 1,25 (OH), vitamin D3 in the kidney
[9,10]. In this study, we selected 1{OH) vitamin D3, since the local
concentration in the liver should be higher than other metabolites
of vitamin D3. Morcover, 1 (OH) vitamin D3 is safe and
commonly used in worldwide. 1,25 {OH), vitamin D3 is known to
regulate calcium and phosphorus metabolism in skeletal homeo-
stasis [11]. Tt has been reported that 1,25(0OH), vitamin D3 plays
an important vole as an immune-modulator targeting various
immunec cells [12-13]. Various kinds of immune cells express not
only vitamin D receptors (VDRs) but also vitamin D-activating
enzymes, allowing local conversion of inactive vitamin D into 1,25
(OH)y vitamin D3 within the immune system [16,17]. The active
metabolite],25(0OHj, vitamin D3 could enhance the anti-myco-
hacterial activity in monocytes by enhancing the chemotactic and

VitD3 Improve the Immune Response in CHC

phagocytic capacity of macrophages [18]. Moreover, 1,25(OH)
vitamin D3 might play an important role in the binding and
capturing of antigens by dendridic cells (DCs) at the initiation of
the immune response [19]. On the other hand, some groups
reported that 1, 25(OH), vitamin D3 could inhibit the differen-
tiation and maturation of DCs {19,20]. In addidon to monocyte-
derived cells, CD3* T cells, CD19" B cells, natural killer cells (NK
cellsy could be directly and/or indirectly affected by 1, 23(OH)q
vitamin D3{12,17,21-24]. Tt has been reported that 1, 25{OH),
vitamin D3 could contribute to the suppression of the immune
response in awtoimmune discases [14,13,25]. More Recently, the
expression of specific VDRs in liver cells and reduced expression
of VDRs in CH-C patients have been reported [26]. In addition,
an inverse relationship between the liver VDR expression and
inflammation severity has been found [26]. However, the effects of
1, 25(0OH}), vitamin D3 for the adaptive immune system in the
condition of CH-C patients and during treatment with peg-
interferon o and ribavivin (Peg-IFN/RBV) are stll unclear.
Therefore, it is urgent to analyze the effect of 1, 25(OH}y vitamin
D3 on the adaptive immune responses that could contribute to the
outcome of Peg-IFN/RBV therapy.

Materials and Methods

Study Design and Patients

Muld-centers that belong to the Tohoku-liver-study-group
(TLG) were involved in this study. Dr. Abu-Mouch et al. reported
that the SVR rate of Peg-IFN/RBV plus Vitamin I weatment
group was 86% in the AASLD 2009 annual meeting [27]. On the

Multi-Centers Multi-Centers
genotype 1b CH.C genotype 1b CH.C
= 46 subjects were enrolied 42 Case Match Control
g subjects were enrolled.
s
5
] 1 patient was dropped out
18 subjects were 27 subjects were 42 subjects were
" treated with 4 weeks~ treated with 1 treated with Peg-
5 pre-treatment of 1{OH} {OH) vitamin IFN/RBV
£ vitamin D3{1pg/day) D3(1uglday)/Peg-
2 before the start of IFN/RBY
‘H{OH]) vitamin D3{1ug/
day}PegIFN/RBV
o thegapy
- 3 pationts were
dropped out by
big earth quake.
7% Collection of PBMC and Collection of Plasma Collection of
Z Plasma {0 week, 4 week, 12 week, PBMC and
{4 weok, 0 woek, 4 week, 12 waek, 24 week) Plasma
24 wesk) -4 wook, 0 wook, 4 waek,
12 wavk, 24 week}
{N=18} {N=24) {N=42}

Figure 1. Enroliment of CH-C patients. 46 patients with genotype 1b and high viral loads were enrolled in this study. In total, 4 patients were

dropped from this study.
doi:10.1371/journal.pone.0063672.9001
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Figure 2. Comparison of viral dynamics and treatment response. Viral dynamics of subjects with IL28B T/T major homo polymorphism are
shown (A). Viral dynamics of subjects with IL28B T/G or G/G minor polymorphism are shown (B). Blue lines indicate viral dynamics of subjects treated
with 1{OH) Vitamin D3/Peg-IFN/RBV. Dotted lines indicate viral dynamics of subjects treated with Peg-IFN/RBV. *p<0.05 **p<0.01 The rates of early
virological response in the patients treated with 1{OH) vitamin D3/Peg-IFN/RBY and Peg-IFN/RBY are shown (Q).

doi:10.1371/journal.pone.0063672.g002

other hand, the SVR rate of Peg-TFN/RBV treatment group was
42%. Considering the uncertainty, we speculated that the EVR
rate might be 90% of the EVR rate in the Peg-TFN/RBV plus
Vitamin D treatment group because the reported EVR rate in this
study was remarkably high. Based on the results of this study, we
enrolled about 80 patients including control padents: there was
10% loss in the proportion of patients during the 48 wecks therapy
(= 0.03, statistical power 90%) (EVR rate 77% vs 42%). The alfa
level was two-sided, Forty-six CTH-C (Genotype 1b) patients were
enrolled in this study (Fig. 1). Forty-two matched historical
controls treated with Peg-IFN-o/RBV therapy were analyzed.
The inclusion criteria were as follows: age between 20 and 75
years, high viral load (>5.0 log copies/mL) by real time PCR
analysis of FICV-RNA, absolute white blood cell count >2,000/

PLOS ONE | www.plosone.org

ml, neutrophil count >1,000/ml, platclet count >90,000/ml, and
hemoglobin concentradon >11 g/dL in laboratory tests. The
exclusion criteria were as follows: other liver discases, including
autoimmune hepatitis and alcoholic hepatitis, decompensated liver
cirrhosis, liver failure, severe renal disorders, abnormal thyroid
fumction, poorly controlled diabetes, poorly controlled hyperten-
sion, medication with immune-modulators, interstitial pneumonia
and severe depression. Permission for the study was obtained from
the Ethics Committec at Tohoku University Graduate School of
Medicine (permission no. 2010-114) (UMIN000003694). The date
of the protocol fixation was 10" June 2010. The anticipated trial
start date was 11" June 2010, Paticnts in the 1(OH) vitamin D3/
Peg-IFN/RBV group were treated from June 2010 to June 2012,
Patients in the Peg-IFN/RBV group were treated from March

May 2013 | Volume 8 | Issue S | e63672
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2009 to June 2012, Liver biopsy samples of the historical control
were  from  previous  studies  (Permission no. 2009-166)
(UMIN000002326), (Permission no. 2009-209), and (Permission
no. 2010-404). Written informed consent of the control subjects
treated with Peg-IFN/RBV  trcatment was  obtained in the
previous study and in the present study (Permission no. 2009-
166} (UMIN000002326), (Permission no. 2009-209), and (Permis-
ston no, 2010-404). Written informed consent was obtained from
all the participants enrolled in the 1{OH) vitamin D3/Peg-1IFN/
RBV treatment group. Participants were monitored for a year. At
cach assessment, patients were evaluated by hematological test,
biochemical laboratory tests, immunological test and virological
tests. Liver histology was analyzed at the start of Peg-TFN/RBV
therapy using the METAVIR score.

Detection of IL-28B Polymorphism

Genomic DNA was isolated from peripheral blood mononu-
clear cells (PBMCs) using an automated DNA isolation kit. Then,
the polymorphism of IL28B (rs8099917) was analyzed using real-
time polymerase chain rcaction (PCR}) {TagMan SNP Genotyping
Assay, Applied Biosystems, CA, USA). Detection of the 71.28B
polymorphism was approved by the Ethics Committee at "Tohoku
University Graduated School of Medicine {permission no. 2010-
323}

Isolation of Peripheral Blood Mononuclear Cells (PBMCs),
CD4" Cells and Cell Culture

PBMCs were isolated from fresh heparinized blood by means of
Ficoll-Hypaque density gradient centrifugation (Amersham Bio-
science, Uppsala, Sweden), Primary CD4” cells were isolated using

Table 1. Clinical characteristics of subjects enrclled in this study.

VitD3 Improve the immune Response in CHC

magnetic beads (Dynal). PBMCs were used to analyze the effect of
the metabolite of o-calcidol(H{OH) vitamin D3) without direct cell
to cell contact in an Huh-7 cells-transwell system. PBMCs and
Huh-7 cells were cultured with serum-free complete medium that
were previously made by our group [28]. A thousand times higher
amount of 1{OH) vitamin D3 was used to analyzc the effect of 1,23
{OH), vitamin D3, which comes from the lower part of chamber,
since the Huh-7 cells have several enzymes that could convert
HOH) vitamin D3 to 1,25 (OH)y vitamin D3. The supernatant
was harvested at 48 hours after the addition of 1{OH) vitamin D3
or 1,25 (OH), vitamin D3.

Flow Cytometry Analysis

PBMCs were stained with CD3-pacific-hlue, CD4-PE/Cy7,
CD25-PE, CDI27-APC, CD183 ({CXCR3-APC/Cy7, CD195
(CCRBYFITC, Viaplobe and isotype conwol antibodies (BD
pharmingen, San Jose, CA, USA) for 15 min on ice to analyze
the frequency of CD3+CD4+HCXCR3+CCRS+ cells {Thi) and
CD3+CD4HCD25+CD127— {Tregs) by FACSCanto-1I (BD}. The
FCS files 3.0 were analyzed by Flowjo 7.60 software.

Multiplex Beads Suspension Array

The culture supernatant of PBMCs treated with the active
vitamin D3 metabolite (1,25 (OH)y vitamin D3) and the plasma
obtained from CH-C patients treated with or without alfa-calcidol
{(H{OH] vitamin D3) were sequentially analyzed by suspension
beads array (BIO-RAD Laboratories, Tokyo, Japan). Suspension
beads array was performed following the- manufacturer’s instruc-
tion. Bricfly, the supernatant was incubated with first-antibody
binding magnetic beads. Then, the detection antibody and PE

PEG-IFNu/RBV

Age 58.3(35-72)

History of IFN(+/—) 13/29 13/29

All OW

Sampling Point (week) ow

WBC

PLT

Hb 13.8(11.8-15.9)

Insulin 9.4(6.8-20.2)

TG 108.5(55.6-210)

PEG-IFN«/RBV+VD3

59.1(29-71)

5165(2400-9300)

13.6(12-16.3)

9.5(1.6-25.5)

106.4(37-427)

PEG-IFN«/RBV+VD3

(n=18} (n=24)

58.6(29-71) 58.5(43-71)

7/11 6/18

—4W ow

47.9(22-108) 78(16-242)

5055(3100~9300} 5530(2400-8130)

13.7(12-15.2)

9(4.76-20.8) 9.6(1.6-25.5)

118.9{37-259) 103.2(51-427)

{mg/dl), TG {mg/dl).
doi:10.1371/journal. pone.0063672.t001
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HCV-RNA(log copies/ml), ALT(U/), AST(U/D), WBC(counts/ul), RBC(x10°counts/ul), PLT(x1 0“counts/pl), Neut(counts/pl), Hb (g/dl), Serum Ca {mg/dl), Insulin (uU/mil), T-cho
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Figure 3. Comparison of hematological and biochemical analysis between before and after 4-week 1(OH) vitamin D3 treatment.
Representative hematological, biochemical and virological data are shown. WBC indicates white blood cell count, ALT indicates alanine transaminase.
HCV-RNA indicates titer of hepatits C virus RNA. PLT indicates platelet count. y-GTP indicates gamma-glutamyl traspeptidase. T-cho indicates total
cholesterol. The data at pre- and post-4weeks administration of 1(OH) vitamin D3 without Peg-IFN/RBV are shown. Black lines indicate the average of
each analysis.

doi:10.1371/journal.pone.0063672.g003

comjugated  streptavidin were reacted after the appropriate
washing steps. Finally, the reaction plates were analyzed by Bio-
plex 200 system.

PLOS ONE | www.plosone.org

Real-time Polymerase Chain Reaction

RNA was isolated using a Qiagen RNcasy mini kit {Va 'ﬂmma
CA) and the yields were determined by absorption spectroscopy
using a Nano-Drop (NanoDrop Products, Wilmington, DE). After
the extraction of total RNA and the reverse transcription (RT)
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Figure 4. Cytokine profiles in the ex vivo and in vitro samples
treated with vitamin D3. Sequential data of quantification of 3
cytokines (IFN-y, IP-10 and RANTES) during 1(OH) vitamin D3 pre-
treatment (pre vs Ow), 1(OH) vitamin D3/Peg-IFN/RBV therapy are
shown (A). Dotted lines indicate the data of each subject. Black lines
indicate the averaged data. Error bars indicate standard deviation. The
data from IL28B (T/T} subjects or {L28B (T/G or G/G) subjects are shown
in the independent graphs (A). Comparisons of the amounts of 3
cytokines {IFN-v, IP-10 and RANTES) between the 1(OH) vitamin D3/
PEG-IFN/RBV group (VitD3+standard of care (SOC)) and Peg-IFN/RBV
group (SOC) at 0 weeks and 12 weeks after the start of Peg-IFN/RBV
treatment are shown (B). Analysis of the changes in the amounts of the
3 cytokines (IFNy, IP-10 and RANTES) during 12 weeks treatment of Peg-
IFN/RBV is shown. Schema of in vitro-analysis of co-culture is shown (B).
alfa-calcidol: 1{OH)vitamin D3 and calcitriol: 1,25(0H)vitamin D3 were
used to analyze the cytokine production in vitro. Black bars indicate the
data from samples treated with alfa-calcidol. Gray bars indicate the data
from samples treated with calcitriol. *p<0.05.
doi:10.1371/journal.pone.0063672.g004

procedure, real-time polymerase chain reaction (PCR) using a
TagMan Chemistry System was carried out. The ready-made set
of primers and probe for the amplification of IEN-y, T-bet, Mx1
(ID  Hs00895608), IFI44 (D Hs00197427), IFITL (D
Hs01911452) and  glyceraldehyde  3-phsphate-dehydrogenase
(GAPDH) were purchased from Perkin-Elmer Applied Biosystems
(Carlsbad, CA, USA). The relatve amount of target mRNA was
obtained by using the comparadve threshold (CT) cycle method.

The Quantification of ISGs mRNA in Hepatocyte Cell
Culture

Huh-7 cells were treated with ethanol (conwol), 1(OH) vitamin
D3 (1.0 pM) or 1,25(0OH)2 vitamin D3 (1.0 uM) after transfection
of poly IC (Sigima-Aldrich, St. Louis, MO} or in vitro transcribed
JEFH-1 full-length RNA. Cells were harvested 30 hour after
transfection, and the expression levels of Mx, 1FI44 and IFIT1
mRNA were assessed by real-ume PCR using TagMan Gene
Expression Master Mix {Applied Biosystems, Carlsbad, CA) and
gene-specific primer and probe sets (TagMan Gene Expression
Assay; Applied Biosystems) in accordance with the manufacturer’s
instructions. The expression levels of genes with or without
vitamin D3 wreatment were expressed by the log fold increase of
untreated Huh-7 cells.

Statistical Analysis

The data in Fig. 2A and B were analyzed using a generalized
linear mixed model (Treatment group of H{OH] vitamin D3/Peg-
IFN/RBV and Peg-IFN/RBV were fixed-cffect. Duration of
treatment was random-cffect.) and Student’s # test. The data in
Fig. 2C were analyzed by % test. The data in Fig. 3, Fig. 4A and
Fig. 5B were analyzed by paired ¢ test. The data in Fig. 4C were
analyzed by Dunnett’s test. The data in Fig. 5C were analyzed by
Tukey’s test. The data in Fig. 4B, Fig. 5D and Fig. 6 were analyzed
by Student’s ¢ test. The cut-off of acceptance of test’s results was
$#<<0.05 with a confidence interval of 95%. All statstical analyses
were carried out using JMP Pro version 10 (SAS Institute Inc.,
Cary, NC, USA).

Results

Efficacy and Tolerability of 1(OH) Vitamin D3 Combined
with Peg-IFN/RBV Therapy

The characteristics of 42 patients treated with 1{OH) vitamin
D3 (1 pg/day)/Peg-IFN/RBV therapy are shown in Table 1. The
subjects enrolled in this study were 29 to 71 years old. 13 padents
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Figure 5. Comparison of Th1 and Tregs between 1{OH} vitamin
D3/Peg-IFN/RBV and Peg-IFN/RBV. Representative dot plots of
CD3YCD4ATCD25*IL7R™ (Tregs) and CD3*CD4*CXCR3*CCRS™ (Thi cells)
are shown. (A} Frequencies of Th1 and Tregs among the 4 groups (IL.28B
T/T vitamin D3/Peg-IFN/RBV, I1L28B T/G or G/G vitamin D3/Peg-IFN/RBV,
1L28B T/T Peg-IFN/RBV, and IL28B T/G or G/G Peg-IFN/RBV) are shown,
(B} Comparison of the T-bet and IFN-y mRNA expression between
subjects treated with vitamin D3/Peg-IFN/RBV therapy and those
treated with Peg-IFN/RBV therapy. Each group included 5 patients.
Total mRNA was extracted from isolated CD4™ T cells. The relative
expression levels are shown in bar graphs. The statistical analysis was
carried out by independent student t-test.
doi:10.1371/journal.pone.0063672.g005

were previously treated with IFN-based therapy and failed to
achicve SVR. Another 29 patients were treatment naive. Case
match control subjects treated with Peg-TFIN/RBV therapy were
enrolled in this study (Fig. 1) (Table 1. All of the enrolled patients
had over 3 log copies/ml HCV-RNA and genotype ib HCV
RNA. Thirteen patients had the hetero/minor IL28B allele (T/G)
(rs8099917) that was reported to be a marker of patients difficult-
to-treat with Peg-IFN/RBV therapy [29]. Twenty-uine patients
had the major homo IL28B allele (T/T) that was reported to be
favorable for achieving SVR [29]. Therefore, we compared the
viral dynamics between subjects treated with the {OH) vitamin
D3/Peg-TFN/RBV and subjects receiving the Peg-IFN/RBV with
the same IL28B polymorphism (Fig. 2A and B). The dters of
HCV-RNA in the IL28B (T/1)-HCV patents weated with 1{OH)
vitamin D3/Peg-TFN/RBV therapy were significantly lower than
those treated with Peg-TFN/RBV at 4 weeks after the start of Peg-
TFN/RBV therapy (p<0.01). The rate of carly virological response
in the 72288 (T/T) paticnts treated with 1{OH) vitamin D3/Peg-
IFN/RBV was significantly higher than that in those treated with
Peg-IFN/RBV alone (Fig. 2C). None of the patents showed side
effects from {OH) vitamin D3 administration such as hypercal-
cemia or renal dysfuncion, etc. The rate of the sustained
virological response (SVR) in the overall patients weated with
1{OH) vitamin D3/Peg-IFN/RBV was 59.45% (45.24% in the
overall patients treated with Peg-IFN/RBV) {p = 0.2059) The raic
of SVR in the IL28B (I'/T) patdents treated with 1{OH) vitamin
D3/Peg-IFN/RBV was 73.07% (55.17% in IL28B {T/T) patients
treated with Peg-IFN/RBV) {p = 0.1657). However, this study was
conducted to analyze the immunological response during the early
phase of Peg-IFN/RBV. The sample size might not be large
enough to analyze the SVR rate.

Biological Effect of 1(OH) Vitamin D3 Treatment during
Peg-IFN/RBV Therapy

The biochemical and hematological analysis was carried out at 4
weeks before the start of Peg-IFN/RBY therapy and at the start of
Peg-TEN/RBV therapy. Of those data, only the absolute counts of
white blood cells were significantly decreased after 4 weeks-1(OH)
vitamin D3-treatment (p<0.05) Fig. 3). The dters of HCV-RNA
were not significantly changed after the 4-week administration of
(OH) vitamin D3 without Peg-TFN/RBV therapy. Therelore, we
examined the immunological effects of 1{OH) vitamin D3. At first, we
quantitated 10 cytokines (IL. 4, I1. 6, 11,10, 1112, IL17, IFN-y, IP-10,
MCP-1, RANTES, TNF-4) in the peripheral blood samples during
1(OH) vitamin D3/Peg-TFN/RBV therapy using multiple beads
suspension array (Fig. 4A and Fig. S1). Among the JL28B T/T
polymorphism patients, the amounts of IL4, IP-10 and MCP1 in the
pexipheral blood serum were significantly reduced after 4-week-
H{OH)vitamin D3-treatment. On the other hand, the amounts of IL6,
RANTES and TNF-¢ in the seruin were significandy mcreased after
4-week L{OHnitamin D3 treatment. In the IL28B T/G or G/G
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Figure 6. The effect of vitamin D3 on the expression of ISGs mRNA in the liver. The relative amount of target mRNA was obtained by using
a comparative threshold cycle (CT) method. The expression levels of Mx, IFi44 or IFIT1 mRNA in an /L28B T/T patient treated without 1{OH) vitamin D3
are represented as 1.0 and the relative amounts of target mRNA in the other patients were calculated by the comparative Ct method [42]. Therefore,
the standard amount of 3 ISGs (Mx, IFI44 and IFIT1) is 3. The relative amounts of the 3 kinds of ISGs were added and shown in the graph (A). Black
circles indicate the data from IL28B (T/T} subjects treated without 1(OH) vitamin D3. White boxes indicate the data from I1L28B (T/T) subjects treated
with 1(OH) vitamin D3. Black triangles indicate the data from 1L288 (T/G or G/G) subjects treated without 1(OH) vitamin D3. Black lines indicate the
data from the subjects treated with 1{OH) vitamin D3 (A). The effect of vitamin D3 on the expression of ISGs mRNA in the hepatocyte cell culture are
shown (B). Huh-7 cells were treated with ethanol (control), 1(OH} vitamin D3 (1.0 pM) or 1,25(0H), vitamin D3 (1.0 pM) after transfection of poly IC
(Sigma-Aldrich, St. Louis, MO} or in vitro transcribed JFH-1 full-length RNA. Cells were harvested 30 h after transfection, and the expression levels of
Mx, [Fl44 and IFIT1 mRNA were assessed by real-time PCR using TagMan Gene Expression Master Mix (Applied Biosystems, Carlsbad, CA) and gene-
specific primer and probe sets (TagMan Gene Expression Assay; Applied Biosystems) in accordance with the manufacturer's instructions. The
expression levels of genes with or without vitamin D3 treatment were expressed by log fold increase of untreated Huh-7 cells.
doi:10.1371/journal.pone.0063672.9g006
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