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• Biotin (B7) เป็ น cofactor ของเอนไซม์ 5 ชนิด
ถ่ายโอน CO2 (คาร์บอเนตอิสระ) ไปยัง
substrate
• Pantothenic acid (B5) เปนองคประกอบของ
เป็ นองค์ประกอบของ
cofactors 2 ชนิดคือ CoA และ Acyl Carrier
Protein ของ fatty acid synthase

• Biotin เป็ นวิตามินละลายนํ้ าได ้ อยูใ่ นกลุม
่
วิตามิน B รวม ค ้นพบโดยบังเอิญเมือ
่ ปี 1927
Boas สังเกตว่าหนูทไี่ ด ้รับไข่ขาวแห ้งเกิดโรค
ผิวหนัง scaly dermatitis ขนร่วงและมีอาการ
ผิดปกติของระบบประสาท
• ไข่ขาวมีไกลโคโปรตีน avidin ทีจ
่ ับกับ biotin
• Mammals ไม่สามารถสังเคราะห์ biotin ได ้
ต ้องได ้จากอาหารทีส
่ งั เคราะห์โดยจุลน
ิ ทรียแ
์ ละ
พืช

Vitamin C
• Ascorbate และ Ascorbic acid
• เกีย
่ วข ้องกับปฏิกริ ย
ิ ามากมายทัง้ enzymatic
และ nonenzymatic
่ hydroxylation
• เช่น
h d
l ti ในกระบวนการสั
ใ
งั เคราะห์์
collagen
• ป้ องกันเซลล์จาก ROS
• ใช ้รักษาโรคมะเร็ง ?
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• วิตามินซี สังเคราะห์ได ้ในพืชทุกชนิด พบมากใน
ผลไม ้และผัก
• การปรุงอาหารทําให ้สูญเสียวิตามินซี
• ใชวตามนซเตมลงในผลตภณฑอาหารเพอ
ใช ้วิตามินซีเติมลงในผลิตภัณฑ์อาหารเพือ
่
รักษาความสดและยืดอายุการเก็บรักษา
• L-ascorbic acid สังเคราะห์ได ้ ราคาไม่แพง
• วิตามินซีมผ
ี ลเล็กน ้อยในการป้ องกันโรคไข ้หวัด
(common cold) แต่อาจจะช่วยลดความรุนแรง
้ ลง
ของโรคและระยะเวลาสัน

Fat-soluble vitamins
• วิตามิน K มาจากคําว่า koagulation
(ภาษาเยอรมัน)
• ในอาหาร พบมากจากพืชในรูป phylloquinone
(K1)
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Abstract
About 2500 years ago, gout was observed by Hippocrates and many people suffered severe pain and deformity.
Lifestyle and diet play a significant role in gout and serum uric acid levels. Epidemiological and research studies
have supported this evidence. Many recommendations and guidelines from different parts of the world mention
the impact of diet on gout. Recently, new research has shown associations between vitamin C, alcohol, coffee,
tea, milk and yogurt with uric acid and the risk of gout. Our review summarizes recently published research
regarding dietary impact on the risk of gout and serum uric acid levels.
Key words: Gout, uric acid, diet.

INTRODUCTION

VITAMIN C

Gout is an inflammatory arthritis and is associated
with high serum uric acid (SUA).1,2 It is relatively common in late middle-aged men3,4 and women,5,6 with
increased rates in menopausal women.4,7–9 In the USA,
the incidence of gout is 8.4 per 10 000 persons/year.10
Many factors contribute to gout risk, such as high
SUA,1 ethnicity,11–13 underling disease,14–17 age,18
greater body mass index,19 and so on. Many studies
based on the Third National Health and Nutrition
Examination Survey (NHANES-III) suggest that dietary
consumption affects SUA levels which is parallel to the
increase in the risk of gout.20 The relationship between
diet, drinking and gout was found a long time
ago.14,21–23 In this review, we will update the recent
data of the association between vitamin C (VC), alcohol, tea, coffee, milk and yogurt with SUA and gout
risk as shown in Table 1.

A recent cross-sectional study in Korea showed that the
intake of VC is lower in subjects with hyperuricemia
when compared with control groups.24 The effects of
VC on SUA and the uricosuric effect are evaluated in
many studies.25–32 One randomized controlled trial
showed that SUA levels were significantly reduced with
supplementation of 500 mg/day of VC for 2 months,
and VC is beneficial in the prevention and management
of gout.30 In 2011, a meta-analysis of randomized controlled trials, concluded that the median dose of VC
supplementation (500 mg/day) significantly lowered
SUA.31 In contrast, Stamp et al.29 studied the effect of
supplemental VC on SUA in patients with gout. This
study was a pilot randomized controlled trial: 40
patients with gout and a SUA level of more than 6 mg/
dL were included. This research did not observe any significant effect of VC when compared to allopurinol on
the reduction of SUA, and the uricosuric effect was
small in patients with gout, regardless of whether VC
was administered alone or in combination with allopurinol. Reasonses for this result include: the uricosuric
effect of VC is weak, the dose of VC was small, and
there might be interactions with other medications (in
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Diet

Serum uric acid
Change

Vitamin C
Coffee
Tea
Alcohol
Beer†
Liquor/spirits†
Wine†
Sake
Shochu
Milk
Yogurt

Condition

↓
↓
–

500 mg/day
≥ 4 cups/day5,6
Any drinks6

↑
↑
↓
↑
↑
↓
↓

≥ 0.01 serving/day9
≥ 0.1 serving/day9
< 1 serving/day9
≥ 20 drinks/week‡,10
Any drinks10
≥ 1 serving/day12
≥ 0.5 serving/day¶,12

3

Risk of gout
Change
↓
↓
–
↑
↑
–
No study
No study
↓
↓

Condition
> 500 mg/day4
≥ 4 cups/day7,8
Any drinks7,8

Table 1 Recent data of the association
between vitamin C, alcohol, tea, coffee,
milk and yogurt with serum uric acid
and the risk of gout

≥ 2 servings/week11
≥ 1 servings/month11
Any drinks11

≥ 2–4 glass/week§,13
≥ 2 cups/week††,13

†Increased risk of gout attack; ‡1 drink is 11.5 g of ethanol for sake; §skim milk or low fat
milk; ¶or ≥ once every other day; ††adjusted for age-adjusted relative risk. ↑, increase; ↓,
decrease; –, no change.

particular, aspirin and diuretics). This paper does not
support VC supplementation as a urate-lowering therapy in gout patients. Many studies suggested mechanisms of VC for reduced SUA. First, at the renal urate
transporter URAT1 and a sodium-dependent anion
co-transporter SLC5A8/A12, VC has a uricosuric
effect.31,33–35 Second, it increases renal fractional clearance of uric acid.25 Finally, VC decreases free radicalinduced damage to body cells, thereby reducing
SUA.32,36
The relationship between VC and incidence of gout
was assessed by one prospective study in 2009.33 This
study concluded that the incidence of gout decreased
with increasing VC intake with up to a 45% lower risk
at the top VC intake category of 1500 mg or more. So,
higher VC intake is independently associated with a
lower risk of gout, and supplemental VC intake may be
beneficial in the prevention of gout.33
Although much of the research has studied the relationship between VC and SUA, no research has evaluated the role of VC in gout flare. Some authors are
aware that taking large amounts of VC may trigger gout
flare because of changes in SUA.25

COFFEE
Coffee is the most widely consumed beverage in the
world. In the US, the relationship between coffee and
the incidence of gout in men and women was shown
in two cohort prospective studies.37,38 The risk of gout
in men whose intake of coffee was 4–5 cups/day and
≥ 6 cups/day was 40% and 59% lower, respectively,
when compared with no coffee consumption. The
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association between total caffeine intake and risk of
gout was not significant.38 The risk of gout was 22%
and 57% lower in women whose intake was 1–3 cups/
day and ≥ 4 cups/day, respectively, compared with no
coffee consumption, but, in contrast to men, there was
a significantly inverse association between total caffeine intake and risk of gout.37 So, long-term coffee
consumption is associated with a lower risk of gout
incident,34,37,38 and components other than caffeine
may inversely affect the association between coffee and
gout.37,38
Moreover, coffee has not been found to affect SUA.
In 1999, the first study of the relationship between coffee consumption and SUA concentration was published.39 This study concluded that coffee drinking may
be associated with lower concentrations of SUA. Based
on 14 758 participants ages > 20 years in NHANES-III
(1988–1994), Choi and Curhan40 evaluated the relationship between coffee, tea and caffeine intake, and
SUA levels. These findings suggest that coffee consumption is associated with lower SUA levels. Also, this study
suggested that the inverse association with coffee
appears to be due to factors other than caffeine.
Another study in Japan showed inverse associations
between coffee consumption and both SUA levels and
hyperuricemia in men, but not in women, regardless of
adjustment for the covariates. After allowance for confounding factors, women showed a statistically significant inverse association between coffee and SUA
levels.41 A study in Asia showed that coffee consumption (≥ 4 cups/day) is associated with lower SUA levels.42 Several mechanisms have suggested that coffee
consumption may affect the risk of gout and
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SUA.20,34,39–41,43,44 From the review study, we have
concluded that coffee consumption (≥ 4 cups/day) has
urate-lowering properties and reduces the risk of gout.
There has been no research study between coffee and
gout flare.
Because coffee intake is one of the independent risk
factors for chronic kidney disease45 and is associated
with increased risk of fractures in women,46 drinking
coffee for lowering the risk of gout should be considered carefully.

TEA
Tea is a leaf of Camellia sinensis. There are many types of
tea. It can be divided into six major types of reprocessed
basic tea leaf depending on fermentation, such as green
tea, blue tea, black tea, yellow tea, white tea and dark
tea.47
In tea, phenolic compounds (mainly tea catechins)
are the main chemical components.48 Five tea catechins can inhibit the liver enzyme xanthine oxidase.49
In contrast to coffee, the relationship between nonspecific types of tea and SUA and risk of gout is negative
for both men and women.37,38,40 For green tea, a
recent study has shown that daily drinkers of green
tea exhibited a dose-dependent and statistically significant four-fold increase with hyperuricemia,42 but an
earlier study has shown that green tea drinking did
not show a statistically significant trend with SUA.39
During fermentation of black tea, the oxidized derivatives of black tea catechins, theaflavin and thearubigins are formed.50 Theaflavins can inhibit the activity
of xanthine oxidase.50,51 The relation between black
tea and SUA was shown in 2010 by Bahorun et al.52
This data showed that black tea intake significantly
decreased SUA by 9.4% and 7.1% in male and female
groups with highest baseline values, respectively.52 In
contrast, with recent data published in 2013, Teng
et al.42 showed that there was no significant association between consumption of black tea and SUA levels. In our opinion, differences in baseline SUA levels
between the studies may be a cause of the conflicting
results. There has been no research investigating the
impact of tea on gout flare.
As mentioned above, there are many types of tea.
Some studies do not classify the type of tea, and a few
studies only showed the relationship between green tea
or black tea and SUA. Different types of tea may give
different results, other specific types of tea need to be
evaluated in the future. There is conflicting data with
black tea and SUA.
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ALCOHOL
Alcohol has been recognized as a potential risk factor
for increased SUA and gout flare. An association
between increased alcohol intake and hyperuricemia
and risk of gout has been shown in many studies.53–57
In 2013, a meta-analysis with 42 924 participants
assessed the relative risks (RRs) and dose response of
gout risk to alcohol consumption. The RRs for light
(≤ 1 drink/day), moderate (> 1 to < 3 drinks/day) and
heavy drinking (≥ 3 drinks/day) versus no or occasional
alcohol drinking were 1.16 (95% confident interval
[CI], 1.07–1.25), 1.58 (95% CI, 1.50–1.66) and 2.64
(95% CI, 2.26–3.09), respectively. The results suggest
that alcohol consumption is associated with increased
risk of gout.58

Beer, liquor/spirits
Beer has a high content of purine guanosine, which can
increase uric acid production.21 In 2004, the relationship between intakes of beer, liquor and wine, and SUA
levels was evaluated.54 The results showed that SUA
levels increased with beer or liquor intake, and the
authors concluded that the effect of individual alcoholic beverages on SUA levels varies substantially: beer
confers a larger increase than liquor, and increase in
SUA with beer intake was more pronounced for women
than for men. Yu et al.59 also demonstrated that beer
intake is independently associated with increased risk
of hyperuricemia in men. In 2010, Gaffo et al.55
showed that, compared with non-drinkers, significant
associations between higher SUA concentrations and
greater beer intake were observed among men and
women. However, in men there were only significant
findings in the higher category of intake at a median of
12 servings/week (one serving of beer is equal to a 12
ounce bottle, approximately 355 mL). An association
between greater liquor intake and higher SUA concentrations was only found in men in the last year of the
study.
In their study, Choi et al.53 used questionnaires to
investigate the relationship between alcohol consumption (including beer and spirits) and risk of gout incident in 47 150 male participants with no history of
baseline gout. Beer consumption showed the strongest
independent association with the risk of gout, and the
multivariate RR increased with servings of beer per week
and per day. Consumption of spirits was also significantly associated with gout. They concluded that alcohol intake is strongly associated with an increased risk
of gout and varies substantially according to type of
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alcoholic beverage: beer confers a larger risk than spirits, even though alcohol content per serving was less for
beer than spirits. At present, there has been no research
evaluating the relationship between SUA or risk of gout
and ‘light beer.’ Hence, we conclude that beer and spirits increase the risk of gout.

Wine
Regarding the difference between wine and other alcoholic beverages in relation to SUA and risk of gout,
Choi and Curhan54 showed that SUA levels decrease
with increasing wine intake, except for the top category
(≥ 1 serving per day) in which the level was lower than
that of no use. They concluded that moderate wine
drinking (< 1 serving per day) does not increase SUA
levels. However, these findings contrast with the study
of Gaffo et al.55 Their data showed that wine intake
was not associated with SUA in either sex.55 The relationship between risk of gout and wine has been prospectively confirmed. Data from a prospective study
investigating alcohol intake and risk of gout incident in
men showed that the RR for men who drank ≥ 2
glasses of wine per day compared with those who
drank less than one glass per month was 1.05 (95% CI
0.64–1.72), and there was no significant trend with
increasing levels of wine consumption (P for
trend = 0.66). Regardless of the type of wine, this association still persisted. It can be concluded that in men,
moderate wine drinking (118 mL serving per day) was
not significantly associated with an increased risk of
gout.53 However, there have been no studies investigating the relationship between gout risk and wine drinking for women.

Sake and shochu
Sake is a Japanese rice wine containing ethanol. Shochu
is a Japanese distilled spirit, also containing ethanol,
that is made from barley, sweet potato, rice or any combination. For sake, a 6-year prospective study conducted
by Nakamura et al.56 showed a dose-response between
drinking sake and risk of hyperuricemia. For shochu, a
study by Sugie et al.57 showed there was no statistical
difference in the risk of hyperuricemia when compared
with subjects who drank sake, beer and shochu. Both
sake and shochu cause increased SUA, but there was no
data for gout flare.
Although beer and liquor have been associated with
the risk of gout incident, wine has not. However, in
2014, there was a prospective, internet-based, casecrossover study which examined the quantity and type
of alcohol consumed and risk of recurrent gout attacks
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over the prior 24 h. This study showed a significant
dose-response relationship between the amount of
alcohol consumption and risk of recurrent gout
attacks.60 Consuming wine, beer or liquor was associated with significantly increased risk of gout attack. This
study concluded that even a moderate amount of alcohol consumption, regardless of type of alcoholic beverage, was associated with an increased risk of recurrent
gout attacks.60 Many recommendations and guidelines
suggest avoiding drinking alcohol.61–66

MILK AND YOGURT
A numbers of studies have shown an association
between milk and yogurt with SUA and gout.27,67–71
Choi et al. studied the relationship between SUA and
dairy products, including milk and yogurt. This study
showed a significant inverse relationship between those
who consumed milk one or more times per day and
SUA level compared with no milk drinking. It also
found a significantly lower SUA level in those who
consumed yogurt at least once every other day compared with those who did not consume yogurt.27 Similarly, Zgaga et al.70 showed that skimmed milk and
low-calorie yogurt had a significant and inverse association with SUA concentration. For the association
between yogurt and milk with risk of gout in men, a
prospective study showed that for men who drank two
or more glasses of skim milk per day as compared with
men who drank less than one glass per month, the
multivariate RR was 0.54 (95% CI, 0.40–0.73; P for
trend < 0.001).68 The risk of gout had a similar inverse
association with the level of consumption of low-fat
yogurt.68 From this evidence, milk and low-fat yogurt
may decrease SUA and the risk of gout. Milk products
such as skim milk powder enriched with glycomacropeptide and G600 milk fat extract may reduce the frequency of gout flares.67
Multifactorial analysis can explain the association
between milk and SUA and reduced gout flare. First,
orotic acid in milk promotes renal urate excretion.70
Second, milk contains casein and lactalbumin, both
of which have been shown to decrease SUA via a uricosuric effect.71,72 Third, both glycomacropeptide, the
64-amino acid carboxyterminal fragment of к-casein,
and G600 milk fat extract, a complex lipid fraction
in which the phospholipids and gangliosides, particularly disialo ganglioside 3, have anti-inflammatory
effects in acute gout and may reduce gout flares
through inhibition of the inflammatory response to
monosodium urate crystals in the joint.67,69 Finally,
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vitamin D is found in milk, and a study suggests that
gout patients may have significantly lower levels of
1,25-(OH)2-vitamin D3. After administration of
urate-lowering drugs in this study, there was a
decrease in SUA which was associated with a significant elevation in the levels of 1,25-(OH)2-vitamin
D3.73 The supplementation of vitamin D to prevent
hyperuricemia has not been studied.74

CONCLUSION
Although many studies show association between VC,
alcohol, coffee, tea, milk and yogurt with SUA and
gout, in the 2012 American College of Rheumatology
Guidelines, they recommend only avoidance of alcohol
overuse (defined as more than two servings/day and
one servings/day for men and women, respectively)
and limiting of alcohol, particularly beer, and also wine
and spirits, in gout patients.62 Other than that, they
encourage only low-fat or non-fat dairy products in
gout patients.62 Beyond the scope of gout, we should
consider other risk factors and possible benefits in other
diseases.
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Supplementation with vitamin D (VD) has been reported to improve the eﬃcacy of interferon-based therapy for
chronic hepatitis C. We found that 25-hydroxyvitamin D3 (25-(OH)D3), one of the metabolites of VD, has antiviral eﬀects by inhibiting the infectious virus production of the hepatitis C virus (HCV). In this study, to clarify
the underlying mechanisms of the anti-HCV eﬀects, we searched VD derivatives that have anti-HCV eﬀects and
identiﬁed the common target molecule in the HCV life cycle by using an HCV cell culture system. After infection
of Huh-7.5.1 cells with cell culture-generated HCV, VD derivatives were added to culture media, and the propagation of HCV was assessed by measuring the HCV core antigen levels in culture media and cell lysates. To
determine the step in the HCV life cycle aﬀected by these compounds, the single-cycle virus production assay
was used with a CD81-negative cell line. Of the 14 structural derivatives of VD, an anti-HCV eﬀect was detected
in 9 compounds. Cell viability was not aﬀected by these eﬀective compounds. The 2 representative VD derivatives inhibited the infectious virus production in the single-cycle virus production assay. Treatment with these
compounds and 25-(OH)D3 suppressed the expression of apolipoprotein A1 and C3, which are known to be
involved in infectious virus production of HCV, and the knockdown of these apolipoproteins reduced infectious
virus production. In conclusion, we identiﬁed several compounds with anti-HCV activity by screening VD derivatives. These compounds reduce the infectious virus production of HCV by suppressing the expression of
apolipoproteins in host cells.

1. Introduction
Hepatitis C virus (HCV) infection is a major health problem and
aﬀects approximately 71 million people worldwide (WHO, 2017). In
most cases, HCV establishes a persistent infection resulting in the development of chronic hepatitis, cirrhosis, and hepatocellular carcinoma.
Interferon (IFN)-based therapy has contributed to both the control of
disease progression and eradication of this virus (Feld and Hoofnagle,
2005; Pawlotsky, 2006). Although a number of novel direct-acting
antivirals (DAAs) have been developed, it is still important to discover
novel anti-HCV reagents and identify host factors that serve as a target
of antivirals, because there are still many issues to be solved: medication cost, limited access to novel treatment regimens and emerging
resistance-associated substitutions to these DAAs (Feld, 2014;
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Pawlotsky, 2013; Welzel and Zeuzem, 2014).
1α,25-dihydroxy vitamin D3 (1α,25-(OH)2D3), the active form of
vitamin D (VD), shows biological activities through interaction with the
vitamin D receptor (VDR) and transcriptional activation inside the
nucleus. This VDR-mediated signaling is called genomic eﬀect
(Whitﬁeld et al., 1995). VD primarily exerts its action as a regulator of
calcium and phosphorus, including bone homeostasis. Moreover, it is
reported that 1α,25-(OH)2D3 also has regulatory roles in infectious
diseases and acts as an immune modulator in both innate and adaptive
immunities. Supplementation with VD has been demonstrated to improve the treatment eﬃcacy of IFN-based therapy (Abu-Mouch et al.,
2011; Kondo et al., 2013; Nimer and Mouch, 2012; Yokoyama et al.,
2014); however, the mechanisms underlying this eﬀect have not yet
been fully elucidated. Previously, we reported that 25-hydroxyvitamin
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D3 (25-(OH)D3), which is a metabolite of VD and a proactive form of
1α,25-(OH)2D3, has an antiviral eﬀect against HCV (Matsumura et al.,
2012). In an in vitro HCV cell culture system, the administration of 25(OH)D3 reduced infectious virus production, although detailed mechanisms of this eﬀect remain unclear.
In this study, to clarify the underlying mechanism of the anti-HCV
eﬀect of 25-(OH)D3, we screened structural derivatives of 1α,25(OH)2D3 and identiﬁed several compounds possessing an anti-HCV effect. By comparing these compounds with 25-(OH)D3, we assessed the
contribution of VD activity to the anti-HCV eﬀects and identiﬁed the
common target molecule.

media and cell lysates.

2. Materials and methods

The concentration of the HCV core Ag in the culture media and cell
lysates was measured using a chemiluminescent enzyme immunoassay
(Lumipulse Ortho HCV antigen, Fujirebio, Tokyo, Japan) in accordance
with the manufacturer's instructions (Murayama et al., 2012b).

2.6. RNA synthesis, transfection, and determination of infectivity
RNA synthesis and transfection were performed as previously described (Kato et al., 2006; Murayama et al., 2010). The determination
of the infectivity titer was also performed as previously described
(Murayama et al., 2007, 2012a), with the infectivity expressed as the
number of focus-forming units per milliliter (FFU/mL).
2.7. Quantiﬁcation of the HCV core Ag

2.1. Cell culture
Huh-7.5.1 cells (Zhong et al., 2005), derived from HuH-7 hepatoma
cells, were a kind gift from Dr. Francis V. Chisari (Scripps Research
Institute, La Jolla, CA). Huh7-25 cells, which lack cell surface expression of the HCV receptor CD81, have been described previously
(Akazawa et al., 2007). Cells were cultured at 37 °C in a 5% CO2 environment using Dulbecco's Modiﬁed Eagle's Medium (Wako Pure
Chemical Industries, Osaka, Japan) containing 10% fetal bovine serum.
A human osteosarcoma cell line, HOS cells, were maintained in phenol
red-free DMEM (Invitrogen, Carlsbad, CA) containing 10% fetal bovine
serum at 37 °C in 5% CO2.

2.8. Single-cycle virus production assay
Ten micrograms of in vitro-transcribed HCV RNA was transfected
into 3 × 106 Huh7-25 cells. Four hours after transfection, the cells were
placed in fresh medium containing 0.1% DMSO or in medium containing 10 μM VD derivatives. Cells and culture media were harvested
at day 3, and HCV core Ag levels and infectivity titers in the culture
media and cells were determined.
2.9. Gene expression assay

2.2. Reagents
Total cellular RNA was extracted using an RNeasy Mini kit
(QIAGEN, Valencia, CA). cDNA was synthesized from total cellular RNA
using Superscript VILO reverse transcriptase (Invitrogen). Quantitative
PCR was performed using TaqMan Gene Expression Master Mix
(Applied Biosystems, Carlsbad, CA) and gene-speciﬁc primer and probe
sets (TaqMan Gene Expression Assay; Applied Biosystems) for apolipoprotein (Apo) A1 (Rh00985000_m1), ApoA2 (Rh02913017_m1),
ApoC1
(Hs03037377_m1),
ApoC2
(Rh04255409_g1),
ApoC3
(Rh02794312_m1) and ApoE (Hs00171168_m1) in accordance with the
manufacturer's instructions. The expression levels of these genes were
normalized by using the 18S rRNA Endogenous Control (Applied
Biosystems) and are expressed as the fold changes over the DMSO
control level.

The structures of the VD derivatives evaluated in this study are
depicted in Fig. 1. These compounds have been reported previously
(Saito et al., 2013; Saitoh et al., 2011, 2015). To assess the cell viability,
a CellTiter 96 AQueous One Solution Cell Proliferation Assay (Promega,
Fitchburg, WI) was used.
2.3. Plasmids
The plasmid encoding a chimeric full-length HCV RNA, pJ6/JFH-1,
has been described previously (Murayama et al., 2016).
2.4. Cell culture-generated HCV

2.10. Knockdown of apolipoproteins

The production of cell culture-generated HCV (HCVcc) has been
described previously (Sugiyama et al., 2014). In brief, JFH-1 RNAtransfected cells were cultured for a long period, and cell cultureadapted HCVcc was harvested and stocked for further infection studies.

Huh-7.5.1 cells seeded at 2 × 106 cells/well were transfected with a
negative control siRNA (Stealth RNAi siRNA Negative Control Lo GC
Duplex #3, 12935111, Invitrogen) or siRNAs against Apolipoprotein A1
(Stealth siRNA HSS166917, Invitrogen) or Apolipoprotein C3 (Stealth
siRNA HSS179749, Invitrogen) using RNAi MAX (Invitrogen).

2.5. Detection of the anti-HCV eﬀects of VD derivatives
For the screening assay, Huh-7.5.1 cells were seeded at a density of
1 × 104 cells/well in 96-well plates and infected with HCVcc (multiplicity of infection = 0.1). Four hours after infection, the cells were
washed and placed in fresh media containing 0.1% dimethyl sulfoxide
(DMSO) or in media containing 0.1 μM, 1 μM and 10 μM of VD derivatives. The culture media were collected at day 3 and inoculated into
cultures of naive Huh-7.5.1 cells. The inoculated cells were cultured for
another 3 days, and culture media were harvested to measure the HCV
core antigen (Ag). Independent assays were performed in triplicate, and
the percentage of DMSO control was calculated; the data are presented
as the mean ± standard deviation.
For the validation assay, Huh-7.5.1 cells were seeded at
1 × 105 cells/well in 12-well plates and infected with HCVcc (multiplicity of infection = 0.1). Four hours after infection, cells were washed
and placed in fresh media containing 0.1% DMSO or in media containing 1 μM, 3 μM and 10 μM of VD derivatives. The culture media and
cells were harvested at day 3 to measure the HCV core Ag in culture

2.11. Evaluation of the aﬃnity to the vitamin D receptor
The binding aﬃnity of VD derivatives to the vitamin D receptor
(VDR) was evaluated by using a Polarscreen Vitamin D Receptor
Competitor Assay Kit, Red (Thermo Fisher Scientiﬁc, Waltham, MA).
VD derivatives and 1α,25-(OH)2D3 were diluted with DMSO in 10
concentrations (5 × 10−12 M - 1.5 × 10−7 M) and added to a 384-well
white plate (Aurora Microplate, Whiteﬁsh, MT). Fluorescently labeled
VDR ligand/hVDR complex was added to each well and incubated at
21 °C for 2 h. The degree of ﬂuorescence polarization of each well was
measured using a PHERAstar FS (BMG LABTECH, Ortenberg,
Germany). Triplicate wells were prepared for each concentration of
each VD derivative. For calculation of the inhibition rate, the degree of
ﬂuorescence polarization with DMSO was set as 0%, and the degree of
ﬂuorescence polarization with the minimum plateau concentration of
1α,25-(OH)2D3 was set as 100%. The 50% inhibitory concentration
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