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SUPPLEMENTARY INFORMATION

Section 1. Drug target prediction for WTD

Composite compounds of each herb in WTD
were obtained from TCM Database@Taiwan [1] (http://
tem.cmu.edu.tw/, Updated in 2012-06-28), which is
currently the largest non-commercial TCM database
worldwide. TCM Database@Taiwan is based on
information collected from Chinese medical texts and
scientific publications, and contains more than 20,000
pure compounds isolated from 453 TCM herbs. In total,
we collected the structural information of 22 compounds
for Radix Aconiti, 122 compounds for Herba Ephedrae,
39 compounds for Radix Astragali, 65 compounds
for Raidix Paeoniae Alba and 203 compounds for
Radix Glycytthizae. The detailed information on these
compositive compounds of each herb in WTD is
described in Supplementary Table S3.

The putative targets of WTD’s compositive
compounds were predicted by drug-CIPHER-CS presented
by Zhao and Li [2]. Based on two hypotheses: (i) drugs
with similar chemical structure usually bind functionally
related proteins and (ii) functional relationship between the
proteins can be measured by their distance in the protein
interaction network, drugCIPHER-CS achieves good
prediction performance and can infer drug targets in the
genome-wide scale. This method calculates the likelihood
of the interactions of drug-target based on the correlation
between the query drug’s structure similarity vector
with the drug space and the candidate gene’s functional
similarity vector with the target space. For a query
compound, drug-CIPHER-CS prioritizes the proteins in
the PPI network according to the order of the decreasing
drug target interaction likelihood, and the candidate
proteins with high likelihood will be hypothesized as the
putative targets.

Section 2. Known RA-related targets

Known RA-related targets were obtained from
four existing resources: (1) DrugBank database [3]
(http://www.drugbank.ca/, version: 3.0). We only used
those drug-target interactions whose drugs are FDA
approved for the treatment of RA and whose targets
are human genes/proteins. In total, we obtained 58
known RA-related targets. (2) The Online Mendelian
Inheritance in Man (OMIM) database [4] (http://
www.omim.org/, Last updated: October 31, 2013).
We searched the OMIM database with a keyword
“rheumatoid arthritis” and found 7 known RA-related
targets: CD244, HLA-DR1B, MHC2TA, NFKBILI,
PAD, SLC22A4, and PTPNS. (3) Genetic Association

Database (GAD) [5] (http://gencticassociationdb.
nih.gov/, Last updated: August 18, 2013). We used
a keyword “rheumatoid arthritis” to search the GAD
database. In total, we obtained 82 known RA-related
targets whose association with RA was shown “Y™”. (4)
Kyoto Encyclopedia of Genes and Genomes (KEGG)
Pathway Database [6] (http://www.genome.jp/kegg/,
Last updated: October 16, 2012). In total, we obtained
92 known RA-related targets which appear on the RA
pathway (KEGG ID: map05323) in the KEGG database.
The detailed information on these known therapeutic
targets is described in Supplementary Table S4. After
deleting redundancy, there were 208 known RA-related
targets collected in this study.

Section 3. Protein-protein interaction (PPI) data

PPI data were imported from eight existing PPI
databases including Human Annotated and Predicted
Protein Interaction Database (HAPPI) [7], Reactome
[8], Online Predicted Human Interaction Database
(OPHID) [9], InAct [10], Human Protein Reference
Database (HPRD) [11], Molecular interaction
Database (MINT) [12], Database of Interacting
Proteins (DIP) [13], and PDZBase [14]. The detailed
information on these PPI databases is described in
Supplementary Table S5.

Section 4. Defining network topological feature set

For each node 1 in interaction network, we defined
four measures for assessing its topological property: (1)
‘Degree’ is defined as the number of links to node i; (2)
‘Node betweenness’ is defined as the number of shortest
paths between pairs of nodes that run through node i. (3)
‘Closeness’ is defined as the inverse of the farness which
is the sum of node i distances to all other nodes. The
Closeness centrality can be regarded as a measure of how
long it will take to spread information from node i to all
other nodes sequentially. Degree, node betweenness and
closeness centralities can measure a node’s topological
importance in the network. The larger a node’s degree/
node betweenness /closeness centrality is, the more
important the node is in the interaction network [15]. (4)
K-core analysis is an iterative process in which the nodes
are removed from the networks in order of least-connected
[16]. The core of maximum order is defined as the main
core or the highest k-core of the network. A k-core sub-
network of the original network can be generated by
recursively deleting vertices from the network whose
degree is less than k. This results in a series of sub-
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networks that gradually reveal the globally central region
of the original network. On this basis, ‘K value’ is used to
measure the centrality of node i.

Section S. Preparation of WTD

According to the original composition of WTD
recorded in Chinese Pharmacopoeia 2010 edition, WTD
was prepared using the following procedure. The crude
drugs of Radix Aconiti 6g, Herba Ephedrae 9g, Radix
Astragali 9g, Raidix Paeoniae Alba 9 g and Radix
Glycytthizae 9 g were immersed in 2 litres of water for
2 h and then decocted to boil for 1 h. The decoction was
filtered through four layers of gauze. Next, the drugs were
boiled once again for 0.5 h with 2litres of water and the
decoction was filtrated out with the above method. Finally,
the extraction solution was made to a concentration of 1
g crude drug/mL. To clarify the chemical composition
of WTD, UPLC—Q-TOF-MS analysis was conducted
to identify its major compounds. The detailed strategy
and results of the identification were provided in our
previously published paper [17].

Section 6. Severity assessment of arthritis

Rats were observed once every day after primary
immunization. Arthritis severity was evaluated by arthritis
score, percentage of arthritic limbs and the time of arthritis
first appeared which were performed by two independent,
blinded observers. The arthritis score was the total of the
scores for all 4 limbs (maximum possible arthritis score
80). Arthritis incidence values are the number positive/
total number in group. In addition, the number of arthritic
limbs of individual rats were counted and added to
represent the number of arthritic limbs in a group. The
percentage of arthritic limbs in a group was calculated as
following formula:

Number of arthritic limbs in a group
Number of all limbs in a group

Percentage of arthtic limbs = *100%

Moreover, the time of arthritis first appeared referred
to the first day of the onset of the clinical symptoms of
arthritis observed.

Section 7. Histology and histologic scoring

Rats were sacrificed by cervical dislocation
on day 21 after first immunization. Both hind limbs
including the paws, ankles, and knees, were dissected,
fixed immediately for 24 h in 4% paraformaldehyde,

decalcified in 10% EDTA for up to 2 month at 4°C,
and embedded in paraffin. Tissue sections (4mm)
were mounted on common slides for staining with
hematoxylin and eosin (H&E). Histological observations
were graded on the basis of joint space narrowing and
cartilage damage of the ankle on a scale of 0 (normal),
1 (mild changes), 2 (moderate changes), and 3 (severe
changes) by two trained observers who were blinded
to the treatment groups. Histopathologic scores were
expressed as the summation of the scores awarded to
the left hind paw by both observers, with a maximum
score of 6 per rat for each histologic parameter. Minor
differences between observers were resolved by mutual
agreement [18, 19].

Section 8. Radiological observation

At the end of the experiment, rats were sacrificed
and the left hind paws were radiographed with a digital
mammography system (Planmed, Finland). Radiographs
of ankle and tarsus joints of each rat were evaluated for
bone erosion using a semiquantitative scale of O=normal,
1=mild changes, 2=moderate changes, and 3=severe
changes, respectively [20]. Two observers blind to
treatment assignment and with significant experience
in reading and rating radiographs for patients with RA
evaluated the radiographs. A total radiological score was
obtained by summing the scores awarded to the left hind
paw by both observers, giving a maximum score of 6 per
rat for each radiological parameter.
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Supplementary Figure S1: Figure 6 Effects of Wu-tou decoction (WTD) on the serum levels of IgG and IgM in collagen-
induced arthritis (CIA) rats. A. Serum levels of IgG in CIA-cold/hot groups were increased compared with the control group, doses
of 7.5 g/(kgeday) WTD significantly lowered the serum levels of IgG in both the CIA-cold/hot model groups; B. Serum levels of IgM in
CIA-cold/hot groups were increased compared with the control group, doses of 3.75 and 7.5 g/(kgeday) WTD distinctly decreased the
serum levels of IgM in the CIA-cold groups, while this decreasing tendency did not show a statistical significance in the CIA-hot groups.
Data are represented as the mean S.D (n=16). *, **, and ***, P<0.05, P<0.01, and P<0.001, comparison with the control group. #, ##, ###,

P<0.05, P<0.01, and P<0.001, comparison with the CIA model group. @, @@, @@@, P<0.05, P<0.01, and P<0.001, comparison with the
CIA-cold/hot model groups.

Supplementary Table S1: Putative targets of WTD predicted using the drugCIPHER-CS.
See Supplementary File 1

Supplementary Table S2: Topological features of 74 key nodes in the network based on the direct interactions
between putative targets and known RA-related targets.

See Supplementary File 2

Supplementary Table S3: Composite compounds of each ingredient in WTD.
See Supplementary File 3

Supplementary Table S4: Known RA-related targets.
See Supplementary File 4

Supplementary Table S5: Detailed information on eight existing protein-protein interaction databases.
See Supplementary File 5



