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Abstract

In traditional medicine (TM), blood stasis syndrome (BSS) is characterized by insufficient blood flow, resulting in a groug
symptoms such as fixed pain, a dark complexion, bleeding, and an astringent pulse. While BSS pathology has been previously
explored, its molecular mechanisms remain elusive owing to challenges in linking TM symptoms to genes. Our study aimed to
elucidate the mechanisms underlying BSS using a phenotype—genotype association approach. We extracted BSS symptoms from
various studies, linked them to medical terms using a Unified Medical Language System, and connected these terms to genes
in the DisGeNET database. The molecular network patterns of BSS symptoms were revealed through analyzing protein—protein
interactions and symptom-gene associations. Our findings revealed 1325 associations between 16 BSS symptoms comprising
32 concept-unified identifier terms and 937 genes. Network analysis highlighted the centrality of JAK2, ITGBS, and F2, associated
with multiple BSS symptoms (=5 concept-unified identifier terms) and numerous protein interactions (=20 interactions). Enrichment
analysis indicated the involvement of BSS genes in the immune system (P-value = 4.49e-14) and hemostasis (P-value = 1.28e-07)
pathways. BSS symptoms were linked to genes regulating blood coagulation, immune responses, blood flow, and inflammatory
reactions. This approach may be extended to establish genotype networks for understanding TM pattern identifications, which
are composed of diverse groups of symptoms, for personalized diagnosis and treatment.

Abbreviations: BSS = blood stasis syndrome, CUI = concept-unified identifier, KEGG = Kyoto Encyclopedia of Genes and

Genomes, TM = traditional medicine.

Keywords: blood stasis syndrome, concept unified identifiers, molecular mechanism, phenotype—genotype association

1. Introduction

Pattern identification, also known as “bian zheng,” is a process
in traditional medicine (TM) where clusters of symptoms are
thoroughly examined to determine the location, category, and
origin of syndromes, as well as the overall health of patients.!*
Blood stasis syndrome (BSS) is one such syndrome within
the pattern identification system, defined as a pathological
phenomenon responsible for a specific cluster of symptoms,
including fixed location pain, blood spots beneath the skin,
hemorrhage, dark-purple face or tongue, and an astringent
pulse.B! Tt is broadly referred to result from internal or external
factors that render blood circulation insufficient or extremely
poor. BSS holds significance in TM as it pertains to the blood,
a fundamental element for nourishing and sustaining phys-
iological functions in the body, which is involved in almost
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all cases of external trauma and chronic internal disorders.!*!
However, due to its nature as a collection of diverse symptoms,
specifying the biological mechanisms underlying BSS has been
challenging. Similar to other terms in TM, achieving a precise
understanding of BSS from a modern biological perspective
remains difficult.

Modern studies have investigated BSS. Asian experts have
developed diagnostic tools for determining the incidence and
presence of BSS in China,® Japan,! and Korea.”? Certain signs
and symptoms have been established; however, a comparison
of these tools revealed differences in the diagnostic criteria of
BSS.1®¥1 BSS has been linked to distinct and specific conditions,
including cancer, diabetes, stroke, and cardiovascular diseases;
however, intercountry variations remain significant.!¥! For
instance, Korean medicine practitioners have identified men-
strual disorders and traumatic injuries as prevalent BSS-related
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conditions,””! whereas the Japanese literature on BSS suggests
that it is also related to dermatological and gynecological dis-
eases.!'” The pathological features of BSS in biological rheol-
ogy,!'” thrombus formation,""! inflammation,'?! accelerated
senescence of red blood cells,!™! and endothelium-derived vaso-
active factors,!"" have been established in both in vivo stud-
ies and clinical trials. Nonetheless, the biological mechanisms
underlying BSS development remain unclear.

From a modern perspective, symptom phenotypes encompass
signs and symptoms and stand out as the primary clinical fea-
tures of diseases; they are essential for medical appointments,
diagnosis, and treatment. Investigating the clinical patterns
and biological processes associated with symptom phenotypes
is believed to significantly enhance the field of precision med-
icine.l"” Recent advances in phenotype-genotype associations
and network biology have resulted in successful approaches
to understanding the fundamental mechanisms of complicated
phenotypes.l'®!7] These approaches are also useful for under-
standing the molecular mechanisms underlying TM patterns.
An efficient method to link traditional symptom patterns with
phenotypes and genotypes is required. SymMap was the first
database to link numerous TM symptom-modern medicine
symptom associations using manual curation by experts.!'®!
Simultaneously, the development of medical vocabularies,
such as the Systematized Nomenclature of Medicine Clinical
Terms (SNOMED CT),!*! Unified Medical Language System
(UMLS),? and Human Phenotype Ontology (HPO)ZY has
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facilitated the unification and association of biomedical terms.
For example, Shu et al linked 431 symptoms to 341 concept-
unified identifier (CUI) codes and 3598 genes using UMLS
to determine the diversity and molecular network patterns of
symptom phenotypes.?? In addition, phenotype-genotype
associations and network biology have been applied in TM to
identify potential genes for certain symptoms,?3! construct a phe-
notype—biology—herb network, or evaluate the non-specificity
of symptom phenotypes.** These approaches hold promise in
overcoming the ambiguity of TM patterns, which are comprised
of complex symptoms, making their biological mechanisms
challenging to define. However, to date, no study has applied
them to a specific pattern such as BSS.

Therefore, in this study, we employed a symptom pheno-
type—genotype association approach to explore the biologi-
cal mechanisms involved in BSS. We first extracted common
BSS symptoms from different texts based on a previous study
and associated them with CUIs in UMLS to establish pheno-
type—genotype associations. Then, the symptom- and gene-
related networks of the BSS were constructed to measure both
the phenotypic and molecular importance of symptom phe-
notypes. Finally, we analyzed the pathways to elucidate the
molecular mechanisms (Fig. 1). By linking BSS symptoms to
genetic and molecular pathways, our findings offer evidence
that can be validated through modern biomedical research,
contributing to a clearer understanding of the ambiguity in
pattern identification.
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2. Methods

2.1. BSS clinical symptom manifestations from various
studies

We curated the data related to the clinical symptoms of BSS
based on our colleagues’ previous study on blood stasis.!! From
this study, 34 texts related to blood stasis were collected, includ-
ing 13 on diagnostic instruments,*7>-34 21 on descriptions
of BSS (03 WHO related publications,*>*¢ 15 textbooks and
articles,*1 03 online educational sources®>*). Diagnostic
tools were searched manually and electronically in the AMED,
CENTRAL, EMBASE, and MEDLINE databases, while the
remaining documents were manually searched only for English
texts in personal and colleague collections, as well as school
libraries.!®!

Symptoms associated with BSS were extracted and compared.
We constructed tables with all the symptoms and signs associ-
ated with BSS to analyze the variety of manifestations. Due to
the variation in the number of symptoms described in the 34
texts on BSS, only the common symptoms (those appearing in at
least 4 texts) were selected for the next step of this study.

2.2. Symptom phenotype-genotype associations

Keywords related to the symptoms and symptom descriptions
were then added into the UMLS Metathesaurus to search for
relevant items in the CUI code for each concept. The UMLS
is an extensive biomedical thesaurus structured by concepts or
meanings, linking comparable names for the same concept from
approximately 200 distinct vocabularies. The Metathesaurus
also identifies meaningful relationships between concepts, pre-
serving concept names, meanings, and relationships within each
vocabulary.”?"!

The vocabularies selected for the CUI code search in UMLS
included ICD9, ICD10, DSM-5, SNOMEDCT, OMIM, MSH,
NCBI, GO, HPO, MEDLINEPLUS, and WHO, which are vocab-
ularies related to human species medicine. Substituting common
TM terms with modern biomedical terms in UMLS is difficult.
For example, the “Fixed pain” symptom is described as localized
and stabbing pain, sensitive to pressure, but there is no CUI term
for fixed pain in UMLS, so we choose CUI terms like “Localized
pain” (C0520962), “Stabbing pain” (C0278145), and “Sensitive
to touch” (C0423580) to describe the “Fixed pain” symptom.
Therefore, to ensure accurate terminological mapping of genetic
data for symptoms in BSS, we manually mapped TM terms to
English terms of symptoms in UMLS. This mapping was con-
ducted with the assistance of trained medical researchers in
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our author list who had more than 5 years of experience (e.g.,
MNT, HJJ, and SL). CUI terms that received more than 2 con-
sent forms were used to collect the related genes.

The CUI codes were then imported into DisGeNET to collect
phenotype-genotype associations. DisGeNET comprises 30,170
human phenotypes, traits, disorders, and diseases, with 21,671
genes and 1,134,942 gene-disease connections.!>’!

2.3. Construction of the BSS network

Based on the phenotype—genotype associations, we constructed
2 networks related to BSS symptoms and genes. One network
is the “BSS symptom network,” which addresses symptoms
through CUI codes, while the other is the “BSS gene network,”
which addresses BSS genes through protein interactions.
Networks were visualized using Cytoscape software version
3.10.55¢

In the BSS symptom network, each CUI term (e.g., localized
pain) was represented as a node, whereas associations between
nodes were represented as edges. Node size corresponds to the
number of genes linked to a specific CUI term, whereas nodes
are interconnected if they share a common gene associated with
both CUI terms. The edge size reflects the number of shared
genes between 2 CUI terms.

In the BSS gene network, each gene is represented as a node,
and the size of each node is represented by the number of CUIs
associated with the gene. The larger the size, the more important
the gene. Simultaneously, the links of these nodes are protein
interactions obtained from the STRING database, which is a
protein interaction-related database. In STRING, we selected
only physical interactions, which are direct interactions con-
firmed through text mining, experiments, and databases.’”! The
Homo sapiens option for each species and the highest confi-
dence level for the minimum required interaction score were set.
The number of interactions for each gene was represented by
the thickness of the node border associated with that gene. The
thicker the border nodes, the greater the number of interacting
genes.

2.4. Enrichment analysis

We employed enrichment analysis to identify the molecular
pathways and interactions that may be affected by the BSS
genes. Pathway analysis is a powerful tool for determining
the biological roles of genes and proteins, allowing us to
find significant pathways of overrepresented genes or pro-
teins in a large collection that can be connected to specific

Frequency of symptoms in the different resources.

Sign/symptom 13 Asian origin instruments 13 Asian origin texts 8 Western origin texts Total
Dark tongue 11 8 6 25
Masses 5 9 7 21
Fixed pain 5 8 7 20
Dark complexion 6 11 6 23
Menstrual bleeding problems 3 2 7 12
Choppy pulse (rough) 4 1 7 12
Dark lips (purple or blue lips) 8 7 6 21
Discolored (dark) spots on the tongue 6 6 3 15
Subcutaneous extravasation/ecchymoses 9 9 1 19
Dry skin 5 0 1 6
Darkened eyelids or around eyes 8 5 0 13
Spider nevi (fine capillaries/venules) 5 9 0 14
Darkened nails 1 3 5 9
Sublingual blood vessel changes 5 4 1 10
Dark stools 5 0 0 5
Stabbing chest pain 4 0 0 4
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CUI symptom terms mapped into traditional symptom terms of BSS.
Group Traditional symptoms Related CUI terms in UMLS CUI code
Fixed or stabbing pain Fixed pain Localized pain 0520962
Localized abdominal pain 0522061
Pain (sharp, boring, drilling, piercing) (2675800
Sharp pain £0455270
Stabbing pain 0278145
Sensitive to touch €0423580
Primary dysmenorrhea 0149875
Dysmenorrhea 0013390
Stabbing chest pain Localized chest pain (2184182
Angina Pectoris 0002962
Angina, Unstable 0002965
Stable angina 0340288
Dark tongue-related signs Dark tongue Blue tongue (4284010
Purple tongue discoloration (classic feature) (3278100
Hematoma of tongue 0474983
Discolored (dark) spots on the tongue
Sublingual blood vessel changes
Dark face and nails Dark complexion Cyanosis of skin 0010520
Darkened eyelids or around eyes Periorbital hyperpigmentation (1844606
Pigmentation of eyelids (0854438
Dark lips (Purple or blue lips) Blue lips 0240194
Lip hyperpigmentation (4021963
Dark color of gums (4280389
Darkened nails
Masses or lumps Masses Abdominal mass €0000734
Multiple masses (1265602
Masses soft tissue 0457193
Palpable mass 0746412
Abdominal or pelvic swelling, mass, or lump 0476310
Abdomen distended €0000731
Choppy or rough pulse Choppy pulse (rough)
Organ bleeding Menstrual bleeding problems Irregular menstrual bleeding 0156404
Intermenstrual heavy bleeding 0232943
Hypomenorrhea 0020624
Menorrhagia 0025323
Thrombus £0087086
Dark stools Melena (0025222
Hematochezia €0018932
Subcutaneous extravasation/ecchymoses Subcutaneous extravasation/ecchymoses (Red/purple speckles, Petechiae 0031256
maculae or petechiae) Petechiae of skin 00241144
Maculae €0332573
Subcutaneous hemorrhage 0854107
Spots on skin 0848332
Internal hemorrhage (1390214
Muscle hematoma 0240412
Hematoma of skin 0475852
Subcutaneous hematoma 0520532
Subungual hematoma (0474975
Purpura 0034150
Ecchymosis 0013491
Spider nevi (fine capillaries/venules) Spider nevus 0085666
Telangiectasia (0039446
Dry skin Dry skin Dry skin 0151908
Rough skin 0859038
Scaly skin (0423773
Fissure in skin (0221245

disease characteristics. In this study, we obtained the func-
tional enrichment analyses using the Database for Annotation,
Visualization, and Integrated Discovery (DAVID, version
6.8)1581 and Reactome.’” The adjusted P-value for each term,
corrected using the false discovery rate method, was used
to sort the data for the Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Reactome pathway enrichment. The
KEGG PATHWAY database consists of organism-specific and
manually generated reference pathway maps, whereas the

Reactome consists of manually managed and peer-reviewed
interactions, reactions, and pathways.

3. Results
3.1. BSS clinical symptom manifestations from different
texts

From the 34 studies related to BSS, the symptoms and their
descriptions were extracted from our previous study.® We have
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rearranged similar descriptions of symptoms under broad head-
ings to identify the common symptoms mentioned in the litera-
ture (Table S1, Supplemental Digital Content, http:/links.lww.
com/MD/OS57). Table 1 lists the 16 signs/symptoms agreed upon
in at least 4 studies (such as dark tongue, presence of masses,
fixed pain, dark complexion, menstrual bleeding problems, and
a choppy pulse), which were collected for association with the
relevant genes in the next step.

3.2. Phenotype-genotype associations

To obtain symptom-gene associations, we used the CUI code as
an intermediary. The selection of CUI codes corresponding to
TM symptoms was performed manually by 3 TM doctors with
more than § years of clinical experience. Table 2 shows the CUI
terms and CUI codes corresponding to BSS symptoms. Certain
symptoms of similar nature, shown in Table 1, were rearranged
into the same group, such as stabbing chest pain and fixed pain
(all pain), and dark tongue, discolored spots on the tongue, and
lingual blood vessel changes (all tongue expressions). Due to the
specific nature of the symptoms, some symptoms related to the
pulse and tongue could not be identified as related CUIs. The
results showed that 52 CUI codes were associated with 16 TM
symptoms of BSS.

The CUI codes were then searched in DisGeNET, after remov-
ing the codes, for which related genes could not be found, 1325
associations involving 16 BSS symptoms, 32 CUI codes, and 937
genes were identified.

This analysis determined that an average of 41.41 related
genes were found per CUI code; conversely, a single gene was

www.md-journal.com

associated with an average of 1.42 CUI codes. Particularly, 50%
of the CUI codes had <30 associated genes (Fig. 2A); however,
several CUI codes with more than 100 genes still existed, such
as dry skin (159 genes), stable angina (144 genes), and distended
abdomen (103 genes), suggesting an intricate underlying patho-
physiology and potential comorbidities associated with these
symptom phenotypes. Over 70% of the genes had one asso-
ciated CUI code, whereas some genes, such as TNE ITGA2B,
GP1BA, PTEN, IL6, ITGB3, and CRP, were associated with
more than 5 CUI codes (Fig. 2B). The symptom groups with
the largest number of involved genes were “Fixed and stabbing
pain” (361 genes), “subcutaneous extravasation” (251 genes),
and “dry skin” (163 genes), as shown in Figure 2C.

3.3. Construction of the BSS symptom network

From the symptom-gene associations, we generated 2 biologi-
cally relevant networks (Figs. 3 and 4). In the “BSS symptom net-
work,” nodes symbolize CUI terms, and 2 terms are connected
if they share at least one associated gene associated (Fig. 3). In
the “BSS gene network,” nodes represent genes, whereas con-
nections between genes are established based on their physical
interactions with each other (Fig. 4).

In the BSS symptom network, all CUI codes had at least one
link to other codes, indicating that the genetic foundations of the
majority were shared with other codes to a certain extent. The
obtained BSS symptom network displayed several connections
between individual symptoms and symptom groups (Fig. 3).
Specifically, symptoms in the “Fixed and stabbing pain” group
shared many genes, such as angina pectoris and dysmenorrhea
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Figure 2. (A) Distribution of genes associated with symptoms. (B) Distribution of symptoms associated to genes. (C) Distribution of genes in symptom groups.
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(12 shared genes). The subcutaneous bleeding group was sim-
ilar; for example, petechiae of the skin and ecchymosis (24
shared genes). In addition, groups such as pain, internal bleed-
ing, and bleeding under the skin shared disease genes. However,
the remaining groups, such as dry skin, masses or lumps, and
dark faces or nails, showed limited connection with the other
groups.

In the BSS gene network, the size of each node (representing
a gene) is determined by the number of CUI codes in which the
gene is implicated. Two genes are connected if they physically
interact with each other, providing a gene-centric perspective of
the disease. In this network, 423 of 937 BSS genes exhibited con-
nections with other BSS genes, with 322 genes belonging to the
giant component. Although the involvement of genes in multiple
CUIs rapidly declined (Fig. 2B; white nodes in Fig. 4), several
disease genes (e.g., TNE, ITGA2B, GP1BA, PTEN, IL6, ITGB3,
and CRP) were involved in as many as 5 CUI codes, suggest-
ing that these genes play a significant role in the pathogenesis
of BSS. ITGB2, PTPN11, CTNNB1, JAK2, ITGB3, TP53, and
F2 showed the highest number of protein interactions between
genes. JAK2, ITGB3, and F2 are involved in many CUI codes
(=5 CUI terms) and protein interactions with other genes (>20
interactions), representing major hubs in the network.

3.4. Enrichment analysis

KEGG pathway enrichment analysis identified 102 signal-
ing pathways (P <.01). The top 15 are shown in Figure 5.
Pathways associated with specific diseases in the human dis-
ease category were removed to focus on other KEGG catego-
ries (e.g., organismal systems and environmental information

Medicine

processing) to provide more informative pathways explaining
the molecular mechanisms of BSS. Many of the top 15 path-
ways are either related to the immune system, blood coagula-
tion, or both, such as complement and coagulation cascades
(hsa04610, P-value = 5.4e-17), cytokine-cytokine receptor
interaction (hsa04060, P-value = 9.2e-16), hematopoietic cell
lineage (hsa04640, P-value = 2.3e-13), intestinal immune net-
work for IgA production (hsa04640, P-value = 6.1e-8), platelet
activation (hsa04611, P-value = 1.9¢-7), Th17 cell differentia-
tion (hsa04659: P-value = 3.6e-7), and cholesterol metabolism
(hsa04979, P-value = 2.4e-6).

Reactome pathway enrichment analysis yielded 67 items
(P-value < .01). The pathway groups and their sub-pathways at
a significance threshold are displayed in Figure 6A. The path-
way results were intensively enriched in the immune system,
inflammation, and hemostasis (including IL-10, IL-4, and IL-13
signaling), formation of fibrin clots, platelet activation, signaling
and aggregation, and platelet degranulation. Figure 6B shows
the involvement of crucial genes (appearing in at least 4 CUI
terms) with the top 15 Reactome pathways, such as TNE, IL6,
1L10, IL10A, and CXCLS, involved in immune system-related
pathways, whereas ITGB3, ITGA2, ITGA2B, F2, F3, GP1BA,
GP1BB, and VWF were mainly involved in hemostasis. Genes
such as JAK2, IFNG, and VEGFA were involved in both
processes.

4. Discussion

Pattern identification is crucial in TM as it helps practitioners
understand the underlying imbalances and disharmonies within
the body. BSS is a common pattern characterized by stagnant
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blood circulation and poor microcirculation.®! Despite sig-
nificant advancements in research on BSS, its precise molecu-
lar mechanisms remain unclear. The concept of blood stasis is
different between TM and allopathic medicine. In allopathic
medicine, it is often related to specific conditions that affect
blood flow, such as blood clots, atherosclerosis, or venous insuf-
ficiency.l®!! In contrast, TM considers BSS to be a set of diverse
symptoms that can manifest locally or affect the whole body,
reflecting a broader imbalance in the body’s functions. The com-
plexity of these symptoms makes exploring BSS difficult in TM.
In this study, we employed the phenotype-genotype association
approach to explore the molecular mechanisms of BSS by link-
ing its symptoms to relevant genes. These results suggest that
genes related to the BSS phenotype are involved in immune sys-
tem pathways and hemostasis disorders, leading to blood flow
disturbances and adverse immune responses.

Interpreting the mechanisms of TM patterns by linking
symptoms to genotypes has been challenging. In this study, we
extracted symptoms from BSS-related studies, used UMLS to
find CUI codes, and linked them to CUI-code-related genes.
As a result, 1325 associations were identified between 16 BSS
symptoms, 32 CUI codes, and 937 genes. The BSS symptom
network (Fig. 3) and the distribution of genes within symptom
groups (Fig. 2c) revealed that symptom groups, such as fixed
pain (mainly angina), organ bleeding (mainly menstrual dis-
order), and subcutaneous extravasation, were associated with
many disease genes; these symptom groups shared common
disease genes. This suggests that BSS is associated with several
diseases in modern medicine, such as coronary heart disease,**!
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dysmenorrhea,®® and traumatic injury,/®+5 rather than a spe-
cific disease.

Genes associated with multiple symptoms were identi-
fied in the BSS gene network, including TNF (10 CUI terms),
ITGA2B, GP1BA (8 CUI terms), PTEN, IL6, and ITGB3 (7
CUI terms). Simultaneously, JAK2, ITGB3, F2, and ITGA2
were involved in multiple CUI codes and interacted with other
genes (Fig. 4), suggesting that these are hub genes influencing
blood stasis. ITGB3, ITGA2, and ITGA2B are integrins that
are transmembrane receptors that promote cell-extracellular
matrix and cell-cell adhesion. Integrins provide quick and flex-
ible responses to signals at the cell surface (e.g., they signal
platelets to initiate a reaction to coagulation factors). Integrin
alpha-ITb/beta-3 (ITGA2B: ITGB3) is a receptor for vitronec-
tin, thrombospondin, prothrombin, plasminogen, fibrinogen,
and fibronectin. F2 (thrombin) and F3 (tissue factor) are key
players in blood coagulation. Thrombin acts as an enzyme that
converts fibrinogen into fibrin, thereby forming stable blood
clots. It also activates coagulation factors and participates in
cellular signaling.°! In contrast, tissue factors initiate coag-
ulation by forming a complex with factor VIla, leading to
thrombin formation.l”! In addition to their hemostatic roles,
both proteins have non-hemostatic functions in inflamma-
tion, wound healing, and cell signaling pathways. GP1BA and
GP1BB are essential platelet components that play crucial roles
in platelet function and hemostasis. Under high shear condi-
tions, GP1BA (glycoprotein Ib alpha) is involved in platelet
binding and adhesion to von Willebrand factor (VWF). It
forms a complex with GP1BB (glycoprotein Ib beta) and other
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Figure 4. Blood stasis syndrome gene network. Nodes represent genes, and edges signify physical interactions between genes. The size of each node is
determined by the number of CUI codes in which the gene is involved, while the thickness of each node corresponds to the number of connections around
the node. Nodes appear in white if the associated genes are linked to more than one symptom group. Genes related to more than 4 CUI keywords and those

mentioned in the text are indicated with their gene symbols. CUI = concept-unified identifier.
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Figure 6. (A) Reactome pathway enrichment of blood stasis syndrome. (B) Involvement of key genes with the top Reactome pathways.

subunits to create a glycoprotein Ib-IX-V receptor complex on
the platelet surface. This complex facilitates platelet tethering
and the initiation of platelet aggregation at locations of vas-
cular damage.'®® VWF is crucial in maintaining hemostasis by
facilitating platelet adherence to vascular injury sites through
the creation of a molecular bridge between the platelet—sur-
face receptor complex, GPIb, and the subendothelial collagen

matrix.!®”) Thus, most genes involved in the clotting process
may develop coagulation disorders, leading to changes in
blood flow. This was demonstrated by the gene enrichment
results in KEGG and Reactome, where BSS genes participated
in hemostasis pathways such as the formation of fibrin clots,
platelet activation, signaling and aggregation, platelet degran-
ulation, and complement and coagulation cascades (Figs. 5
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and 6). A clinical study reported that individuals with BSS
showed anomalies in platelet function” and hemorheology.!'"!

In addition, among the hub genes, many genes, such as TNE,
IL6, IL10, CCLXS8 (or IL8), and CRP were also involved in
the immune system and regulation of inflammation. A strong
association has been reported between BSS and inflammatory
markers, such as CRP, IL6, TNEF, and adhesion molecules. Stasis
removal and blood circulation promotion are crucial in the clin-
ical treatment of inflammation. Furthermore, experimental ani-
mal models of BSS have suggested that inflammatory reactions
exhibit a certain level of mediation.”"! Moreover, IL10 is an
anti-inflammatory cytokine that limits immune responses and
helps resolve inflammation. It downregulates the production of
pro-inflammatory cytokines and inhibits immune cells.”? IL8
plays a role in neutrophil recruitment and activation during
early inflammation.!”?! Together, TNF, IL6, CRP, IL8, and IL10
contribute to the complex balance between pro- and anti-
inflammatory processes and play important roles in immune
homeostasis and host defense mechanisms. In addition, JAK2,
IFNG, and VEGFA contribute to the immune response and
inflammation by regulating signaling pathways, modulating
immune cell activation and function, and influencing the inflam-
matory microenvironment. Enrichment analysis showed that
the BSS genes were involved in IL4, IL10, and IL13 signaling,
cytokine signaling in the immune system, and Th17 cell differen-
tiation. Therefore, the disease mechanism of BSS clearly involves
disorders of pathways related to interleukins and cytokines in
the immune system.

Our study had several limitations. The first is the inability to
find CUI codes for TM-specific symptoms such as discolored
spots on the tongue or choppy pulses. In TM, any disorder in
the body leads to a change in the expression of the pulse and
tongue; therefore, practitioners observe their abnormalities for
diagnosis. This leads to unique characteristics in the dialect of
TM; thus, identifying relevant CUI codes is difficult in modern
medicine. Second, the number of linkages between CUI codes
and genes was uneven, with many CUI codes involving only a
few genes or no linkages. Once more, these codes mainly belong
to symptoms such as dark tongue, stabbing pain, sensitivity to
touch, and blue lips. Despite these challenges, we believe that
the progress in symptom science will ultimately empower us to
significantly broaden our data sources, thereby enhancing our
understanding of symptom phenotypes in the post-genomic age.

In TM, accurate identification of diagnostic patterns is crucial
for effective treatment. Clinical practitioners often rely on their
experience and intuition to determine pattern identifications. By
linking pattern identification symptoms to molecular mechanisms,
this study provides additional evidence to complement traditional
practices. The goal of this research is not to establish definitive
correlations for immediate patient care, but to open a dialogue
between traditional and modern medical approaches. Although the
findings do not yet provide direct guidelines for patient care in TM,
they lay the groundwork for future evidence-based approaches that
could inform both traditional and modern medical fields.

In conclusion, our symptom phenotype-genotype association
approach has shown that the molecular mechanisms involved in
BSS symptoms are linked to coagulation and immune responses,
aligning with the traditional medical concept of BSS. By con-
necting BSS symptoms to genetic and molecular pathways, this
approach offers evidence that can be validated through modern
biomedical research, helping to clarify the ambiguity in pattern
identification. In the future, we aim to apply this method to
other TM pattern identifications to build a comprehensive gen-
otype network, thereby enhancing the efficacy of personalized
diagnosis and treatment approaches.

Author contributions

Conceptualization: Sanghun Lee, Minh Nhat Tran.
Formal analysis: Minh Nhat Tran.

www.md-journal.com

Methodology: Minh Nhat Tran.
Writing — original draft: Minh Nhat Tran.
Writing — review & editing: Hyeong Joon Jun, Sanghun Lee.

References

[1] World Health Organization. Regional Office for the Western Pacific.
WHO International Standard Terminologies on Traditional Medicine
in the Western Pacific Region. WHO Regional Office for the Western
Pacific; 2007.

[2] Birch S, Alraek T, Bovey M, et al. Overview on pattern identification —
history, nature and strategies for treating patients: a narrative review.
Eur ] Integr Med. 2020;35:101101.

[3] Liao J, Wang J, Liu Y, et al. Modern researches on Blood Stasis syn-
drome 1989-2015: a bibliometric analysis. Medicine (Baltimore).
2016;95:e5533.

[4] Choi T-Y, Jun JH, Park B, et al. Concept of blood stasis in Chinese med-
ical textbooks: a systematic review. Eur | Integr Med. 2016;8:158-64.

[5] Li S-M, Xu H, Chen K-]. The diagnostic criteria of blood-stasis syn-
drome: considerations for standardization of pattern identification.
Chin J Integr Med. 2014;20:483-9.

[6] Terasawa K. The presentation of diagnostic criteria for
“Yu-xie”(stagnated blood) conformation. Int J Orient Med.
1989;14:194-213.

[7] Lee JA, Kang B-K, Park T-Y, et al. CORE-DITEC-BS (COnvergence
REsearch of the Dlagnostic TEChnology for Blood Stasis): study pro-
tocol. Eur J Integr Med. 2015;7:417-22.

[8] Birch S, Alraek T, Lee MS, Lee JA, Kim T-H. Understanding blood stasis
in traditional East Asian medicine: a comparison of Asian and Western
sources. Eur ] Integr Med. 2021;44:101341.

[9] Park B, Yun K-], Jung J, et al. Conceptualization and utilization of
blood stasis syndrome among doctors of Korean medicine: results of a
web-based survey. Am ] Transl Res. 2014;6:857-68.

[10] Goto H. Blood stasis syndrome in Japan and its molecular biological
analysis. Chin ] Integr Med. 2014;20:490-5.

[11] LiuY, Yin H-J, Shi D-Z, Chen K-J. Chinese herb and formulas for pro-
moting blood circulation and removing blood stasis and antiplatelet
therapies. Evid Based Complement Alternat Med. 2012;2012:184503.

[12] Shen B-Q, Yi S, Huang ], et al. A clinical study on the treatment of
chronic pelvic inflammation of Qi-stagnation with blood stasis syn-
drome by Penyanqing Capsule. Chin J Integr Med. 2005;11:249-54.

[13] You S, Park B, Lee MS. Accelerated RBC senescence as a novel patho-
logic mechanism of blood stasis syndrome in traditional East Asian
medicine. Am ] Transl Res. 2015;7:422-9.

[14] Wang J, Yu G. A systems biology approach to characterize biomark-
ers for blood stasis syndrome of unstable angina patients by integrat-
ing microRNA and messenger RNA expression profiling. Evid Based
Complement Alternat Med. 2013;2013:510208.

[15] Hickey KT, Bakken S, Byrne MW, et al. Corrigendum to precision
health: advancing symptom and self-management science. Nurs
Outlook. 2020;68:139-40.

[16] Jones PJ, Heeren A, McNally R]. Commentary: a network theory of
mental disorders. General commentary. Front Psychol. 2017;8:1305.

[17] Maron BA, Altucci L, Balligand J-L, et al. A global network for net-
work medicine. npj Syst Biol Appl. 2020;6:29.

[18] Wu Y, Zhang F, Yang K, et al. SymMap: an integrative database of
traditional Chinese medicine enhanced by symptom mapping. Nucleic
Acids Res. 2018;47(D1):D1110-7.

[19] Donnelly K. SNOMED-CT: the advanced terminology and coding sys-
tem for eHealth. Stud Health Technol Inform. 2006;121:279-90.

[20] Bodenreider O. The Unified Medical Language System (UMLS):
integrating ~ biomedical  terminology.  Nucleic  Acids  Res.
2004;32(suppl_1):D267-70.

[21] Kohler S, Carmody L, Vasilevsky N, et al. Expansion of the Human
Phenotype Ontology (HPO) knowledge base and resources. Nucleic
Acids Res. 2018;47(D1):D1018-27.

[22] Shu Z, Wang ], Sun H, et al. Diversity and molecular network patterns
of symptom phenotypes. npj Syst Biol Appl. 2021;7:41.

[23] Li X, Zhou X, Peng Y, et al. Network based integrated analysis of
phenotype-genotype data for prioritization of candidate symptom
genes. Biomed Res Int. 2014;2014:435853.

[24] Li S. Network systems underlying traditional Chinese medicine syn-
drome and herb formula. Curr Bioinform. 2009;4:188-96.

[25] Shan-Yu S, Chung-Hsien Y, Chuang-Chien C, Qi W. Acoustic features
for identifying constitutions in traditional Chinese medicine. J Altern
Complement Med. 2013;19:569-76.



8L +AWAOANDMMBRAAUAYO/FIAEIDYIASALLIAIPOOAEIEAHIOIN/ADAUMYTXOM

ADUOINXTOHISABZIY 1A+ NIOITWNOIZTACY HJESHIAAUE AQ [eunol-puw/wod’ mm|sfeulnoly/:dny wouj papeojumoq

¥20¢/2T/2T uo

Tran et al. e Medicine (2024) 103:49

[26] Shu-Chen C, Chien-Hsiung L, Yeu-Jhy C, et al. Fire-heat and Qi defi-

ciency syndromes as predictors of short-term prognosis of acute isch-
emic stroke. ] Altern Complement Med. 2013;19:721-8.

Kang B-K, Park T-Y, Lee JA, et al. Reliability and validity of the Korean
standard pattern identification for stroke (K-SPI-Stroke) questionnaire.
BMC Complement Altern Med. 2012;12:55.

Kuiwu Y, Jie W, Cuiling Z, Jitao W, Juzheng F. Results of differ-
ent quantitative diagnosis analysis on the symptoms and signs of
blood stasis syndrome in coronary heart disease. World Sci Technol.
2009;11:684-8.

Guan Y, He Q. Liver cancer: Zheng classification of Qi stagnation and
blood stasis. Pharmacol Pharm. 2014;05:75-82.

Han Y, Wang H, Xu W, et al. Chinese herbal medicine as maintenance
therapy for improving the quality of life for advanced non-small cell
lung cancer patients. Complement Ther Med. 2016;24:81-9.

Tang X-d, Lu B, Zhou L-y, et al. Clinical practice guideline of Chinese
medicine for chronic gastritis. Chin ] Integr Med. 2012;18:56-71.
Jung J, Lee JA, Ko MM, et al. Gyejibongneyong-hwan, a herbal medi-
cine for the treatment of dysmenorrhoea with uterine fibroids: a proto-
col for a randomised controlled trial. BM]J Open. 2016;6:¢013440.
Park Y-J, Yang D-H, Lee J-M, Park Y-B. Development of a valid and
reliable blood stasis questionnaire and its relationship to heart rate
variability. Complement Ther Med. 2013;21:633-40.

Lee JA, Park T-Y, Lee ], et al. Developing indicators of pattern identifi-
cation in patients with stroke using traditional Korean medicine. BMC
Res Notes. 2012;5:136.

ICD-11 codes. SFO1 Blood stasis pattern (TM1). 2022. Available
at: http://apps.who.int/classifications/icd11/browse/l-m/en#/
http%3a%2f%2fid.who.int%2fictm %2fentity %2f256171555.
Accessed April 2,2024.

Li Z-G, Pan S-L. Comparative study on WHO Western Pacific Region
and World Federation of Chinese Medicine Societies international
standard terminologies on traditional medicine: an analysis of the Five
Sensory Organs. Zhong Xi Yi Jie He Xue Bao. 2009;7:183-6.
Wiseman N. A Practical Dictionary of Chinese Medicine.
Colorado: Paradigm Pubns; 1998.

Cheng X, Deng L. Chinese Acupuncture and Moxibustion. Beijing,
China: Foreign Language Press; 1999.

Neeb GR. Blood Stasis: China’s Classical Concept in Modern Medicine.
London, England: Churchill Livingstone; 2007.

Liu Y, Vian K, Eckman P. The Essential Book of Traditional Chinese
Medicine: Clinical Practice. Vol. 2. New York: Columbia University
Press; 1988.

[41] Wiseman N, Ellis A. Translation of Zhong Yi Xue Ji Chu, 1975 as:

Fundamentals of Chinese Medicine. Brookline (USA): Paradigm
Publications. 1985;

Beijing Zhong Yi Xue Yuan. Essentials of Chinese Acupuncture. Beijing,
China: Foreign Language Press; 1980.

[43] Tsay K. Acupuncturist’s Handbook. Chestnut Hill, MA: CPM Whole

Health. 1995.

Manaka Y, Itaya K, Birch S. Chasing the Dragon’s Tail: The Theory
and Practice of Acupuncture in the work of Yoshio Manaka.
Colorado: Paradigm Publications; 1995.

Chen P. Diagnosis in Traditional Chinese Medicine. New
Mexico: Complementary Medicine Press; 2004.

Hisazumi T. Oketsu-Sho: blood stagnation syndrome. N Amer ] Orient
Med. 2010;17:14-5.

Hecker H-U, Steveling A, Peuker ET, Kastner J. Practice of Acupuncture:
Point  Location-Treatment  Options-TCM  Basics.  Stuttgart,
Germany: Georg Thieme Verlag; 2004.

Kaptchuk TJ. Chinese Medicine: The Web that has No Weaver.
Florida: Congdon & Weed; 2000.

Beinfield H, Korngold E. Between Heaven and Earth: A Guide to
Chinese Medicine. New York: Ballantine Books; 1991.

Medicine

[50] Maciocia G. The Foundations of Chinese Medicine.
London, England: Churchill Livingstone; 1989.

[51] Maciocia G. The Foundations of Chinese Medicine: A Comprehensive
Text. London, England: Churchill Livingstone; 2015.

[52] SacredLotus. Blood stagnation. 2001. Available at: https://sacred-
lotus.com/go/diagnosis-chinese-medicine/get/differentiation-syn-
dromes-gi-blood-fluids-tcm. Accessed April 2,2024.

[53] TCMWiki. Stagnant blood. 2011. Available at: https://tcmwiki.com/
wiki/stagnant-blood. Accessed April 2,2024.

[54] House Y. TCM diagnostic patterns — Qi deficiency, blood stagnation.
1999. Available at: https://theory.yinyanghouse.com/theory/chinese/
tem_diagnosis_meanings. Accessed April 2, 2024.

[55] Pifiero J, Ramirez-Anguita JM, Satich-Pitarch J, et al. The DisGeNET
knowledge platform for disease genomics: 2019 update. Nucleic Acids
Res. 2020;48(D1):D845-55.

[56] Shannon P, Markiel A, Ozier O, et al. Cytoscape: a software environ-
ment for integrated models of biomolecular interaction networks.
Genome Res. 2003;13:2498-504.

[57] Szklarczyk D, Gable AL, Nastou KC, et al. The STRING database in
2021: customizable protein—protein networks, and functional charac-
terization of user-uploaded gene/measurement sets. Nucleic Acids Res.
2021;49(D1):D605-12.

[58] Sherman BT, Hao M, Qiu J, et al. DAVID: a web server for functional
enrichment analysis and functional annotation of gene lists (2021
update). Nucleic Acids Res. 2022;50(W1):W216-21.

[59] Gillespie M, Jassal B, Stephan R, et al. The reactome pathway knowl-
edgebase 2022. Nucleic Acids Res. 2022;50(D1):D687-92.

[60] ChoiT-Y, Jun JH, Lee JA, et al. Expert opinions on the concept of blood
stasis in China: an interview study. Chin J Integr Med. 2016;22:823-31.

[61] Hassouna HI. Editorial comment: blood stasis, thrombosis and fibrino-
lysis. Hematol Oncol Clin North Am. 2000;14:xvii—xii.

[62] Yu G, Wang J. Blood stasis syndrome of coronary heart disease: a per-
spective of modern medicine. Chin J Integr Med. 2014;20:300-6.

[63] Liu P, Duan J-A, Bai G, Su S-L. Network pharmacology study on major
active compounds of Siwu decoction analogous formulae for treating
primary dysmenorrhea of gynecology blood stasis syndrome. China ]
Chin Materia Medica. 2014;39:113-20.

[64] Jin X, Shen G, Gao F, et al. Traditional Chinese drug ShuXueTong facil-
itates angiogenesis during wound healing following traumatic brain
injury. ] Ethnopharmacol. 2008;117:473-7.

[65] Mi Mi K, Soobin ], Ju Ah L, Byung Kab K, Jeeyoun ]. Blood stasis
therapy for traumatic injury: a prospective, single-arm, pre—post pilot
study. ] Altern Complement Med. 2019;25:359-65.

[66] Crawley JTB, Zanardelli S, Chion CKNK, Lane DA. The central role of
thrombin in hemostasis. ] Thromb Haemost. 2007;5(s1):95-101.

[67] Grover SP, Mackman N. Tissue factor. Arterioscler Thromb Vasc Biol.
2018;38:709-25.

[68] Clemetson KJ, Clemetson JM. Platelet GPIb complex as a target for
anti-thrombotic drug development. Thromb Haemost. 2008;99:473-9.

[69] Stockschlaeder M, Schneppenheim R, Budde U. Update on von
Willebrand factor multimers: focus on high-molecular-weight mul-
timers and their role in hemostasis. Blood Coagul Fibrinolysis.
2014;25:206-16.

[70] Katsutoshi Terasaw A, Toriizuka K, Bandou M, Imadaya A, Hiroyori
T. Effects of medicinal plants on the metabolism of platelet arachidonic
acid. ] Med Pharm Soc Wakan-Yaku. 1985;2:310-6.

[71] Ma X], Yin HJ, Chen KJ. [Research progress of correlation between
blood-stasis syndrome and inflammation]. Zhongguo Zhong Xi Yi Jie
He Za Zhi. 2007;27:669-72.

[72] Sabat R, Gritz G, Warszawska K, et al. Biology of interleukin-10.
Cytokine Growth Factor Rev. 2010;21:331-44.

[73] de Oliveira S, Reyes-Aldasoro CC, Candel S, Renshaw SA, Mulero V,
Calado A. Cxcl8 (IL-8) mediates neutrophil recruitment and behavior
in the zebrafish inflammatory response. ] Immunol. 2013;190:4349-59.


http://apps.who.int/classifications/icd11/browse/l-m/en#/http%3a%2f%2fid.who.int%2fictm%2fentity%2f256171555
http://apps.who.int/classifications/icd11/browse/l-m/en#/http%3a%2f%2fid.who.int%2fictm%2fentity%2f256171555
https://sacredlotus.com/go/diagnosis-chinese-medicine/get/differentiation-syndromes-qi-blood-fluids-tcm
https://sacredlotus.com/go/diagnosis-chinese-medicine/get/differentiation-syndromes-qi-blood-fluids-tcm
https://sacredlotus.com/go/diagnosis-chinese-medicine/get/differentiation-syndromes-qi-blood-fluids-tcm
https://tcmwiki.com/wiki/stagnant-blood
https://tcmwiki.com/wiki/stagnant-blood
https://theory.yinyanghouse.com/theory/chinese/tcm_diagnosis_meanings
https://theory.yinyanghouse.com/theory/chinese/tcm_diagnosis_meanings

