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Background. Glycan biosynthesis occurs though a multi-step process that requires a variety of enzymes ranging from
glycosyltransferases to those involved in cytosolic sugar metabolism. In many cases, glycan biosynthesis follows a glycan-
specific, linear pathway. As glycosyltransferases are generally regulated at the level of transcription, assessing the overall
transcriptional profile for glycan biosynthesis genes seems warranted. However, a systematic approach for assessing the
correlation between glycan expression and glycan-related gene expression has not been reported previously. Methodology.
To facilitate genetic analysis of glycan biosynthesis, we sought to correlate the expression of genes involved in cell-surface
glycan formation with the expression of the glycans, as detected by glycan-recognizing probes. We performed cross-sample
comparisons of gene expression profiles using a newly developed, glycan-focused ¢cDNA microarray. Cell-surface glycan
expression profiles were obtained using flow cytometry of cells stained with plant lectins. Pearson’s correlation coefficients
were calculated for these profiles and were used to identify enzyme genes correlated with glycan biosynthesis. Conclisions.
This method, designated correlation index-based responsible-enzyme gene screening (CIRES), successfully identified genes
already known to be involved in the biosynthesis of certain glycans. Our evaluation of CIRES indicates that it is usefui for
identifying genes involved in the biosynthesis of glycan chains that can be probed with lectins using flow cytometry.
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INTRODUCTION

The biosynthesis of glycan chains is a multi-step process. First, free
sugars are biosynthesized by sugar-specific metabolic pathways.
Then, these sugar molecules are further metabolized to nucleotide
sugars, which serve as donors for glycosyltransferases [1]. Specific
transporters move the nucleotide sugars to the endoplasmic
reticulum (ER) or Golgi apparatus (2], where they are utilized
by glycosyltransferases for the tandem addition of sugars to the
termini of nascent glycan chains in a sugar- and linkage-specific
manner [3]. This lengthy glycosylation process requires a great
number of different enzymes operating at various levels of
synthesis.

Thus far, more than 300 enzymes and transporter genes have
been reported to be involved in the metabolism and biosynthesis of
different glycans in diverse cell types and at various stages. Each
glycan structure has its own specific biosynthetic pathway. The
introduction of cloning expression methodology [4,5] has led to
the successful cloning of a glycosyltransferase and to the
demonstration that overexpression of a glycosyltransferase cDNA
clone can confer the capability of glycan biosynthesis in over-
expressing cells [6]. This mechanism is in contrast to that used by
protein kinases, which also act via pathway-like processes but are
often positively or negatively regulated by phosphorylation.

DNA microarray technology is very powerful because it can
simultaneously detect changes in the expression levels of a large
number of genes. In the field of glycobiology, extensive efforts
have been made to identify the genes involved in glycan
biosynthesis, and many have been shown to encode glycosyl-
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transferases of the ER or Golgi apparatus. Many of these genes
have been cloned, including those encoding large enzyme families
{7]. Given the important role of gene transcription in the
regulation of glycan biosynthesis, a glycan-focused cDNA micro-
array was developed to obtain the transcriptome of glycan-related
genes [8,9]. As the presentation of glycomic information on a cell
surface is likely to be regulated at the level of transcription of the
enzymes in biosynthetic pathways, a glycan-focused DNA micro-
array may prove useful in elucidating glycan expression [8,10].

In the present study, we analyzed the glycan-related gene
expression profiles for possible correlations with cellular glycan
expression profiles in a cross-sample manner, using Pearson’s
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correlation coefficient. This analysis successfully identified specific
genes encoding regulatory enzymes for the biosynthesis of specific
glycans, from among the candidate genes of the glycan bio-
synthesis pathways. We designated this method correlation index-
based responsible-enzyme gene screening, or CIRES (Figure 1).

RESULTS
Glycan-related gene-expression profiling using

cDNA microarrays

The rat monoclonal antibody GL7 specifically stains germinal
center B cells upon T cell-dependent antigen immunization.
We recently demonstrated that GL7 recognizes the glycan
NeudAcay_g-Galf|_4-GlcNAc-R and that the sialyltransferase
gene STO6GALI is responsible for the biosynthesis of the glycan
epitope recognized by GL7 [11]. By analyzing the correlation
between the expression profiles for sialic acid (Sia) metabolism-
related genes and the expression profiles for the GL7 epitope in
a cross-sample manner, we showed that this type of correlation
analysis was useful in screening for genes involved in the
biosynthesis of the glycan epitope. In the present study, we further
developed this systematic methodology by analyzing the correla-
tions for cross-sample comparisons between the expression profiles
for glycan-related genes and the expression profiles for various
glycans, as determined by specific lectin binding (Figure 1).

The glycan-related gene expression profiles were obtained using
total RNA isolated from six human B-cell lines cultured under
optimal conditions, and cross-sample comparisons of these profiles
were made in relation to a commercially available universal
reference RNA consisting of a mixture of polyA(+) RNA from
various organs. The gene expression profiles were determined as
a ratio of the gene expression level to the universal reference
cDNA expression level on the glycan-focused microarray ([11]; the
complete relative gene expression profiles are shown in Table S1).
Thus, the glycan-related gene expression profiles are expressed as
the ratio of the gene expression signal at each spot on the
microarray relative to the reference RINA signal.

After staining the cells with various anti-glycan probes (lectins)
of known specificity, we determined the glycan expression profiles
using flow cytometry. For each cell line, the transcriptional profile
of glycan-related genes was used for cross-sample correlation
analysis with the glycan expression profile.

Cell-surface glycan expression profiling using flow

cytometric detection of lectin staining

Cell-surface glycan expression has been extensively studied using
plant lectins that recognize specific glycan epitopes. To evaluate
whether correlation analyses of lectin staining and glycan-related
gene expression might provide useful information, we first performed
lectin staining of a set of human B cells (Daudi, KMS-12BM, KMS-
12PE, Namalwa, Raji, and Ramos) to obtain their cross-sample
profiles of lectin epitope expression. We analyzed the strength of the
correlations using Pearson’s correlation coefficient, which is
a standard, well-established method for assessing correlation. To
prevent possible bias in the lectin choice, we used 15 plant lectins
supplied in two commercially available sets.

To evaluate the efficacy of the calculations, the lectins were first
divided into two groups based on the presence or absence of
previous reports asserting a correlation between cell surface
expression of a specific lectin epitope and expression of a certain
glycosyltransferase gene. The lectins that lacked a reported
correlation were divided into highly specific (or narrow) and
broadly specific groups. The highly specific (narrow) lectins were
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further assigned to one of two subgroups according to the position
of the epitope (terminal or interior) on the glycan chain.

CIRES correlation analyses of lectin staining profiles
obtained using lectins with epitopes regulated by

known biosynthetic enzyme genes

Phaseolus wvulgaris leukoaggulutinin (PHA-L4) PHA-L4
recognizes tri- or tetraantennary N-glycans with f;_g branching
of N-acetylglucosamine (GIcNAc), which often correlates with
tumor progression [12]. Histochemical and immunocblot analyses
have shown that PHA-L4 epitope expression correlates with the
expression of the MGATS (GnT-V) gene [13], and this lectin is
commonly used as a marker for f_g-branched N-glycans. PHA-
L4 epitope expression is diminished in Mgat5-null mice [14], and
these mice exhibit enhanced rates of cytokine receptor
internalization and subsequent cytokine signaling [15]. MGATS
expression was strongly correlated with the PHA-L4 staining
profile, as shown in Figure 2A. The possible values of Pearson’s
correlation coefficient range between 1 and —1, where a value of 1
indicates complete correlation; therefore, the coefficient index
between PHA-L4 staining and MGAT5 expression (CI=0.93)
represents a highly significant correlation. Other correlated
glycan-related genes were judged to be irrelevant to the
biosynthesis of this epitope and are listed in Table S2, which
contains the complete list of microarray-wide correlations for
glycan-biosynthesizing genes.

The CIRES analysis correctly predicted that the MGATS gene
was responsible for expression of the PHA-L4 epitope. This
prediction was confirmed by retrovirus-mediated gene expression
in Namalwa B cells (Figure 2B). When a modified murine stem cell
virus (MSCV) vector carrying genes for MGAT5 and enhanced
green fluorescent protein (EGFP) divided with internal ribosomal
entry site (IRES) (MGAT5-IRES-EGFP) was introduced into
Namalwa cells, the level of PHA-L4 epitope expression was
higher in the EGFP-positive population than in the EGFP-
negative population. To rule out the possibility that viral infection
somehow altered the cell surface glycan independently of
glycosyltransferase expression, the vector carrying only IRES-
EGFP was used as a negative control. In Namalwa cells expressing
only EGFP, the EGFP-positive and EGFP-negative populations
expressed identical levels of the PHA-L4 determinant (Figure 2B).

Sambucus sieboldiana aggulutinin (SSA) SSA recognizes
%y_g-linked Sia bound to galactose (Gal) or N-acetylgalactosamine
(GalNAc). We previously showed that SSA epitope expression is
induced in CHO cells by stable transfection with the rat ST6GALI
gene [l11]. The deletion of St6gall in mice eliminated the
expression of the Sambucus nigra agglutinin (SNA) epitope [16],
which is also recognized by SSA. In the present study, the
correlation index was assessed to determine whether ST6GALI
gene expression correlated with SSA epitope expression, as
determined by flow cytometry, in six B-cell lines. Although SSA
staining in the six B-cell lines varied in intensity (Figure 2C), the
staining profiles correlated with the gene expression profiles for
ST6GAL! and a few other GlcNAc-transferase genes, including
two B¢ GlcNAc transferases and B3GNT5, which is involved in
the biosynthesis of N-acetyllactosamine (LacNAc) units on glycan
chains. These findings indicate that the SSA epitope detected by
flow cytometry might be located at the terminus of poly-LacNAc
units, which are often found on the f8,_g branch, and might extend
beyond the glycocalyx of the cell surface.

Arachis hypogaea agglutinin (PNA) PNA recognizes the Gal-
exposed core-1 structure (Galf;_3GalNAc-Thr/Ser), and the
capping of this epitope by sialylation severely reduces the affinity
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Figure 1. Schematic of the CIRES concept. The expression patterns of about 1000 glycan-related genes were profiled in a set of six different cell lines
(A-F) by comparing the microarray binding of cellular cDNA and reference polyA(+) RNA and calculating the relative expression values (Table 51). The
polygons in the left web graphs represent the relative gene expression profiles of eight glycan-related genes selected as examples. in these graphs,
the difference in relative gene expression is expressed on a log scale, where the edge of the polygon corresponds to the strongest expression in each
cell line (A-F). The same set of six cell lines were examined for cell-surface glycan expression using fluorescently labeled plant lectins and flow
cytometry; the strength of the glycan expression is plotted as relative values among the six lines, where the edge of the polygon represents the
strongest expression (web graph on top right). The glycan expression profiles were analyzed for correlations with the glycan-related gene expression
profiles. Similarities and dissimilarities between the profiles were assessed using Pearson’s correlation coefficient, which has values ranging from -1
(no correlation) to 1 (perfect correlation). A complete list of the genes found to be positively or negatively correlated with plant lectin staining
patterns is presented in Table $2. Genes known to affect the biosynthesis of an epitope were selected from among the correlated genes (shown for
each lectin in the tables on the right in Figures 2-6). A correlated gene identified by CIRES was confirmed as the gene responsible for regulating the
biosynthesis of a particular glycan by transferring the gene into another cell line of the set, via gene transfer techniques such as retrovirus-mediated
overexpression, and looking for a related change in epitope expression.

doi:10.1371/journal.pone.0001232.g001
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Figure 2. CIRES analyses of staining profiles obtained using lectins with known epitope expression-regulating enzymes. (A, C, D) Expected
glycan structures for lectin recognition (left), web graphs of the lectin staining profiles (depicted as polygons) obtained using a set of six B-cell lines
(middle), and the correlation indexes (Cl, Pearson’s correlation coefficient for profile matching) of the relevant genes that correlated with the plant
lectin staining profiles and the P values of the correlations (right). The correlation orders of the glycan-related genes selected from the complete list
of correlated genes (Table S2) are indicated as numbers in parentheses in the box for each gene, with a smaller number indicating a stronger
correlation between gene expression and glycan expression profiles. Genes with a negative correlation are indicated by an N before the order
number. The lectins used were (A) PHA-L4, (C) SSA, and (D) PNA. Lectin epitopes shown in the figures are taken from the literature unless otherwise
specified [17,51]. (B} Namalwa cells were infected with MSCV harboring MGATS-IRES-EGFP. Control cells were infected with empty vector (/RES-EGFP)
or the same vector encoding B3GNT2 or MGAT3. Flow cytometry results for PHA-L4 staining were compared between EGFP-positive cells (solid line)
and EGFP-negative cells (dashed line).

doi:10.1371/journal.pone.0001232.g002

of the interaction [17]. Diminished PNA epitope expression ST3GALI expression profile (Figure 2D). Thus, our correlation

reportedly coincides with an increase in oy_g sialyltransferase index analysis is able to not only identify a positive correlation but
activity, which sialylates the Gal residue [18]. This change was also reliably predict a negative correlation for a gene involved in
shown to occur during thymocyte maturation, in which PNA- the expression of a lectin glycan epitope.
positive cortex cells mature into PNA-negative medulla thymocytes. Taken together, these results suggest that correlation indexing
In a mouse model, the deletion of St3gall caused a deficiency in the can be used to identify genes responsible for regulating cell surface
derepression of PNA reactivity during thymocyte development and expression of glycan epitopes, as determined by flow cytometry
eventually resulted in deficient CD8" T cell maturation [19]. based on lectin binding. We designated this methodology as
The above findings suggest that the expression pattern of the correlation index-based responsible-enzyme gene screening, or

PNA epitope might be positively affected by core-1 glycan CIRES. After confirming that CIRES could be used to predict the
biosynthesis and negatively affected by capping. Indeed, we found genes involved in the biosynthesis of the glycan epitopes for these

a negative correlation between PNA epitope expression and the lectins (Figure 2), we used CIRES to assess the genes responsible
@ PLoS ONE | www.plosone.org 4 November 2007 | Issue 11 | e1232



for the staining profiles of other plant lectins, as determined by
flow cytometry.

CIRES correlation analyses of lectin staining profiles
obtained using lectins that recognize specific
terminal glycan structures and have unknown

epitope expression-regulating enzyme genes

Lens culinaris aggulutinin (LCA) We assessed the staining
profiles of lectins that recognize terminal structures of glycan
chains. LCA recognizes the biantennary N-glycan chain with core
o1 linked fucose (Fuc) attached to the chitobiose [20]. The
presence of a core Fuc in the N-glycan of the Fc region of IgG
severely represses the antibody-dependent cellular cytotoxicity
activity of the antibody [21]. The expression of FUT8 has been
shown to be responsible for the biosynthesis of a core Fuc on N-
glycans [22], but a correlation between FUT8 gene expression and
cell surface LCA staining has not been demonstrated in flow
cytometry experiments.

Our analysis of the LCA staining profile and FU78 expression
profile revealed a correlation (Figure 3A), although it was weaker
than those for the three lectins described above (Figure 2). We also
noted that MGAT4b gene expression negatively correlated with the
LCA staining profile (Table S2). Considering that the presence of
additional antennae on the N-glycan inhibits LCA binding [17],
this type of negative correlation could be quite informative;
however, in this case, no evidence was reported indicating that
MGAT4b expression reduces the detection of the LCA epitope by
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flow cytometry. Nevertheless, CIRES is useful in predicting the
genes involved positively or negatively in the biosynthesis of glycan
epitopes.

Ulex europaeus agglutinin-I (UEA-I) UEA-1 recognizes
oj_o-linked Fuc on type-2 LacNAc, which is involved in forming
the epitope of H-type human red blood cell antigen [23]. UEA-L
staining did not reveal a significant positive correlation with the
expression of the gene for o_ fucosyltransferase, which is involved
in the biosynthesis of this linkage (Figure 3B). Instead, a prominent
negative correlation was found with the expression profile of
ST3GALG, which has a preference for type-2 LacNAc substrates on
both glycoproteins and glycolipids [24].

In theory, UEA-I binding should be affected by the expression
of FUTI or FUT?2, as they encode the proteins responsible for H
antigen biosynthesis, and by the expression of A or B transferase,
which can cap the H antigen to reduce the affinity {25]. However,
the sequence similarity between the A and B (and also O)
transferase genes prevented their differentiation in the microarray
experiments. Redundant regulation by FUTI and FUT2 in these
cells may be the reason that no positive correlation with UEA-I
epitope expression was observed. Alternatively, these data may
suggest that negatively correlated ST3GALS6, which utilizes the
same substrate as fucosyltransferases, may compete with the
biosynthesis of this epitope by prior sialylation of the fucosyl-
transferase substrate(s).

Ricinus agglutinin  (RCA120) RCAI20
preferentially recognizes terminal LacNAc structures found in
various classes of glycans. These LacNAc structures are

communis
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Figure 3. CIRES analyses of staining profiles obtained using lectins that recognize terminal glycan structures and have unknown epitope-
expression-regulating enzymes. Presentation is the same as in Fig. 2 except that the plant lectins used were (A) LCA, (B) UEA-}, and (C) RCA 120. N.D.
in the gene order list indicates that no gene was determined to have a correlation with the lectin staining.

doi:10.1371/journal.pone.0001232.g003
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biosynthesized by a large group of B4GalT [26] and proximal
GlcNAc-transferase family enzymes. The RCA120 staining profile
revealed no obvious correlation with the genes for the enzymes
known to be involved in this biosynthetic pathway (Figure 3C).
Given our earlier correlation results identifying a terminal
glycosyltransferase as being responsible for LacNAc expression
(e, sialyltransferase for SSA), this result was not surprising. It
indicates that the abundant expression of LacNAc structures
ensures the detection of a correlation between a terminal enzyme
expression profile and the expression of a terminal glycan detected
by flow cytometry. Moreover, capping of LacNAc should have
a negative effect on its recognition by RCA120, which would make
the detection of epitope expression more complex. It was clear that
this procedure is not universally effective for lectin epitopes but
that the effectiveness of the procedure depends on the type of
glycan recognized by a lectin.

CIRES correlation analyses of lectin staining profiles
obtained using lectins that recognize specific
internal glycan structures and have unknown

epitope expression-regulating enzyme genes
Datura stramonium agglutinin (DSA) DSA recognizes tri-
and tetraantennary N-glycans. It is specific for GlctNAc f8,_4-Man
oj_g-branched triantennary N-glycan [27,28], which is
biosynthesized by MGAT4a and MGAT4b. In our experiments,
the DSA staining profile resembled that of PHA-L4, and thus the
two lectins correlated with similar genes, most prominently
MGAT5 (Figure 4A). This result could be explained by the fact
that the addition of a §;_g branch increases the preference of DSA
for a ligand, even though MGAT4a/b activity is required. Ihara et
al. have reported that DSA staining correlates with the expression
level of MGAT5 in in wiro-differentiated GOTO cells [29],
suggesting that MGAT5 may also be involved in the biosynthesis
of the optimal DSA epitope, with a tetraanntenary glycan.
Consistent with this idea, the introduction of MGAT5 into
Namalwa cells resulted in a 60% increase in DSA staining (Mean
fluorescence intensity (MFI), 1986), compared with control (MFI,
1247) (Figure 4B). Interestingly, when MGAT3 was introduced into
Namalwa cells, DSA epitope expression was subtly suppressed (MFI,
961) compared with control expression (MFI, 1222), possibly due to
the competitive relationship between MGAT3 and MGATS5 [30]
(Figure 4B). These effects appeared to be specific, because no obvious
shift was seen in cells with introduced B3GNT2.

Phaseolus vulgaris erythroagglutinin (PHA-E4) The
staining profile of PHA-E4 was similar to those of PHA-L4 and
DSA. This result was unexpected because PHA-E4 recognizes
bisecting GlcNAc-containing biantennary N-glycans, which
comprise a type of glycan distinct from the PHA-L4 epitope.
Owing to the similarity among the staining patterns of these three
lectins, a correlation was also found between PHA-E4 staining and
MGATS5 (Table S2), but PHA-E4 staining did not correlate with
MGAT3 (GnT-1II), which is the GlcNAc transferase gene expected
to correlate by virtue of its known epitope specificity (Figure 4C).
However, when we overexpressed MGAT3 in Namalwa cells, the
MFI value of PHA-E4 staining increased, from 873 in the control
population to 1868 in the EGFP-positive population (Figure 4D).
Thus, the expression level of MGAT3 appears to be important for
PHA-E4 epitope biosynthesis, as expected. The overexpression of
MGAT5 had no effect on PHA-E4 binding; the MFI value was 899 in
the control population and 866 in the EGFP-positive population.

When we stained the membrane fractions from the six B-cell
lines using PHA-E4 in lectin-blot analyses, the blot and FACS

_ signal strengths differed, as seen in the shape of the staining profile

@ PLoS ONE | www.plosone.org
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(Figure 4E), and MGAT3 expression did not correlate with the
signal strength on the lectin blot. Somewhat consistent with our
result, Miyoshi et al. reported that MGAT3 expression levels did
not necessarily correlate with cell-surface staining of the PHA-E4
ligand in flow cytometry experiments, although co-expression was
found in lectin-blot experiments [31]. Thus, our results support the
suggestion of Miyoshi et al. that the cell-surface expression level of
the PHA-E4 ligand epitope may be regulated by factor(s) other
than MGAT3 expression. Consistent with this idea, they also
reported that the presence of bisecting GlcNAc negatively affected
the sorting of glycoproteins to the cell surface [32].

CIRES correlation analyses of lectin staining profiles
obtained using lectins that recognize multiple

glycan structures

Some of the lectins used in the present study had mixed or
heterologous specificity. We assessed the correlation indexes for
the staining profiles of these lectins.

Maackia amurensis lectin (MAM) MAM is a mixture of
two lectin subunits, MAL and MAH. MAL binds to Sia ay_3-
LacNAc structures [33], whereas MAH preferentially recognizes
disialylated structures found in O-glycans [34]. Of the known
sialyltransferases, ST3GAL3, ST3GAL4, or ST3GAL6 may
synthesize the MAL epitope, and ST8s may synthesize
disialylated glycans. Correlation-index analyses showed that
ST3GAL3 and B3GNTZ may be responsible for the expression of
the epitope in the six B-cell lines (Figure 5A). This is consistent
with a previous report that repeating LacNAc units enhance MAL
binding [35]. The MAL binding preference seemed to be more
important than that of MAH in this CIRES prediction based on
MAM staining and flow cytometry. As expected from its positive
correlation with B3GNT2 expression, the MAM epitope showed
increased levels in Namalwa cells overexpressing B3GNT2,
whereas overexpressed MGAT3 was negatively correlated with
the MAM staining profile, owing to the suppression of MAM
epitope expression (Figure 5B). Thus, the MAM epitope may be
preferentially biosynthesized on LacNAc units of the f§,_g branch
of N-glycans. Alternatively, MGAT3 expression may change the
sorting of the protein carrying the MAM epitope. Taken together,
these results indicate that the expression of correlated genes can
have an additive regulatory effect (positive or negative} on the cell-
surface presentation of a lectin epitope.

Triticum vulgaris agglutinin, wheat germ agglutinin
(WGA) WGA is thought to preferentially recognize clustered
N-acetyl groups found in N-acetylneuraminic acid (Neu5Ac),
GlcNAc, and GalNAc. NeuSAc is often a major WGA ligand
because the Sia density on the termini of glycan chains tends to
increase for the highly branched N-linked glycans [17]. The affinity
of WGA for Sia was exploited in the isolation of Lec mutants in
CHO cells [36]. The density of the N-acetyl group can also be high
in the I-branched f,_s GlcNAc-containing glycans [17].

The WGA staining profile correlated strongly with the
expression profile of the ST6GALI gene and weakly with that of
the ST3GAL3 gene (Figure 5C). (These genes were previously
known as $T6N and ST3N, respectively [37].) Since WGA binding
to sialylated glycans increases with the degree of sialylation, this
correlation pattern seems to indicate that the supply of the
substrate LacNAc is ample and that expression. of the terminal
sialyltransferases determines the expression level of the WGA
epitope. Among these sialyltransferases, ST6GALI! appeared to
play a more prominent role in biosynthesis in the B-cell lines used
in this study. In addition to the I-branching f,_¢ GlcNAc
transferase [38], GCNTZ2 expression also correlated with WGA
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Figure 4. CIRES analyses of staining profiles obtained using lectins that recognize internal glycan structures and have unknown epitope-
expression-regulating enzymes. Presentation is the same as in Fig. 2 except that the plant lectins used were (A, B) DSA and (C-E) PHA-E4.N.D. in the
gene order list indicates that no significant correlation was detected. (B, D) Flow cytometric staining patterns for EGFP-positive Namalwa cells are
shown in bold lines, and those for EGFP-negative (control) cells are shown in gray dashed lines. The overexpression of MGATS5 resulted in a subtle
(60%) increase in DSA staining. The overexpression of MGAT3 resulted in a 2-fold increase in PHA-E4 staining. (E} PHA-E4 lectin blotting was
performed using the membrane fraction of the same set of cell lines. A plot of the quantified signals reveals differences in the PHA-E4 staining profile
among the six cell lines (C, E), as discussed in the text.

doi:10.1371/journal.pone.0001232.g004

staining, probably reflecting the GicNAc-binding aspect of WGA. Canavalia ensiformis lectin (Con-A) The modification of
In a case such as this one, the correlation of the genes identified by N-glycans occurs following the transfer of lipid-linked Gles-Mang-
CIRES may appear to be additive, but a lack of exclusivity tends GIcNAc, to nascent N-glycosylated protein by oligosaccharyl-
to reduce the correlation index for each gene. transferase in the ER [39]. Con-A recognizes mannose (Man)-
@ PLoS ONE | www.plosone.org 7 November 2007 | Issue 11 | e1232
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comparison with the vector control (data not shown).
doi:10.1371/journal.pone.0001232.g005

containing N-glycans to various degrees; it binds preferentially to
high-mannose N-glycans, followed by hybrid-type N-glycans, and
has the least affinity for complex-type N-glycans. In theory,
oligosaccharyltransferase activity is required for the expression of
the Con-A epitope, whereas mannosidase expression is inhibitory.
Con-A staining profiles revealed a subtle but significant negative
correlation with the expression of the mannosidase genes MANIBI
and MAN2A42 (Figure 5D). Thus, the mannosidases encoded by these
genes may control the expression of high-mannose N-glycans on the
cell surface. Alternatively, other factors such as the expression of the
protein moiety of the glycoconjugate could determine the expression

@ PLoS ONE | www.plosone.org

of the Con-A epitope, given that the number of proteins reported to
carry high-mannose glycans is limited.

Agaricus bisporus aggulutinin (ABA) ABA recognizes Gal-
exposed core-1 structures that are similar to the PNA epitope, but
in contrast to PNA, ABA can recognize sialylated structures [40].
In B cells, ABA staining was similar to PNA staining and was
negatively correlated with ST3GAL! expression (Figure 6A).
Consistent with this negative correlation, ABA binding was
increased in Daudi cells treated with sialidase (Figure 6B),
similar to the enhanced binding of PNA observed upon sialidase
treatment. This effect occurred with both a broad-range sialidase
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(Arthrobacter ureafaciens sialidase, AUS) and the «ys-linked Sia-
specific Salmonella typhimurium sialidase (Figure 6B), indicating that
sialylation, which probably occurs on the core-1 Gal residue,
somehow inhibits recognition by ABA.

B3GNT5 expression positively correlated with ABA staining. In
fact, a recent study has shown that ABA has dual specificity for
glycan chains, recognizing both Gal-exposed O-glycans and
GlcNAc-exposed N-glycans (41]. Whether the GIcNAc residue
biosynthesized by the GlcNAc transferase is uncapped on the cell
surface is unknown, but some ABA binding to GIcNAc may
contribute to the increased correlation index of B3GNT5 as
compared with that for PNA, which showed an otherwise similar
staining profile for the correlated genes.

Overall findings

As confirmed by staining with various plant lectins, CIRES
successfully identified enzyme genes known to be involved in the
biosynthesis of lectin-binding determinants. When an unbiased set
of 15 lectins was analyzed for binding to six B-cell lines, 12 of the
lectins showed significant staining. Correlation assessment of these
staining profiles identified the enzyme genes that are apparently
responsible for the expression of the specific epitopes for nine
lectins. In general, lectins that recognize terminal structures of the
glycan chain tended to yield the most reliable correlation with the
responsible genes.

A ABA epitopes

ESerﬂ hr

Genetical Glycobiology

Interestingly, CIRES also found negative correlations for some
epitopes, which is consistent with the fact that CIRES results are
highly dependent on the regulatory mechanisms of glycan epitope
expression, some of which are negative (i, capping of an epitope by
further glycosylation). Finding negative relationships is difficult in
normal biological experimental setups but may have been possible
using CIRES because of the unbiased correlation coefficient
calculation resulting from the large set of cross-sample comparisons.

DISCUSSION

CIRES correlation analysis of glycan-related gene
expression and binding of anti-glycan probes such

as lectins

The functional glycans expressed on a cell surface can encode
biological information. Although glycan-glycan interactions are
important in determining the biological consequences of some
glycosylations [42], glycan-binding proteins are the major target of
functional glycans. Thus, the binding of glycan-specific proteins
can be highly informative in decoding the glycomic information of
an organism [43], making glycan-binding proteins a rational
choice for the analysis of glycan expression. Although the
identification of the proteins that bind best to each glycan is no
doubt important given the role of glycan-binding proteins in
glycan recognition in an organism [44,45], here we opted to
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Figure 6. CIRES analyses of staining profiles obtained using the lectin ABA. (A) Presentation is the same as in Fig. 2 except that ABA was used. (B)
Effect of sialidase treatment on the binding of ABA and PNA in B cells. (See text for the specificity of the sialidase and Fig. 2D for the PNA epitope.)
Mean fluorescence intensity (MFI) values for the staining with each lectin (bold lines) are shown at the top. Dashed lines indicate the results from the

non-staining control.
doi:10.1371/journal.pone.0001232.9006
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identify the genes involved in the biosynthesis of specific glycans
because, as the glycan-biosynthesis enzymes are responsible for
producing the glycan ligands, this information will help elucidate the
regulation of biological events mediated by glycan-binding proteins.

Systematic methodological merit of CIRES

The experimental setup for CIRES is relatively simple. Briefly, we
first made a cross-sample comparison of glycan-related gene
expression profiles using ¢cDNA microarrays. This technique
yielded the relative expression level for each gene as compared
with a universal reference RNA, producing an expression profile
for each gene. We then used anti-glycan lectin probes to obtain
binding profiles in the same cell lines and compared the two types
of profiles. We used the same cross-sample profiles of glycan-
related gene expression for the correlation analyses of all the
lectins examined in this study.

The cells that we used for gene expression profiling are available
either commercially or from a non-profit cell rescurce center
(Japanese Collection of Research Bioresources; JCRB). All cells were
cultured under commonly used conditions and were used in
logarithmic growth phase. Under these conditions, the glycan
expression phenotype obtained by lectin staining tended to be
uniform within a cell line and unique for each cell line. Thus, the
data obtained by lectin staining with excess probe were suitable for
determining the mean fluorescence intensity (MFI) of lectin staining.

This method compared the relative glycan expression profiles of
cell lines whose cellular size and character might not be uniform;
therefore, we normalized the staining signal by using the ratio of
the stained sample MFI to the control MFIL This eliminates the
absolute glycan expression signals and normalizes the relative
expression results to the staining and data acquisition conditions.

The statistical analysis is the core of the CIRES method. Since
glycosylation follows a defined pathway, we could have set up an
algorithm suitable for the correlation analyses. However, we chose
to use the well-established Pearson’s correlation coefficient for the
analyses. Regardless of the calculation method, correlatons were
detected even when the profiles did not completely match. Based
on these calculations, a list of genes can be ordered according to
the strength of their correlation. This list might be useful in
designing further experiments to confirm biological functions.

In glycan biosynthesis, not all relationships are positive in
nature, and some lectins used in this study yielded negative
correlations. Thus, it is possible to detect dominant inhibitors of
specific glycan biosynthesis steps using CIRES. Moreover, in
theory, CIRES is not limited to glycan biosynthesis but could be
used in any system for which numeric phenotypic expression
results (such as glycan expression) can be obtained for a set of
cultured cells. The correlation of non-glycosylation phenotypes
with gene expression in the same system should be possible.

Systematic methodology for using microarray data
in CIRES

One limitation of the standard microarray technique is that it can
only detect the relative cDNA expression levels of two samples.
This was actually useful when we took the ratio of the signal for
each gene relative to that for reference RNA, thus circumventing
the microarray problems associated with spot-to-spot variation
and hybridization variation for different nucleotide sequences.
Almost all of the spots hybridized with universal reference RNA
(data not shown). Normal, uniform cell culture conditions were
used in this experiment to maximize reproducibility.

In order to calculate the gene expression ratios in a cross-sample
manner, we wanted to avoid negative signals in the microarray
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scans. To do this, we directly used the raw data, instead of
applying a cut-off value to the microarray signal by deducting the
local background signal from the raw spot signals. We consider this
to be a valid option, because we confirmed that the scanner
readout after hybridization was reproducible, even for spots
yielding weaker signals, and that both options yielded a similar
order of relative strength (data not shown).

Normalization was also important because the array results
were compared in a cross-sample manner. Sum-based normaliza-
tion was applied to obtain better correlation coefficients for proven
lectins (data not shown). The validity of the calculations was
dependent on the use of a consistent standard, making a universal
reference essential for the cross-sample comparison. In general, the
microarray results tended to be more consistent for stronger
hybridization signals than for weaker signals.

Expected and unexpected findings with CIRES

For an epitope whose expression is regulated by a single gene
product in its biosynthetic pathway and for which the supply of
substrate for that biosynthetic reaction is abundant, CIRES will
identfy the gene involved in the biosynthesis of the epitope. The
finding that the RCA120staining profile did not correlate with
a specific glycosyltransferase was therefore not surprising, because
it binds LacNAc. Generally, we obtained better correlation
coefficients for epitopes created by terminal modifications of
LacNAc. CIRES was also useful in identifying major genes
responsible for epitope capping, which is negatively correlated
with glycan expression, as in the case of PNA.

Our CIRES results tended to show correlations with the
GlcNAc transferases. This may result from the use of flow
cytometry to detect lectin binding, and thus glycan expression,
because lectin staining preferentially detects glycans that extend
beyond the glycocalyx. Moreover, the level of epitope expression
may not linearly correlate with the lectin signal, because lectins
tend to form multimers. As poly-LacNAcs are the usual core units
for the presentation of some functional glycan epitopes, GIcNAc
transferases found to correlate could also be important for the
epitope presentation suitable for lectin-based recognition.

Thus far, we have not identified any enzymes other than
glycosyltransferases that strongly correlate with epitope expression
levels. However, a subtle negative correlation was noted between
the expression of the Con-A epitope and mannosidase expression.
Our failure to identify additional enzymes might have resulted
from the limited number of lectins available to us. In theory, other
factors involved in biosynthetic pathways, such as factors involved
in sugar-nucleotide biosynthesis or transport, could also regulate
glycan expression on the cell surface.

Limitations of CIRES

Specific probes are unquestionably important for the successful
application of CIRES. The most important aspect of lectin
specificity is not affinity for the glycan ligand but rather the
exclusivity of the enzyme. To calculate statistically significant
correlations, a set of cell lines expressing different amounts of the
target glycan should be used. The uniform expression of the target
glycan in the cell set is undesirable.

To evaluate this methodology, we used the plant lectins that
have been used extensively in other glycan studies. Since the
correlations are identified by statistical calculations alone, we first
assessed those lectins that had already been correlated with specific
enzyme genes, to test for the identification of genes that matched
glycan expression only by chance. Therefore, when CIRES is
applied using uncharacterized glycan-binding probes, the bi-
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ological relevance of the correlated genes must be confirmed by
altering their expression in the cells. This requirement could be
viewed as a limitation of the system. However, the alteration of
target glycan expression has been an enduring and major objective
of glycobiological experiments concerning lectins. As indicated in
Figure 1, the CIRES methodology includes confirmation of the
correlation by using glycan-related gene overexpression or
silencing. Confirming biological relevance via the transfer of
a correlated gene has the additional benefit of providing cells with
a different expression level of the epitope of interest, which can be
valuable for further assessment of lectin recognition in biological
systems. Changing the cell surface expression of glycans for
specific anti-glycan probes has been difficult, because the rate-
limiting glycosyltransferase must be identified and overexpressed.
Thus, allowing for a glycan-related gene transfer procedure that
produces glycan-altered cells for further experiments is a major
merit of the CIRES methodology.

CIRES alone cannot identify the specific glycan structure to
which an anti-glycan probe binds; at the same time, knowledge of
the structure of interest does not necessarily mean that modifying
its expression on cells is possible. Using the CIRES method will
likely result in the production of cells with modified glycan
expression, but the actual structure bound by the probe may be
unknown. This situation is somewhat similar to that of glycan-
array binding studies, in which the probe that binds best on the
glycan array does not necessarily bind the same glycan on the
array as on cells and the identification of the glycan structure does
not always result in the identification of the relevant biosynthetic
enzyme. Thus, CIRES could be combined with conventional
glycan-binding assays [44—46] to determine the specificity of
glycan binding in a set of glycans and to identify the gene that
modulates glycan expression on the cell surface, from among the
pathway component enzymes. Thus, CIRES is a highly useful
genetic strategy for studying the functionality of the interactions
between glycans and glycan-binding proteins in cell-based systems.

MATERIALS AND METHODS

Reagents and cell culture

Two commercially available sets of biotin-conjugated plant lectins
(Plant Lectin Set I and II) were obtained from Seikagaku (Tokyo,
Japan). R-Phycoerythrin-conjugated streptavidin was obtained from
Caltag (USA). The B-cell lines Daudi, Namalwa, Raji, Ramos,
KMS-BM, and KMS-PE were obtained from the Japanese
Collection of Research Bioresources and were cultured in RPMI
1640 medium supplemented with 10% fetal bovine serum, sodium
pyruvate, non-essential amino acids, and 2-mercaptoethanol.

DNA microarrays

Gene expression profiling of the six B-cell lines was performed
using a glycan-focused cDNA microarray (RIKEN human
glycogene microarray, version 1) and a GEO Platform (GPL
#3465) and compared with reference RNA (Clontech, USA) to
create GEQ Series GSE 4407, as reported elsewhere [11].

Flow cytometry

A total of 2.5 x 10° B cells in 100 pl FACS buffer (1% BSA and
NaNj in PBS(-)) was incubated with excess biotinylated plant
lectin probes at room temperature for 30 min. R-Phycoerythrin-
or FITC-conjugated streptavidin was used to detect lectin binding.
Data were obtained using FACScan or FACSCaliber (BD
Biosciences, USA) and analyzed using FlowJo (Tristar, USA) or
Cellquest software (BD Biosciences, USA). To cross-compare
staining signals between cell lines, the mean fluorescence intensity
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(MFI) of the background staining was adjusted to around 10, and
the relative staining signal was expressed as the ratio of sample
MTFI divided by the control MFL

Statistical analysis

Fluorochrome signals on the microarray were acquired by an
array scanner (Affymetrix 428) without background subtraction
and were then background-corrected using a smoothing function
[47]. They were then Lowess normalized using Linear Models for
Microarray Data (LIMMA) [48] and the software program R [49].
Inter-array normalization was not used in cross-sample compar-
isons, as it seemed to cause over-normalization.

The signal from the B-cell lines was divided by the signal from
the universal reference RNA [11] to obtain the relative expression
profile for each gene in each cell line (Table SI). The gene
expression profiles were compared with the lectin staining profiles
obtained by flow cytometry. Similarities between the profiles were
evaluated with Pearson’s correlation coefficient, and probability
values (P) were calculated using the correlation coefficient test. For
a sample size of six, a correlation coefficient of 0.81 indicates
a statistical significance level of 5%. The genes that correlated with
lectin staining by this method were ranked according to
correlation strength (Table S2), and this list was examined for
genes that appeared to be relevant to previously reported lectin
glycan epitopes and glycan biosynthetic pathways (Figure 1).

Retrovirus-mediated transduction of glycan-related

genes

Retroviruses were prepared and were used to infect Namalwa
cells, as reported previously [11]. Briefly, full-length glycosyltrans-
ferase cDNA was cloned into a modified MSCV vector, which
expressed cDNA and EGFP via an internal ribosome entry site.
The plasmid was transiently transfected into Plat-A packaging cells
[50], and retrovirus-containing supernatants were collected.
Namalwa cells were spin-infected (2000 rpm, 32°C, 120 min)
with the retrovirus in the presence of 6 pg/ml polybrene.

The retrovirus-infected cells were cultured for 2 days after
infection before analysis by flow cytometry. EGFP-positive and -
negative cells were regarded as infected and non-infected cells,
respectively. The staining of these two populations was used as the
control.

Lectin blotting

B cells were sonicated in detergent-free lysis buffer [10 mM Tris-
HCI (pH 7.6), ] mM DTT, 1 mM EDTA, 0.25 M sucrose, and
protease inhibitor cocktail (Roche)]. Postnuclear supernatants
were further ultracentrifuged, and the pellets (membrane fraction)
were resuspended in lysis buffer. The suspensions were subjected
to lectin blotting with HRP-conjugated PHA-E4. The signal
intensity was measured by exposure of the membrane to LAS300
(Fujifilm, Japan).

Sialidase treatment

Sialidase treatment was carried out as reported elsewhere [11].
Briefly, Daudi cells were incubated with sialidase in 100 mM sodium
acetate (pH 5.2) at room temperature prior to lectin staining.
Sialidases from Arthrobacter ureafaciens (AUS; Calbiochem, San Diego,
USA) and Salmonella typhimurium (Takara, Kusatsu, Japan) were used.

SUPPORTING INFORMATION

Table S1 Complete gene expression profiles obtained from
cDNA microarray: Fluorescent Cy3 (universal reference) and Cy5
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(each Bcell line) readout data were acquired from the array
scanner and following statistical calculations were applied using
the software program R. First, background was corrected using
“Edward method”. Each data was then normalized using Linear
Models for Microarray Data (LIMMA) to correct bias between
fluorescent dyes. Finally, the Cy5 signal from the B cell lines was
divided by the Cy3 signal to obtain the relative expression profile
for each spot and resultant relative values were shown in columns I
through N for each cells. Column A shows serial number of all
spots on microarray and column B through E show physical
location of all spots on glass slide-based cDNA microarray.
Found at: doi:10.1371/journal.pone.0001232.5001 (0.31 MB
XLS)

Table $2 Lists of correlated genes with lectin staining: This is an
Exel file consists of 14 worksheets. First sheet shows full list of
genes spotted on the Glycan-focuesed microarray and their gene
ID numbers. Following sheets are the lists of genes that exhibited
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] Level Descriptor

0001829 0 SR Body Region

0000005 + ASEE Abdomen

D03484t. 2 BREE Abdomino! Cavity
£O10537 3 MR Peritoneum

D0e43t2 4 S USAE Douglas’ Pouch
0008643 4 JRARAA Mesentery
DooBE4E S BAARRAEE Mesocolon
0009852 4 i Omentum

DOIS2S 4 BRI Peritonoal Covity
0054048 4 FREBR T Peritoneal Stoma
Dot2187 3 SRIEREY Retraporitoneal Space
003486t 2 R Abdominal Walt
o051ty 2 FAES Groin

007264 2 FRAEET Inguinal Camat
Do4472 2 B Umbilicus

DO0I41S  t FHP Back

0008161 2 EB{UBE Lumbosacral Region
D012445 2 {UEBBEE Sacrococeygeat Region
0001940t FLE Breast

0042361 2 ERILER Human Mammary Gland
pO09sSE8 2 FLIA Niopte

DO05121 3 EEfE Extromities

0000672 2 YIBUE Amputation Stump
0035002 2 FER Lower Extremity
poozogt 3 R Buttoek

0005528 3 2 Foat

DO0084Z 4 R Ankle

0005545 4 2% Human Forefoot
DoOs6ss 5 SR Metatersus
Do4034 5 DEE Yoo

0006214 6 B Hallux

D00BI6ES 4 i Heo

0006615 3 B Hip

pooyni? 3 B Koee

DOo88E 3 8 Leg

DO13848 3 KREE Thigh

0034947 2 k& Upper Extremity
DO01I32 3 B Arm

DO01365 & B Axilia

0004550 3 Bt Eibow

D00s542 3 BB Forearm

0006228 3 F Hand

D0OO538s 4 FiE Finger

DO13933 5 S Thumb

DO0SEE 4 $F Meotacorpus
0014953 4 FH wist

Do12782 3 B Shoulder



iD Level Descriptor

D001828 0 B{kSEIk Body Region

DO0000S 1 BEER Abdomen

D034841 2 IR Abdominal Cavity
D010537 3 B Peritoneum

D004312 4 HHSRE Douglas’ Pouch
D008643 4 BREE Mesentery

D008646 5 BB Mesocolon
D009852 4 8 Omentum

D010529 4 BIERE Peritoneal Cavity
D054048 4 BIEBA—< Peritoneal Stoma
D012187 3 HBMERE Retroperitoneal Space
D034861 2  HNEE Abdominal Wall

DO06119 2 RS Groin

0007264 2 REE Inguinal Canal

D014472 2 B4 Umbilicus

D001415 1 7§ Back

D008161 2 & Lumbosacral Region
D012445 2 {URBE Sacrococcygeal Region
D001940 1 5LB Breast

D042361 2 ErELER Human Mammary Gland
D009558 2 FLER Nipple

D005121 1 MRk Extremities

D0O00672 2 Viliss Amputation Stump
D035002 2  TFHX Lower Extremity

D002081 3 BB Buttock

D005528 3 R Foot

D000842 4 BY Ankle

D005545 4 Eh2% Human Forefoot
DO08684 5 B2 Metatarsus

D014034 5 DFE% Toe

DO06214 6 BEL Hallux

D006365 4 Heel

DO066I5 3 B Hip

D00771i7 3 B Knee

DO07866 3 B Leg

D013848 3 XBE Thigh

D034941 2 EBE Upper Extremity

DO01132 3 Arm

D001365 3 BE Axilla

D004550 3 Bt Elbow

D005542 3 ¥ Forearm

D006225 3 F Hend

D005385 4 Fi8 Finger

DO13933 5 B Thumb

DO0C8663 4 PE Metacarpus

D014953 4 FEH Wrist

DM2782 3 78 Shoulder

D006257 1 FASE Head

D0O04423 2 H Eer

D005145 2 BEE Face

D002610 3 ¥ Cheek

D002680 3 Chin

DO0S123 3 B Eye

D005138 4 B Eyebrow

D005143 4 BBB& Eyelid

DO05140 5 B¥E Eyelash

D00S546 3 BiEE Forehead

DO09055 3 0 Mouth

DO0804S 4 B Lp

D009666 3 A Nose

0035421 3 HTRREE Parotid Region
D012535 2 EAK Scalp

0019281 2  FAEE Skull Base

D035262 3 HISEEE Anterior Cranial Fossa
D035301 3 hEAFEE Middle Cranial Fossa
D003388 3 #HEAEE Posterior Cranial Fossa
D009333 1 B Neck

D010388 1 B3k Pelvis

D017773 2  BMRE Pelvic Floor

D010502 1 =& Perineum

D013908 1 KRB Thorax

D035423 2  BIE® Thoracic Cavity

D008482 3 #® Mediastinum

D035422 3 BAERER Pleural Cavity
D035441 2 B9RE Thoracic Wall

D014781 1 ARk Viscera

D009141 0 FEEIER Musculoskeletal System
D002356 1 #E Cartilage

D051472 2 F{EMB Elastic Cartilage
D004425 3 HAMKA Ear Cartilage
D007817 3 HRTESX R Laryngeal Cartilage
D001193 4 HWRPB Arytenoid Cartilage
D003413 4 BARBE Cricoid Cartilage
D004825 4 RIHE Epiglottis

D013957 4 BiREB Thyroid Cartilage
D051445 2 {RHBB Fibrocartilage
D007403 3 #PAN4R Intervertebral Disk
D008592 3 BEHH Tibial Meniscus
DO51478 3 ZHBYRRA Trangular Fibrocartilage
D051457 2 BSF#F Hyaline Cartilage
D002358 3 BAEEER B Articular Cartilage
D007817 3 MRUAMXE Laryngeal Cartilage
DO01193 4 HEKB Arytencid Cartilage
D003413 4 BIRKB Cricoid Cartilage
D004825 4 WRIAE Epigiottis

DO13957 4 BiREXB Thyroid Cartilage
D009300 3 AP Nasal Septum
D005205 1 f5ER Fascia

D005206 2 KBRAIBI Fascia Lata

D008022 1 ¥ Ligament

D001956 2  FEILMME Broad Ligament
D008023 2 AEFEI% Articular Ligament
po16118 3 Bi+FEF Anterior Cruciate Ligament
DO17885 3 BIRIES® Collateral Ligament
D017844 4 SEEIE Ankle Lateral Ligament
Dpo17888 4 BRI BIEIEI$H Knee Medial Collateral Ligament
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DO010609
D049631
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MW Longitudinal Ligament

BEHE Patellar Ligament

#+FH% Posterior Cruciate Ligament
FEMFR Round Ligament

BREY Muscle

HiR# Muscle Fiber
HEFRH Fast-Twitch Muscle Fiber
BEHE Slow-Twitch Muscle Fiber
BRABHE Myofibril
fhfl Sarcomere
BH&HF Skeleta! Muscle
B85 Abdominal Muscle
#A8E Pelvic Floor
M@/ Rectus Abdominis
BA@AR Facial Muscle
MREARS Laryngeal Muscle
VEIFAR Masticatory Muscle
BXR% Masseter Muscle
RER Pterygoid Muscle
®ITARE Temporal Muscle
RS Neck Muscle
BRERERNAS Oculomotor Muscle
OEfF Palatal Muscle
%% Pectoralis Muscle
URIRRS Pharyngeal Muscle

LE A HIESAET Upper Esophageal Sphincter

BERA Psoas Muscle
PREARS Quadriceps Muscle
BRIk #R Respiratory Muscle
M Diaphragm
REMIAS Intercostal Muscle
EISefAER Rotator Cuff
5/ BAK Sarcoplasmic Reticulum
FPIERE Stapedius
§EA%RAS Tensor Tympani
@5 Smooth Muscle

THEBRENS Lower Esophageal Sphincter

MEPRBEE Vascular Smocth Muscle
I Tunica Media
FER Myometrium
IDEE Myocardium
WFSFMIA Cardiac Myoblast
D EGHIRR Cardiac Myocyte
FLEER% Papillary Muscle

B Skeleton

# Bone
TFEX® Bones of Lower Extremity
RBPR Foot Bone
PEF Metatersal Bone
BiRB Tarsal Bone
BE#/ Calcaneus
BEH Talus
BB Toe Phalanges
B Leg Bone
KHAH Femur
KEIBEH Femur Head
AEEHF Femur Neck
B Fibula
&S Patella
BE Tibia
&8 Pelvic Bone
RHBE Acetabulum
BB lium
#/ Ischium
% Pubic Bone
LEREB Bones of Upper Extremity
BER® Arm Bone
LREE Humerus
#® Radius
R#& Una
fHE Clavicle
F# Hand Bone
F{i#® Carpal Bone
HPEH Capitate Bone
#H9H Hamate Bone
BiXE Lunate Bone
ERR Pisiform Bone
KB Scaphoid Bone
KZEHB® Trapezium Bone
INERSR Trapezoid Bone
=fH Triquetrum Bone
$88 Finger Phalanges
FF Metacarpal Bone
HRE Scapula
TB¥ Acromion
&8¢ Diaphysis
B Epiphysis
REAR Growth Plate
&® Hyoid Bone
TEFH Sesamoid Bone
R Skull
FAZE&ES Cranial Suture
B Ethmoid Bone
AT H Facial Bone
T Jaw
838 Alveolar Process
8 Tooth Socket
835 Dental Arch
TERAE Mandible
EE Chin

THRAMBASZERE Mandibular Condyle

LEE Maxila

B OZE Hard Palate
AF Nasal Bone
BRE Orbit
AF A Turbinate

Sk



ID Level Descriptor BEER

DD05624 4 HWIEAR Fronta! Bone D007421 3 MV Small Intestine

D009777 4 #EA® Occipital Bone D004386 4 + =818 Duodenum

D005339 5 K#REAF Foramen Magnum DO14670 5 F7—5—BKE Ampulla of Vater
D010294 4 FAIE® Parietal Bone D009803 6 AT 4HEHET Sphincter of Oddi
D019291 4 TAEEE Skull Base DO02011t 5 TNRIER Brunner Gland
D035262 5 BIFAZERE Anterior Cranial Fossa D007082 4 B8 lleum

D035301 5 thEE2EE Middle Cranial Fossa D007080 5 @& leocecal Vatve

D003388 5 %I Posterior Crenial Fossa DO08467 5 AV IVEEE Meckel Diverticulum
D013100 4 2/ Sphenoid Bone D007583 4 L” Jejunum

D012658 S RLa#: Sella Turcica D041741 2 TEBHILE Lower Gastrointestinal Tract
Do13701 4 GYIE® Temporal Bone D007082 3 B8R Deum

D008416 5 FLIREE Mastoid DO07080 4 EE# leocecal Valve

D01057¢ 5 ${&®/ Petrous Bone D008467 4 AulrJLEBE Meckel Diverticulum
Do1313t 3 ¥ Spine D007420 3 KIS Large [ntestine

D002574 4 i#t Cervical Vertebrae . DO01003 4 HIF9%F Anal Canal

D001270 5 Rt Atlas D002432 4 E#§ Cecum

D001368 5 B Axis DO01065 5 RE Appendix

D00980S 6 22 Odontoid Process DO03106 4 1 Colon

D003050 4 B® Coccyx D044682 5 Li7488 Ascending Colon

D007403 4 H#A4R Intervertebral Disk D044683 5 F474:8) Descending Colon

0008159 4 BBt Lumbar Vertebrae D012809 5 SRS Sigmoid Colon

D012447 4 U Sacrum D044684 5 178D Transverse Colon

DO13115 4 HHE Spinal Canal D012007 4 B Rectum

0004824 5 B S Epidural Space D007583 3 ZHg Jejunum

D013904 4 B#t Thoracic Vertebrae DO09055 2 O Mouth

D013%08 3 B8 Thorax D003817 3 #% Dentition

D012272 4 & Rib DO12469 3 BEBAR Salivary Gland

0013249 4 #® Sternum D010306 4 ETFHR Parotid Gland

Do08371 5 ¥/ Manubrium DO18987 4 BEHERAE Salivary Duct

D014989 5 #IK B Xiphoid Bone D012470 4 ANEKAR Minor Salivary Gland
D007596 2 BAEN Joint DO13361 4 FFIR Sublingual Gland

DO00173 3 TREHBAET Acromioclavicular Joint D013363 4 B FIR Submandibular Gland

D001268 3 ERPABAEN Atlanto-Axial Joint D054838 4 42T FIVER Von Ebner Gland
D001269 3 REIFERT Atlanto—Occipital Joint D014059 3 T Tongue

D002061 3 #i&E Synovial Bursa D008035 4 FHIVE Lingual Frenum

D002358 3 BAfHSXR Articutar Cartilage D013650 4 k¥ Taste Bud

D004551 3 HBAKT Elbow Joint DO10614 2  UBEH Pharynx

D033023 3 JBBAES Foot Joint D041742 2 LEGH{E®E Upper Gastrointestinal Tract
D000843 4 REBIES Ankle Joint D004386 3 +—$#808 Duodenum

D008683 4 h2IEEAAET Metatarsophalangeal Joint DO14670 4 I7—8—BKE Ampulla of Vater
D013640 4 R4REAET Tarsal Joint D009803 5 AT +1E885 Sphincter of Oddi
D013380 5 BE B TRAES Subtalar Joint D002011 4 TR Brunner Gland

D014033 4 DEXBH Toe Joint D004947 3 B Esophagus

D050823 3 FEAET Hand Joint D049631 4 LEBAE ISR Upper Esophageal Sphincter
D050824 4 FREAE Carpal Jaint D004943 4 BHBIEAER Esophagogastric Junction
D052737 4 FRPFLAE Carpometacarpal Joint D049630 5 TEBEMIES I Lower Esophageal Sphincter
D005384 4 $8BAST Finger Joint po13270 3 B Stomach

DO08662 4 DFIEHEAET Metacarpophalangeal Jaint D002299 4 UBPFY Cardia

D053401 & BRIR Volar Plate D004943 4 BHBERSE Esophagogastric Junction
D014955 4 FHEAE Wrist Joint D049630 5 FEHAHEHE Lower Esophageal Sphincter
D051478 5 EAHBEIXT Triangular Fibrocartilage D005748 4 BES Gastric Fundus

D00s621 3 BRXBAEY Hip Joint DOO5753 4 B8 Gastric Mucosa

D017746 3 BAEHE Joint Capsule DO19872 5 B X481 Gastric Chief Cell

D013583 4 B Synovial Membrane D004759 5 By0374418 Enterochromaffin Cell
D013582 5 BB Synovial Fluid D019863 5 HARY 5 iB4EIA Gastrin-Secreting Cell
D007719 3 BEBAER Knee Joint D010295 5 FE4A Gastric Parietal Cell
D008S92 4 BER/¥A Tibial Meniscus DO19864 5 YRIARF L5 P4BA Somatostatin-Secreting Cell
D008023 3 BBEG#I®E Articular Ligament DO18530 4 BEE Gastric Stump

DO16118 4 B1+F8#H Anterior Cruciate Ligament DO11706 4 B8P Pyloric Antrum

D017885 4 {IBIENH# Collateral Ligament DO11708 4 B8FY Pytorus

D017844 5 5140 Ankle Lateral Ligament D008099 1 AFER Liver .

0017888 5 BARIRIBIEI#F Knee Medial Collateral Ligament D001653 2 BFAAEE Intrahepatic Bile Duct

D017843 4 REHE Ligamentum Flavum D001648 3 E48RBE Bile Canaliculi :

D017846 4 % Longitudinal Ligament D010179 1 BZBR Pancreas

D017847 4 BEYHE Patellar Ligament D007515 2 SUFILINI RSB lslets of Langerhans
Dot6119 4 %+ FH# Posterior Cruciate Ligament DO50418 3 SINhT 5B Glucagon-Secreting Cell
D053401 4 AR Volar Plate D050417 3 AR5 BRI Insulin-Secreting Cell
DO11631 3 B8 E Pubic Symphysis D050418 3 BERABIATFEG B Pancreatic Polypeptide-Secreting Cell
DO012446 3 fLARBAES Sacroiliac Joint D019864 3 YIFASF 53 BHM Somatostatin-Secreting Cell
D012785 3 THBAET Shoulder Jaint D046790 2 [ESL53EED Exocrine Pancreas

D013247 3 KSfHBAER Sternoclavicular Joint D010183 2 &Y Pancreatic Duct

D013248 3 HERHBARST Sternocostal Joint D012137 0 FERERFHR Respiratory System

D013704 3 B Temporomandibular Joint D007830 1 MREA Larynx

D019224 4 SAMAETMM Temporomandibular Joint Disk D005931 2 &P Glottis

Do21801 3 BAfZRASAABIES Zygapophyseal Joint Do14827 3 & Vocal Cord

DO13716 1 B Tendon 0007817 2 MREAMXE Laryngea! Cartilage

D000125 2  FXLAR Achilles Tendon D0O1193 3 HREXRF Arytenoid Cartilage

D017847 2 FAEE® Patellar Ligament D003413 3 BB Cricoid Cartilage

D017006 2  [EIFEATEMR Rotator Cuff D004825 3 KREAE Epiglottis

D004064 0 GH{LEEFR Digestive System D013857 3 PREF Thyroid Cartilage

D001658 1 RBR Biliary Tract D007820 2  WREASEE Laryngeal Mucosa

D001652 2  BAEE Bile Duct D020397 3 FRHFS Goblet Cell

DO17734 3 41088 Extrahepatic Bile Duct 0007821 2 URERES Laryngeal Muscle

D003135 4 #£75% Common Bile Duct po08168 1 Bt Lung

D014670 5 27—8—BXKRE Ampulla of Vater D001980 2  SAEX Bronchus

D009803 6 FF11E#8 Sphincter of Oddi D015633 2  MESHIHKS? Extravascular Lung Water
D003543 4 ABEE Cystic Duct DO11650 2 Bl Pulmonary Alveoli

DO06500 4 $HFYE Common Hepatic Duct D015824 3 HELE KB Blood-Air Barrier
D001653 3 FFPREE Intrahepatic Bile Duct D009666 1 S Nose

Doo1648 4 EMABE Bile Canaliculi D009295 2 MF Nasal Bone

D005704 2  FBE Gallbladder D009296 2 BB Nasal Cavity

D041981 1 BMRE¥ Gastrointestinal Tract D009297 2 MJSE Nasal Mucosa

D007422 2 B Intestine 0020397 3 #4412 Goblet Cell

D007413 3 PRSI Intestinal Mucosa D009831 3 MRIEE Olfactory Mucosa

D020895 4 BRHIAR Enterocyte DO18034 4 B TR Olfactory Receptor Neuron
D020397 4 FIR40FR Goblet Cell 0009300 2 MPFF Nasal Septum

Do1987s 4 J3R—MEBE Paneth Cell D019147 3 SHAERE Vomeronasal Organ

D007420 3 K Large Intestine DO10256 2 BIMEY Paranasal Sinus

D001003 4 MIF9% Anal Canal DO05005 3 B Ethmoid Sinus

D002432 4 B Cecum Do0s626 3 WIEESR Fronta! Sinus

DO01065 5 BE Appendix D008443 3 LSER Maxillary Sinus

D003106 4 £ Colon Dot13101 3 328 Sphenoid Sinus

D044682 5 174508 Ascending Colon D014420 2 AFEA Turbinate

D044683 5 T{T#i#® Descending Colon DO10614 1 URIEA Pharynx

0012803 5 SHRERS Sigmoid Colon D007013 2  TFWEEA Hypopharynx

D044684 5 HR1T#8 Transverse Colon D009305 2  LMREA Nasopharynx
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ID Level Descriptor

D014068 3 R Tonsil

D010609 2  FEREARS Pharyngeal Muscle

D049631 3 LEBRRAENES Upper Esophageal Sphincter
D010394 1 BIEd Pleura

D020545 1 PRIEXSER Respiratory Mucosa

D020337 2 #FiRHARA Goblet Cell

D007820 2  MREANSE Laryngeal Mucosa

D009297 2 MISEH Nasal Mucosa

D00983t 3 BILE Olfactory Mucosa

DO18034 4 MW SZRMEE Olfactory Receptor Neuron
D014132 1 RYE Trachea

DO014566 0 BIREMBR Urogenital System

D005835 1 &3 Genitalia

D005836 2 R 4EER Female Genitalia

D000280 3 FE(BE Adnexa Uteri

D001956 4 FELMEE Broad Ligament
D005187 4 BA% Fallopian Tube

D010053 4 B8 Ovary

D003338 5 #{& Corpus Luteum

D008184 6 BN Luteal Cell

D006080 5 BAK Ovarian Fallicle

DO15571 6 BBS® Follicular Fluid

D006107 6 RS Granulosa Cell
D054885 7 BRE4R Cumulus Cell
D013799 6 BRRAMELAARE Theca Cell

D012404 4 FEAFE Round Ligament

DO14599 3 FE Uterus

D002584 4 FEHD Cervix Uter

D004717 4 FERIE Endometrium

D003656 5 7% Decidua

D033301 6 MZBE Deciduoma

D009215 4 FEEF Myometrium

DO14621 3 2 Vagina

D006924 4 % Hymen

D014844 3 SESE Vulva

D001472 4 1LY IR Barthotin's Gland
D002887 4 B&4% Clitoris

D005837 2  B{E&MEER Male Genitalia

D002030 3 RIERER Bulbourethral Gland
D004543 3 S Ejaculatory Duct

D004822 3 R LK Epididymis

DO10413 3 BRE Penis

D052816 4 A Foreskin

DO14521 4 R Urethra

DO11467 3 BISIAR Prostate

DO12611 3 BE¥E Scrotum

D012668 3 B Seminal Vesicle

D013085 3 % Spermatic Cord

DO13737 3 B Testis

D007985 4 FAF 1M Leydig Cell
DO12152 4 FE Rete Testis

DO12671 4 Y Seminiferous Tubule
Dooi1g14 5 mER S B Blood-Testis Barrier
D012670 5 FL® Seminiferous Epithelium
D012708 4 EILFJSERE Sertoli Cell

DO14649 3 WFIE Vas Deferens

D005854 2 4 48R Germ Cell

D010063 3 BAF Ovum

DO098E5 4 ER34RER Oocyte

D009867 4 ERFASARE Oogonia

D015044 4 EEAH Zona Pellucida

D015053 4 BEW Zygote

D013094 3 ¥F Spermatozoa

D013077 4 HFIAE Sperm Head

D000177 5 %4k Acrosome

D032961 4 RAFE Sperm Midpiece
D013082 4 RFRE Sperm Tail

D013087 4 FAAERY Spermatid

DO13090 4 R Spermatocyte

D013093 4 BIAMI Spermatogonia

DODB066 2 4 MEER Gonad

D010053 3 BR& Ovary

D013737 3 R Testis

D01455t 1 BREE Urinary Tract

D007668 2 W Kidney

D007672 3 BHEK Kidney Cortex

DO07678 4 B #E{E Kidney Glomerulus
D050533 5 SRIREHEE Glomerular Basement Membrane
DOD7606 5 BSHEREER Juxtaglomerular Apparatus
D050527 5 A X LA Mesangial Cell
D005920 6 HIREEE Glomerular Mesangium
D050199 5 HEMA Podocyte

D007679 3 KRR Kidney Medulla

D007682 3 BE Kidney Pelvis

DO07670 4 B Kidney Calix

DO09399 3 #7702 Nephron

D007678 4 B A& Kidney Glomerulus
D050533 5 HREEBER Glomerular Basement Membrane
D007608 5 BHRBREER Juxtaglomerular Apparatus
D050527 5 AP LA Mesangial Cell
D005920 6 $IREEAIR Glomerular Mesangium
0050199 5 HRHM Podocyte

D007684 4 BRBE Kidney Tubule

DO50476 5 #—< % Bowman Capsule
D007685 5 HAEY Collecting Kidney Tubule
DO07686 5 SE{RME Distal Kidney Tubule
D007687 5 EiERREE Proximal Kidney Tubule
D008138 5 ALLEE Loop of Henle
DO14513 2 ERE Ureter

D014521 2[Rl Urethra

D0O01743 2 BElt Urinary Bladder

D004703 0 MSHBR Endocrine System

D002838 1 HDLBHMFE Chromaffin System
DO19438 2 HOLRHNEME Chromaffin Cell
D002837 3 S04 8% Chromeffin Granule
D004759 2 EBYOTT4L IR Enterochromaffin Cell
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D010220
D010233
D019858
D004759
DO019861
D019863
D050416
D050417
D050418
D019864
D004702
D0CO311
D000302
D015383
D015384
D015385
D000313
D006066
D010053
0003338
Doog184
D006080
DO155M
D006107
D054885
D013799
D013737
D007985
D007515
D050416
D050417
D050418
D019864
D010280
0010870
D010913
0010902
D010903
D052680
D052681
D052682
D052683
D052684
D052716
Dos2717
D010904
D013961
D009490
DOG7030
D008473
D010902
0010903
D052680
D052681
D052682
D052683
D052684
Do52716
DOs2717
D010304
D010870
0002319
D015824
D018916
D001812
D049428
D001813
Dootg14
0001808
DO01158
DOG1011
D0O01012
DO01013
DO012850
D001160
D001366
D001488
0001916
Do16122
D001981
D00233%
D017536
D002342
D002343
D002346
D002445
D002536
D020771
D002941
D020768
D020769
D013699
D019842
D003331
D019074
D005263
D024405
D00E499
D007083
D008438
D008576
D008638
0017537
D017538
Do09sso
DO11150
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kA%

ARMARESE Para—Aortic Body
S0 LENEERE Chromaffin Paragangfia

BENS BB Enteroendocrine Cell

89072, 4E Enterochromaffin Cell

390 LRNIEBAHRMI Enterochromaffin-tike Cell
HAM)V 3 BEBE Gastrin-Secreting Cell

FILHhT 5 BIBEY Glucagon—Secreting Cell

AAY 5B Insulin—Secreting Cell
BRAYRTFES BB Pancreatic Polypeptide~Secreting Cell
YTFASF 3 B4E3 Somatostatin-Secreting Cell

R #BER Endocrine Gland

Bi% Adrenal Gland
BB & Adrenat Cortex
HiRB Zona Fasciculata
KB Zona Glomerulosa
1K@ Zona Reticularis
BIWBAE Adrenal Medulla
SRR Gonad
SRR Ovary
#{& Corpus Luteum
B Luteal Cel
58 Ovarian Follicle
BB Follicular Fluid
PRI HEA Granulosa Cell
SRE#IA Cumulus Cell
BRRBI4ERA Theca Cell
B Testis
4T 1R Leydig Cell
SUFNNCAR [slets of Langerhans
S ILhT 53 B4E8 Glucagon—Secreting Cell
AR5 BB Insulin-Secreting Cell
ERAUARTFISBHAY Pancreatic Polypeptide-Secreting Cell
YILREF 5 B4R Somatostatin-Secreting Cell
EIEF4RER Parathyroid Gland
2K Pineal Gland
THEEHERKAE Pituitary-Adrenal System
HFEHE Pituitary Gland
R FEABE Anterior Pituitary Gland
BIRERARRAEL S48 Corticotroph
fEIRFIMAINL T HHI  Gonadotroph
FLIRFIBRNLEL 9 4B Lactotroph
REAHRILEL ST B Somatotroph
RRRAIBURILEL 2B Thyrotroph
I FEAEPE Intermediate Pituitary Gland
AS=UAAMRBAULE E MM Melanotroph
X TFEMEELI Posterior Pituitary Gland
PF4RAR Thyroid Gland

#HE#BF Neurosecretory System

HEFTHTESER Hypothalamo—Hypophyseal System
EPEEE Median Eminence
B F&E Pituitary Gland
B TEAERIE Anterior Pituitary Gland
BB S T HRRILEL GBI Corticatroph
IR AN EL TSI Gonadotroph
FLIRFIRURILEL 5 5888 Lactotroph
REBHILEL DB Somatotroph
BREFRBALEL 5B Thyrotroph
X TEAEDPE Intermediate Pituitary Gland
AS= ARMRRAA T EEMI Melanotroph
N FEEHLE Posterior Pituitary Gland
WBR{K Pineal Gland

A% Cardiovascular System
MmAEZKREM Blood-Air Barrier
MEEKBAFY Blood-Aqueous Barrier
M&EEBIFY Blood—Brain Barrier
MEAERF Blood-Nerve Barrier
% #ABBAF Blood-Retinal Barrier
MiEF R Blood-Testis Barrier
Mm% Blood Vesse!

BIUR Artery

KRR Aorta
BIEBARIAR Abdominal Aorta
BIEB AR Thoracic Aorta
1LY LI Sinus of Valsalva

RRAR Arteriole

RERIAR Axillary Artery

GXEWER Basilar Artery

LEBIWAR Brachial Artery

BUERENIR Brachiocephalic Trunk

SEXWAR Bronchial Artery

HIRAR Carotid Artery
LHBIR Common Carotid Artery

SHEERIR External Carotid Artery
WERIAR Internal Carotid Artery

FEWARA Carotid Sinus

BIRERIER Celiac Artery

KESHER Cerebral Artery
BIKRSEAR Anterior Cerebral Artery
74 )ABNRE Circle of Willis
chKEEEIAR Middle Cerebral Artery
#RBIRIAR Posterior Cerebral Artery
(UFERGAR Temporal Artery

EHRIEBIR Ciliary Artery

M Coronary Vessel

B EHAR Epigastric Artery

KERIR Femoral Artery

BHXMARAR Gastroepiploic Artery

AT RIER Hepatic Artery

BB EAR liac Artery

FRIAR Maxillary Artery

BIEBAR Meningeal Artery

RMRAEAR Mesenteric Artery
THRERIAR Inferior Mesenteric Artery
LIBRAESEAR Superior Mesenteric Artery

ERWIAR Ophthalmic Artery

BER@AR Popliteal Artery



ID Level Descriptor JEIRES

DO17534 3 #BIBWAR Radial Artery Do12125 5 IRIR PR Respiratory Center

D012077 3 BRIR Renal Artery D012249 4 #Fh Rhombencephalon

DO12161 3 HEIRRAR Retinal Artery D008526 5 R/ Medulla Oblongata

D013157 3 PREIAR Splenic Artery . D031608 6 BRET Area Postrema

D013348 3 S8 FTEAR Subclavian Artery D009847 6 #A—T# Olivary Nucleus

D013895 3 BIBAAR Thoracic Artery D017552 6 R Solitary Nucleus

D008323 4 FLBIARK Mammary Artery D020540 5 #M Metencephalon

0016909 3 EEBEINR Tibial Artery D002531 6 B Cerebellum

D017535 3 REBEMR Ulnar Artery D002525 7 KB E Cerebellar Cortex

DO14469 3 BESFEIAR Umbilical Artery DO11683 8 FIL¥LTHEE Purkinie Cell

Do14711 3 HEEEAR Vertebral Artery D002528 7 /MBI Cerebellar Nucleus

D004730 2 MEME Vascular Endothelium D002530 7 /MBS Cerebellopontine Angle

D020286 3 PRI Pericyte DO11149 6 8 Pons

0017539 3 A Tunica Intima D017626 7 3484 Cochlear Nucleus

D008833 2  R/PEIR Microcirculation Do0s125 7 BB Locus Coeruleus

D001160 3 ARHAR Arteriole D014726 7 WEREE Vestibular Nucleus

D001163 3 BIFRMES  Arteriovenous Anastomosis D003689 8 BIERENEY Lateral Vestibular Nucleus
D002196 3 EME Capillary DC11903 5 {84 Raphe Nucleus

D014699 3 FFBER Venule D014278 4 SR Trigeminal Nucleus

D009131 2 MERRE Vascular Smooth Muscle D014279 5 SXHEYMB Spinal Trigeminal Nucleus
DO17540 3 HiE Tunica Media D014275 6 ZREERAE Trigeminal Caudal Nucleus
D012171 2 #ABMN%E Retinal Vessel Dop2552 3 BS%E Cerebral Ventricle

Do12161 3 BEBAR Retinal Artery D002535 4 PRI Cerebral Aqueduct

D012168 3 HAIEAPR Retinal Vein 0002831 4 k4&# Choroid Plexus

D017538 2 MEE Tunica Intima D004805 4 E& Ependyma

D014650 2 HWEFRBME Vass Nervorum D020546 4 $EMERE Fourth Ventricle

DO14651 2 EREDIRE Vasa Vasorum D020547 4 QIR Lateral Ventricle

D0o14680 2 AR Vein D012688 4 EBAPR Septum Pellucidum

DO01367 3 BERIR Axillary Vein D020542 4 HEME Third Ventricle

D001401 3 FHMR Azygos Vein D008032 3 ARF Limbic System

DO16121 3 BEBRRSAR Brachiocephalic Vein 0000679 4 RBHkE Amygdala

D002550 3 KBHAR Cerebrat Vein D019261 4 REELES Epithalamus

D003331 3 BME Coronary Vessel D019262 5 F4 Habenula

0054326 4 BEARE Coronary Sinus D020712 4 i3 Brain Fornix

D003392 3 BREMRRA Cranial Sinus D006179 4 #ARE Gyrus Cinguli

D002426 4 BIMARA Cavernous Sinus D006624 4 % Hippocampus

D054063 4 LRREPARF Superior Sagittal Sinus D018891 5 B11K[E Dentate Gyrus

D054064 4 BRERE Transverse Sinus . D019593 6 BESREM Hippocampal Mossy Fiber
D005268 3 KEERSAR Femoral Vein DO17966 & $EURHR Pyramidal Cell

D006503 3 BFA¥IR Hepatic Vein D007031 4 HETE Hypothalamus

D007084 3 BB EPIR liac Vein D009833 4 WRTEEEER Olfactory Pathway

Do07601 3 FRPIR Juguler Vein D020670 5 A1 Islands of Calleja

DO11152 3 BEEAMR Popliteal Vein D009830 5 I3k Olfactory Bulb

Dot11168 3 FIARFR Portal System D020534 4 #HEE Parahippocampal Gyrus

DooB642 4 IRMBEIAMAR Mesenteric Vein D018728 5 P E Entorhinal Cortex

DO1t169 4 PR Portal Vein D020665 4 BiPM Septum of Brain

DO13162 4 B4R Splenic Vein D012686 5 FRB# Septal Nucleus

DO14471 4 B APAR Umbilical Vein D013377 4 $EEBH Substantia lnnominata

DO11667 3 PR Pulmonary Vein DO008636 3 i Mesencephalon

D012082 3 B HR Renal Vein D008125 4 BB Locus Coeruleus

Do12169 3 AEMIR Retinal Vein 0011903 4 $814% Raphe Nucleus

D012501 3 RERMAR Saphenous Vein D003336 4 PN Tectum Mesencephali

D013350 3 fHE TR Subclavian Vein D007245 5 TH Inferior Colliculi

D014684 3 AH3R Venae Cavae D013477 5 EE Superior Colliculi

DO14682 4 TFXEMIR Inferior Vena Cava D013681 4 hE#EE Tegmentum Mesencephali

DO14683 4 LKEIR Superior Vena Cava 0002535 5 thlEK# Cerebral Aqueduct

DO146%9 3 HFFIR Venule D045042 5 BB Pedunculopontine Tegmental Nucleus
D006321 1 L& Heart D010487 5 hKHREKAE Periaqueductal Gray
D004699 2 LDAE Endocardium D012012 5 ## Red Nucleus

D005318 2 RAR/MEE Fetal Heart D013378 5 RE Substantia Nigra

D004373 3 BIARE Ductus Arteriosus D017557 & BRIBED Ventral Tegmental Area

D014338 3 HBLBARE Truncus Arteriosus D016548 3 Hilld Prosencephalon

D006325 2 35 Heart Atria D004027 4 fAf% Diencephalon

D020517 3 {>H  Atrial Appendage D019261 & K LS Epithalamus

D006323 2 WRFBEMAR Heart Conduction System D019262 6 F4# Habenula

D001283 3 BE&H Atrioventricular Node D010870 6 #WEIK Pineal Gland

D002036 3 B Bundle of His D007031 5 1K T Hypothalamus

Do11690 3 TILX I Purkinje Fiber D007026 6 MEE TSI Lateral Hypothalamic Area
Do12848 3 TAB4SES Sinoatrial Node D007032 6 REKTEMIE Anterior Hypothalamus
D006346 2 MRS Heart Septum Do07025 7 HRIK FERTHL Anterior Hypothalamic Nucleus
D054087 3 LESM Atrial Septum 0010286 7 HERTEERM Paraventricular Hypothalamic Nucleus
D054089 3 XA Endocardial Cushion D011301 7 REWEF Preoptic Area

D054085 3 BBAIA, Foramen Ovale D013493 7 RERX ER Suprachiasmatic Nucleus
D0S40838 3 EDR Ventricular Septum DO13495 7 #1% L% Supraoptic Nucleus

D006351 2 M#Ft Heart Valve D007033 6 HIRTHPMEE Middle Hypothalamus
D001021 3 AKWARSF Aortic Valve Doo1111 7 BHk#% Arcuate Nucleus

D002815 3 &R Chordae Tendineae D004302 7 REKTHHEARE Dorsomedial Hypothalamic Nucleus
D008943 3 {#0EH Mitral Valve D007030 7 RETFTHFELRFE Hypothalamo—Hypophyseal System
0010216 3 FLEEAF Papillary Muscle D008473 8 FPEEE Median Eminence

DO11664 3 HEARSA Pulmonary Valve D010%02 8 B FEE Pititary Gland

DO014261 3 ZRH Tricuspid Valve DO10303 9 BT EEHE Anterior Pituitary Gland
D006352 2  #3Z Heart Ventricle DO052680 10 RIR B H RTS8 Corticotroph
D009206 2 3B Myocardium 0052681 10 {EIRABALEL 534 Gonadotroph
D032386 3 DR Cardiac Myoblast D052682 10 FLERRIBARILEL 53 MR Lactotroph
D032383 3 LEFHE Cardiac Myocyte D052683 10 RERILEL 5 BHEE Somatotroph
0010210 3 HLIAR Papillary Muscle D052684 10 ERIBRBRILEL S B Thyrotroph
D010210 2  HWEAS Papillary Muscle D052716 8 BT EAEDTE Intermediate Pituitary Gland
D010496 2 & Pericardium D052717 10 AS=LHRFIRAILESELEHIR Melanotroph
D009420 0 ®¥ER Nervous System D010904 9 BIFEEER Posterior Pituitary Gland
D002490 1 HiIFMEER Central Nervous System D014371 7 EREBEAE Tuber Cinereum

D001921 2 B Brain DO14697 7 RE T EHBEAE% Ventromedial Hypothalamic Nucleus
Doo18i2 3 M F&AKEAIFY Blood-Brain Barrier D007034 6 KT EHRED Posterior Hypothalamus
D001933 3 [%% Brain Stem 0008326 7 ZLBA{E Mamillery Body

D008636 4 i Mesencephalon D020530 5 BIRIRER Subthalamus

D008125 5 BB Locus Coeruleus D020392 & RIPN#% Entopeduncutar Nucleus

DO11903 5 34 Raphe Nucleus D020531 6 REE T4 Subthalamic Nucleus

D003336 5 PENE Tectum Mesencephali D013788 5 B Thalamus

D007245 6 TR Inferior Colliculi D013787 6 REERE Thalamic Nucleus .
D013477 6 LB Superior Colliculi D020643 7 1REEBTE Anterior Thalamic Nucleus
D013681 5 hEHEE Tegmentum Mesencephali D005828 7 BSR{E Geniculate Bady

D002535 6 HEEKIE Cerebral Aqueduct D020646 7 RERBEIRA#L Intralaminar Thalamic Nucleus
D045042 6 BMEEE Peduncul ine T I Nucl D020647 7 RS I8 Lateral Thalamic Nucleus
DO10487 6 PEIKEEEROE Periaqueductal Gray D020649 8 HRER#L Pulvinar

DO12012 6 ##% Red Nucleus D020645 7 HREB AR Mediodorsal Thalamic Nucleus
D013378 6 R Substantia Nigra D020644 7 MEIED# Midline Thalamic Nucleus
D017557 6 BRI ES Ventral Tegmental Area D020656 7 R4 Posterior Thalamic Nucleus

Life Science Tree 2007 T4



ID

DO13687
D054022
D001479
D0Co679
D003342
D005917
D017072
D002421
D053400
DO11699
D009714
D013377
D020532
D002540
D005625
D009s44
D017397
D006624
D018891
D019599
D017966
D019579
D009778
D014793
D0102g6
D013003
D017966
D013702
D001303
D020534
0018728
D003337
D020667
D020712
D020772
D009833
D020670
D00983C
D020665
D012686
DO012688
D012249
D020540
D002531
D002525
DO11689
D002529
D002530
DO11149
D017626
D008125
D014726
D003689
D054024
D008526
D0O31608
D009847
D017552
D011903
DQ08578
D001099
DO013346
D002946
D004388
D013355
D010841
DO13116
D000870
D005116
D020671
D013376
Do11712
D013133
D00S724
DQ05725
DQ05726
D005728
D013233
D017783
D017952
D017950
D005727
D005830
D009620
D013136
D012668
DO27161
D009415
D009417
D004805

DO09441

D009434
D000344
D001306
D009833
D020824
D013133
D017833
D014785
D004525
D005116
DO11712
D020772
D008474
D019580
D009457

Level Descriptor
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B Telencephalon
KB Cerebrum
HEH Basal Ganglia
HE Amygdala
B4k Corpus Striatum
HIEIR Globus Pallidus
%K Neostriatum
B#Y Caudate Nucleus
BRSEEDIE High Vocal Center
HAE Putamen
@444 Nucleus Accumbens
8 H Substantia Innominata
IARIVMBEY Basal Nucleus of Meynert
KEZEE Cerebral Cortex
BIBEZE Frontal Lobe
EEIEH Motor Cortex
WIEERIEF Prefrontal Cortex
#%E Hippocampus
#ikE Dentate Gyrus
HESHEH Hppocampal Mossy Fiber
SEEEHARA Pyramidal Cell
FEHE Neocortex
®IEE Occipital Lobe
HEF Visual Cartex
EATAZE Porietal Lobe
EhiE R Somatosensory Cortex
$H{E4ABQ Pyramidal Cell .
RIFEE Temporal Lobe
EEW A Auditory Cortex
HEEE Parahippocampal Gyrus
RANEYE Entorhinal Cortex
B8 Corpus Callosum
Tn—h3xH% Diagonal Band of Broca
f%5 Brain Fornix
K4 Internal Capsule
8428 Olfactory Pathway
AP IE [slands of Calleja
188} Olfactory Bulb
PR Septum of Brain
% Septal Nucleus
HADR Septum Pellucidum
M@ Rhombencephalon
#E Metencephalon
/NI Cerebellum
IMEEY Cerebellar Cortex
FILATHH Purkinje Cell
MIE#E Cerebellar Nucleus
INiEEEE Cerebellopantine Angle
# Pons
B/ Cochlear Nucleus
HBI#%. Locus Coeruleus
TIEMERE Vestibular Nucleus
BIEEES U Lateral Vestibular Nucleus
% Myelencephalon
HEM Medulla Oblongata
BT Area Postrema
#1J—T¥ Olivary Nucleus
WE#; Solitary Nucleus
§E#28% Raphe Nucleus
fAfE Meninges
{LHE Arachnoid
<HEETRE Subarachnoid Space
KH Cisterna Magna
TS Dura Mater
BEE TR Subdural Space
XIS Pia Mater
Y84 Spinal Cord
B A Anterior Horn Cell
$E{K51 38 Extrapyramidal Tract
H£RMI Posterior Hon Cell
BHYE Substantia Gelatinosa
$H{KER Pyramidal Tract
EHIRERER Spinothalamic Tract
EE Ganglia
Bi2MEE Autonomic Ganglia
B RRMIRET Parasympathetic Ganglia
LRI Sympathetic Ganglia
BERMEET Stellate Ganglion
L IR E Superior Cervical Ganglion
SRR (hvertebrate Ganglia
EEW MR Sensory Ganglia
HREAERET Spinal Ganglion
B2 Geniculate Ganglion
TFHEEH Nodose Ganglion
SEAMEE Spiral Ganglion
=X@BE Trigeminal Ganglion
Za—0vEABAY TS/ MER Perineuronal Sateliite Cell
42 Nerve Net
I Nerve Tissue
L& Ependyma
FEE Neurilemma
IR Neural Pathway
RO Afferent Pathway
ESEPR Auditory Pathway
IREERIR Olfactory Pathway
HH/EER Spinocerebellar Tract
HRARERKE Spinothalamic Tract
B AR Visceral Afferent
1R Visual Pathway
Ri>IE Efferent Pathway
$E{k5¥8 Extrapyramidal Tract
$E{6% Pyramidal Tract
AE Internal Capsule
WEINBIS Medial Forebrain Bundle
BEBH§ER Perforant Pathway
BRI Neuroglia
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D017628
D019581
D019600
0009836
D009186
D027161
D012583
D009186
D009441
DO11901
D009474
0003712
D049229
D016501
D020439
D007395
D025042
D051245
D016631
0009412
0000320
D017779
D001338
D017777
D0O17779
D001339
D001369
D016501
DO17729
D019599
D002799
D001339
D017777
D009413
D009186
D009441
DO011901
DO36421
D009430
D009454
D016874
D00S475
D006198
0006199
DO18072
D018069
D018034
D010786
D017956
D020419
D017949
D017948
D012374
D012165
D020671
D013376
D012165
D009476
D009046
0000870
D009047
D019581
D019600
D009562
D026602
D011689
D017966
D019582
D009490
D003335
D007030
0008473
D010902
D010903
D052680
D052681
D052682
D052683
D052684
D052716
D0S2717
D010904
D010870
D013351
D013356
0017933
D001341
D017776
D001338
D017777
D017779
D001339
D002447
D007001
D00g197
D013153
D013368
D014630
Do07823
0012009
D009620
D017615
D008197
D013368
D005725
D005726
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2057 Microgia
=—a—a/84JL Neuropil
#BEMEY Neuropil Thread
F1JIFLEATYF Oligodendroglia
#E% Myelin Sheath
Za—OVEABYT I+ Perineuronal Satellite Cell
2K Schwann Cell
BHEH Myelin Sheath
¥ Neurilemma
SE I Ranvier's Node
=a—0> Neuron
BHRZZHE Dendrite
BRZEEH Dendritic Spine
IR Neurite
BRM$ Growth Cone
1 E=1—0 Interneuron
T ABR Amacrine Cell
{AETUEHER Retinal Bipolar Cell
LE—/MK Lewy Body
BEHE Nerve Fiber
FRLFERITESIE Adrenergic Fiber
TRGBETESE Postganglionic Sympathetic Fiber
BEEBEMi%BY% Postganglionic Autonomic Fiber
BB BMBHH M Postganglionic Parasympathetic Fiber
XRMBEHHEM Postganglionic Sympathetic Fiber
B2 ERIEH Preganglionic Autonomic Fiber
B#R Axon
FIRZERE Neurite
S+ T ARNEE Presynaptic Terminal
BESREMH Hippocampal Mossy Fiber
aY RIS Cholinergic Fiber
BEREHIE#E Preganglionic Autonomic Fiber
Bl Bmlmskie p glionic Parasympathetic Fiber
HEEHEEHE Myelinated Nerve Fiber
RE¥4 Myelin Sheath
FEH Neurilemma
SUEIHHE Ranvier's Node
EHHR8HE Unmyelinated Nerve Fiber
Za—FILFPF54* Neural Analyzer
EFBM Neurofibril
BERBHEE(L Neurofibrillary Tangle
RibfE=a—0> Afferent Neuron
EBHA LM Auditory Hair Cell
HEEMI Inner Auditory Hair Cell
NEEHME Outer Auditary Hair Cell
HIGEH B4MIR Vestibular Hair Cell
A SREE Olfactory Receptor Neuron
F2HER Photoreceptor
EHEBYARBE Invertebrate Photoreceptor
HHYIRKE Vertebrate Photoreceptor
3% Cone
124k Rod
{2454 Rod Outer Segment
HABAZIK Retinal Ganglion Cell
#AMIE Posterior Horn Cell
B#HE Substantia Gelatinosa
ARESEENME Retinal Ganglion Cell
EifE=a1—0 Efferent Neuron
EE)—2—0 Motor Neuron
BISHRR Anterior Horn Cell -
HoEH=2—0A Gamma Motor Neuron
=2—0s34 )L Neuropil
HBRWEY Neuropil Thread
Z9ARJLIME Nisst Body
—BHEERFEME—2—D0> Nitrergic Neuron
FLELTHIM Purdnje Cell
$E{EHARD Pyramidal Cell
FEAB Senile Plaque
FEES B % Neurosecretory System
F35%4 Corpora Allata
BETHMTEAR Hypothalamo—Hypophyseal System
EEEA Median Eminence
B TFEK Pituitary Gland
I FEANE Anterior Pituitary Gland
BB R RBRILES S M Corticotroph
EREAARLE, B Gonadotroph
AARFIBARIL TS B Lactotroph
REBLELSBHI Somatotroph
RRBRIMARILEL 5B Thyrotroph
BAFEHEDIE Intermediate Pituitary Gland
A AR PR T EEMKE Melanotroph
B TEEHEE Posterior Pituitary Gland
2BREE Pineal Gland
L TIRE Subcommissural Organ
S TERE Subfornical Organ
FKAMEER Peripheral Nervous System
B2HEF Autonomic Nervous System
Hi2mEEE Autonomic Pathway
B2 EM%E# Postganglionic Autonomic Fiber
B EREEHHI#E Postganglionic Parasympathetic Fiber
LRRAAE B Postganglionic Sympathetic Fiber
BHEBBEMIEH# Preganglionic Autonomic Fiber
BEmER Celiac Plexus
TRE#HEEE Hypogastric Plexus
HEMAEE Myenteric Plexus
WERME Splanchnic Nerve
EETHES Submucous Plexus
HEME Vagus Nerve
MREAMPEE Laryngeal Nerve
KRBl Recurrent Laryngeal Nerve
T Nodose Ganglion
BE®ER Enteric Nervous System
HEMMAER Myenteric Plexus
EBRTHER Submucous Plexus
B2 Autonomic Ganglia
. BIREBEN Parasympathetic Ganglia
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Descriptor

ERMEH Stellate Ganglion
LHMEEER Superior Cervical Ganglion
BISEBHER Parasy thetic Nervous Syst
BIREWEE Parasympathetic Ganglia

B AR it Postganglionic Parasympathetic Fiber

HEBE Vagus Nerve
HRERAPEE Laryngeal Nerve
B EI#E Recurrent Laryngeal Nerve
THER Nodose Ganglion
LEMEBR Sympathetic Nervous System
LRI Sympathetic Ganglia
ERMEE Stellate Ganglion
THRBE Superior Cervical Ganglion
AR Splanchnic Nerve
MEERF Vasomotor System
EREI’ Pressoreceptor
EREBEE Sensory Ganglia
BHMEE Spinal Ganglion
@280 Geniculate Ganglion
T #4285 Nodose Ganglion
SEABEE Spiral Ganglion
SREEM Trigeminal Ganglion
IR K Nerve Ending
HEMNBRBEAT Neuroeffector Junction
BB Neuromuscular Junction
HERI#EIE Motor Endplate
BHZ BB Sensory Receptor
{L$ZB% Chemoreceptor
MG LR Neurcepithelial Cell
8 EE/IME Neuroepithelial Body
IR FHEMIE Olfactory Receptor Neuron
JE20LRANEEWER Nonchromaffin Paraganglia
KEAR{E Aortic Body
HHAR/NME Carotid Body
FARPIRAME Glomus Jugulare
B ZE /MK Glomus Tympanicum
GREE Taste Bud
HBRZEE Mechanoreceptor
TP -Tuwyr—=iME Golgi-Mazzoni Corpuscle
XL ILAERS Merkel Cell
Bi#ifE Muscle Spindle
42 L R3ERE Neuroepithelial Cell
BERHEMA Auditory Hair Cell
AHEMM Inner Auditory Hair Cell
SEHEMAY Outer Auditory Hair Cell
BTBEH 412 Vestibular Hair Cell
13F—ZspMK Pacinian Corpuscle
EREE Pressoreceptor
IR REE Pul y Stretch Recept:
SESZEH Nociceptor
KREB Photoreceptor
BHLBIIA DR Invertebrate Photoreceptor
HHEPBMAN Vertebrate Photoreceptor
SE{K Cone
{5 Rod
{2{55 8 Rod Outer Segment
BESEE Thermoreceptor
FKIHEE Peripheral Nerve
BERAHEERE Autonomic Pathway
EREREHHREHE Postganglionic Autonomic Fiber

B Postganglionic Parasympathetic Fiber

TR Postganglionic Sympathetic Fiber
BRSNS H Preganglionic Autonomic Fiber
M RER Celiac Plexus
FTRAER Hypogastric Plexus
HEMAES Myenteric Plexus
MRS Splanchnic Nerve
S TR Submucous Plexus
HEHE Vagus Nerve

MEFAMEE Laryngeal Nerve

RE#E Recurrent Laryngeal Nerve

T##E8H Nodose Ganglion

M%E#$ERAM Blood-Nerve Barrier
[E##E Cranial Nerve
S8 Abducens Nerve
BI#EE Accessory Nerve
BAEMEE Facial Nerve

ERME Chorda Tympani Nerve

B4R Geniculate Ganglion
EIRIE Glossopharyngeal Nerve
FTHE Hypoglossal Nerve
BhER##E Oculomotor Nerve
IR Olfactory Nerve
R Optic Nerve

#H%ZER Optic Chiasm

MR Optic Disk
ZR#EE Trigeminal Nerve

THR&BE Mandibular Nerve

FEWE Lingual Nerve

EER@E Maxillary Nerve

R4 Ophthalmic Nerve

=X A Trigeminal Ganglion
BHEMAEE Trochlear Nerve
HEMEE Vagus Nerve

MEIEHEE Laryngeal Nerve

REI®HE Recurrent Laryngeal Nerve

T Nodose Ganglion
RE/E Vestibulocochlear Nerve

A48 Cochlear Nerve

SR AMBH Spiral Ganglion

BIE#E Vestbular Nerve

22488 Schwann Cell
ffi%4 Myelin Sheath
B Neurilemma
SUE T Ranvier's Node
HEMEE Spinal Nerve
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EfFEE Median Nerve
FREME Musculocutaneous Nerve
A EEE Radial Nerve
RE#E Ulnar Nerve
HMEE Cervical Plexus
& Phrenic Nerve
BB ®E# Lumbosacral Plexus
KBEHE Femoral Nerve
ERfH 42 Obturator Nerve
S FHE Sciatic Nerve
BB Peroneal Nerve
BREE Tibial Nerve
ERM 9 Sural Nerve
HRiAER Spinal Nerve Root
ER Cauda Equina
YFAHAEEET  Spinal Ganglion
f@%# Thoracic Nerve
BRI Intercostal Nerve
LFF R Synapse
RAFTA Electrical Synapse
BEWRBIESSE Neuroeffector Junction
AR E R Neuromuscular Junction
ERIHIE Motor Endplate
S+ TARBE Presynaptic Terminal
BREEUBH Hippocampal Mossy Fiber
L+ TR Synaptic Membrane
L F T AP Synaptic Vesicle
B#% Sense Organ
F Ear
5+E External Ear
Hir Ear Auricle
S H3H Ear Canal
Efr®F Ear Cartilage
B Tympanic Membrane
©H Middle Ear
E/® Ear Ossicle
*R3F Incus
YFR Malleus
F7SH Stapes
HE Eustachian Tube
EE/ME Glomus Tympanicum
P7IEE; Stapedius
S$HEEREE Tensor Tympani
AE Inner Ear
334 Cochlea
BB EIR Basilar Membrane
#41)22738 Cochlear Aqueduct
#8345 Cochlear Duct
MEF Stria Vascularis
F|IE Tectorial Membrane
JILFEE Organ of Corti
BRAEMIE Auditory Hair Cell
MWAEEHA loner Auditory Hair Cell
S+ EHEA Outer Auditory Hair Cell
HREFIEMIT Labyrinth Supporting Cell
EM®E Ear Round Window
SRBE Scala Tympani
WIEERS Scala Vestibuli
SHAMEEE Spiral Ganglion
S AR Spiral Lamina
HIRE  Semicircular Canal
HME Semicircular Duct
BXEAEHEM Ampulla Hair Cell
BIGEHEE Labyrinth Vestibule
BFAE Ear Oval Window
BRESEEIE Saccule and Utricle
BB Acoustic Maculae
BIEEH E4BMR Vestibular Hair Cell
HAM Otolithic Membrane
BIEEAE Vestibular Aqueduct
R /38 Endolymphatic Duct
A28 Endolymphatic Sac
BE Eve
BRERAIED Anterior Eye Segment
HWIE Anterior Chamber
ERBE7K Aquecus Humer
AEME Corneal Endothelium
EH#{K Ciliary Body
$#I% Conjunctiva
8 Cornea
K~ Bowman Membrane
ARRY Corneal Stroma
FAAM Descemet Membrane
AIEME Corneal Endothelium
A LR Corneal Epithelium
AiE#H Limbus Corneae
8 lris
A Pupil
K&K Crystalline Lens
K RIEFAE Crystalline Lens Capsule
KEBKER Crystalline Lens Cortex
JKBEH Crystalline Lens Nucleus
R HM Trabecular Meshwork
BRER Evelid
#5I# Conjunctiva
BEE Eyelash
<AR—LER Meibomian Gland
R% Lacrimal Apparatus
BR%E Nasolacrimal Duct
BREE#ES Oculomotor Muscle
REBREFELE Pigment Epithelium of Eye
8 Retina
PRV HHRA Amacrine Cell
IEHABAAP Blood-Retinal Barrier
BRE Fundus Oculi
W Macula Lutea
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