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Abstract

Tau aggregation in neurofibrillary tangles is a pathological hallmark in tauopathies including
Alzheimer’s disease (AD). The predominant aggregation of certain MAPT (tau gene) isoforms,
either the 4-repeat (4R tau) or the 3-repeat (3R tau) isoform has been widely described in
tauopathies. Alterations of the 4R tau to 3R tau ratio may be a key for tau-related
neurodegeneration. To study the biological consequences in expression between tau splicing
isoforms 4R and 3R, we analyzed the main neurobiological effects of inclusion of the repeat
region coded by exon 10 in MAPT. We compared the transcriptional profiles of the 4R tau
isoforms to 3R tau isoforms using whole-genome gene expression profiling microarrays using
human neuroblastoma SH-SY5Y cell lines overexpressing either human 4R tau or 3R tau
isoforms. We identified 68 transcripts that differed significantly (at p < 0.001) between 4R and 3R
isoforms as conditioned on a second variant, the so-called 2N inclusion. We extended these
findings in a 2 x 2 ANOVA to examine interaction effects of these variants. Transcripts involved
in embryonic development were downregulated when exon 10 was present, while transcripts
related to outgrowth of neurites were generally upregulated. An important pathway implicated in
AD also differed between the 3R and 4R cell lines, Wnt signaling. These studies demonstrate
expression differences between MAPT isoforms 4R tau or 3R tau due to the inclusion/exclusion of
the repeat region coded for by exon 10. Our data add to complex findings on the role of 3R/4R in
normal and abnormal neuronal function and highlight several molecular mechanisms that might
drive neurodegeneration, or perhaps, set the stage for it.
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INTRODUCTION

In the adult human brain, alternative splicing of tau generates six isoforms that differ by the
regulated inclusion of two inserts near the N-terminus (or their absence, hereafter 2N and
ON) and either three or four imperfect repeat regions, corresponding to the microtubule-
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binding domains in the C-terminal [1]. Tau isoforms containing either three (3R) or four
(4R) microtubule-binding repeats are approximately equal in normal brain i.e., they are in a
50/50 ratio [2,3]. These ratios can be substantially altered in most of the neurodegenerative
tauopathies: increases in the 4R to 3R ratio have been described in frontotemporal dementia,
progressive supranuclear palsy, and sporadic corticobasal ganglionic degeneration [4—6]. In
Alzheimer’s disease (AD) an altered ratio is present due to an increase in 4R tau isoforms or
decrease in 3R tau levels, and resulting in an approximately 2:1 4R:3R ratio [7, 8].

Alternative RNA splicing and phosphorylation of tau are cellular mechanisms that regulate
microtubule stability. During embryonic and early developmental stages the 3R tau isoforms
are predominant, while in adult human brain all six tau isoforms are present [2,3]. Increased
phosphorylation occurs at embryonic stages when there is more neuronal plasticity while it
is relatively reduced in adult human brain compared to that in embryonic brain. Increased
tau phosphorylation reduces the amount of tau that binds to microtubules, and 3R tau
isoforms also bind less tightly than 4R tau to microtubules [9]. Hyperphosphorylation of tau
is thought to be pathogenic in tau-related toxicity in AD. The precise relationship between
3R:4R ratio, tau phosphorylation, tau microtubule stabilization, tau aggregation, and
ultimately, cell death is unknown (see [10] for an overview). Impact of the N terminal was
examined by Conrad and colleagues [8] who observed that AD-control classification was
well above chance using exon 2 presence or absence in a postmortem study.

In this study, we analyzed the primary biological effects of inclusion of the imperfect repeat
region coded for by exon 10 in MAPT using a human neuroblastoma cell line. When exon
10 is present, tau is considered 4R, when absent 3R. In order to further refine our analysis
we conditioned 4R and 3R contrasts on N terminal presence or absence of exons 2 and 3 in
tau. By comparing 4R tau isoforms to 3R tau isoforms using whole-genome gene expression
profiling microarrays, we were able to comprehensively and systematically determine the
downstream consequences of 4R and 3R at the level of individual transcripts and signaling
pathways.

MATERIALS AND METHODS

Cell culture and stable transfection of human 4R and 3R cDNAs

Human neuroblastoma SH-SY5Y cells were maintained at 37°C and 5% CO,, in Dulbecco’s
modified minimal essential medium (DMEM) (Life Technologies, Burlington, ON)
supplemented with 10% (v/v) fetal bovine serum (FBS), 1% (v/v) penicillin and
streptomycin (Life Technologies, Burlington, ON). SH-SY5Y cells were stable transfected
with a four repeat (plasmids: pRcCMV2-Tau A and pRcCMV2-Tau C) and three repeat
(plasmids: pRcCMV2-Tau B and pRcCMV2-Tau D) human tau cDNAs using
Lipofectamine™ 2000 (Invitrogen, CA) as follows: cells were plated at density of 2.5 x 10°
cells/well in six-well plates and grown until they reached 90% confluence. They were then
transfected in serum-free medium with 10 pl of Lipofectamine plus 4ug of plasmid and left
at 37°C for 5 h. After replacement of serum-free with complete medium, they were
maintained for an additional 48 h, trypsinized and plated in the presence of 400 ug/miG-418
(Invitrogen, CA) until all non-transfected cells were dead. Individual resistant colonies were
picked and maintain in the presence of G-418 (200 ug/ml).

Microarray experiments

Six experiments per each condition were performed using the stably transfected SH-SY5Y
cells overexpressing Tau A (4R/2N), Tau B (3R/2N), Tau C (4R/ON), and Tau D (3R/ON).
As noted when exon 10 is present, tau is considered 4R, when absent 3R. Tau isoforms A
and B have inclusions of two inserts near the N-terminus (exons 2 and 3), and will be
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hereafter called 2N. Tau C and Tau D lack those two inserts, and are hereafter called ON.
Thus, four isoforms were included in this study (Tau A, B, C, D).

Cells were plated at a density of 3.0 x 10° cells/well in six-well plates and grown for 24 h at
37°C and 5% CO,, in DMEM supplemented with 10% (v/v) FBS, 1% (v/v) penicillin and
streptomycin. Total RNA from cell lines was extracted using standard procedures as
described previously [11]. Briefly, total RNA (DNAse treated) was isolated using an
RNeasy kit with a QI-Ashredder column (Quiagen) and measured for quality using Agilent
2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). RIN values in this study were >
9.0. Microarrays were utilized according to the manufacturer’s guidelines (Illumina). Total
RNA (260 ng) was converted to cDNA by reverse transcription using ArrayScript™ reverse
transcriptase and T7-Oligo (dT)4 primers, followed by second-strand synthesis to generate
double-stranded cDNA. After purification, the cDNA was converted to biotin-labeled cRNA
(Totalprep™ RNA Labeling Kit, Ambion), hybridized to the microarray platform:
HumanWG-6_V2 Expression BeadChip (Illumina, San Diego, CA), and stained with
streptavidin-Cy3 for visualization (1.5 pg/20 pl cRNA loaded on the chip). A total of 24
microarrays were run (six experiments of neuroblastoma cells overexpressing Tau A, six
overexpressing Tau B, six overexpressing Tau C, and six overexpressing Tau D).

Data preprocessing

After the probe arrays were scanned, the resulting images were first pre-processed using the
BeadStudio software (Illumina, San Diego, CA), which calculates the mean fluorescence
signal across all 30-replicates of each gene/transcript (AVG_Signal) along with a detection
score that represents the probability that the mean signal for each gene/transcript on the chip
is greater than background (i.e., detection p-value). Genes/transcripts were defined as being
significantly expressed above background (as detected by the array) when each gene’s
detection p-value was < 0.001. The expression data were then normalized within quantiles
across samples of the distribution of gene expression values.

BeadStudio calculates background as the average signal intensity estimated from the
negative control bead types (~700) and removes outliers using the median absolute deviation
method (lllumina, BeadStudio). However, previous studies [12] and our own pilot studies
indicated that background subtraction had a negative impact on data quality (e.g., it lowered
correlation coefficients between technical replicates), so we therefore exported data that
were normalized, but that did not undergo background subtraction. As a result of this
processing 20107 of 48701 possible transcripts met quality control criteria and were used in
all subsequent analyses in BRB Array Tools 3.7, a statistical software package designed for
microarray analysis developed by NIH (http://linus.nci.nih.gov/BRB-ArrayTools.html).

Statistical analysis

Normalized data were imported to BRB-Array Tools and processed within the univariate
module. First we examined the isoforms using a conservative Venn-type approach designed
to yield robust and consistent differences between 3R and 4R isoforms. We thus conditioned
3R versus 4R contrasts on the presence or absence of 2N (i.e., 2N and ON).We identified
those transcripts which both differed significantly (p < 0.001) and differed in the same
direction (i.e., up or down regulated) in the two separate 3R-4R contrasts. Thus we
contrasted Tau A versus Tau B (2N present) and Tau C versus Tau D (2N absent). Six
biological replicates were averaged in each group. Likelihood ratio test statistics (F test)
were used to investigate the significance of the difference score between the classes i.e., an
F-test was computed separately for each gene using the normalized intensities. We report p
values for the class variable only. Expression differences were considered statistically
significant if their p values were less than 0.001. We limited the proportion of false
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discoveries using a multivariate permutation test in which the FDR was set at 0.10. We then
selected the transcripts that differed significantly and in the same direction for further heat
map analyses, pathway analyses, and discussion.

We also conducted a second set of parametric statistical analyses by examining the data in a
2 (3R/4R) x 2 (2N/ON) ANOVA in the BRB statistical environment using the A*B model.
As a result we could detect main effects of 3R-4R isoforms, main effects of 2N-ON
isoforms, and interactions.

Hierarchical clustering of expression changes

Hierarchical clustering of transcript difference scores was performed using Euclidean
distance as a distance metric and complete linkage. The cluster analysis of transcripts (and
cases) produced a heat map image in which the rows in the image plot represent the
transcripts, and the columns in the image plot represent the neuroblastoma cell line samples.

Biological and signaling pathways analyses (KEGG)

Goeman’s Global Test is a logistic regression model that tests the null hypothesis that there
are no genes within a given set (pathway) that are differentially expressed using an exact
permutation method (n = 10000) to determine an exact p value [13,14].

Real-time quantitative polymerase chain reaction (RTg-PCR)

For selected transcripts (10 genes), showing differential expression between the 3R and 4R
groups, cD-NA synthesis was generated for each sample with the Ambion reverse
transcription Kit and oligo dT primer. For each sample, amplified product differences were
measured with two replicates with locked nucleic acid (LNA) chemistry-based detection.
For housekeeping genes, primers, and probes used, see Supplementary Table 1 (available
online: http://www.j-alz.com/issues/22/vol22-4.html# supplementarydata05). The RT-qgPCR
reactions were carried out in an ABI Prism 7900HT thermal cycler (Applied Biosystems
Inc.), determining the AACt and fold changes. Statistical analysis on 3R and 4R difference
scores was performed using a Student’s t-test in Microsoft Excel.

IPA analysis: functional analysis of the 68 transcripts

We ascertained the biological significance of the transcripts found to be significant by F test
and FDR (n = 68, see below) for both comparisons (Tau A vs. Tau B; Tau C vs. Tau D)
using Ingenuity Pathway Analysis application (IPA/Ingenuity Systems,
http://www.ingenuity.com) [15].

We first entered our transcripts of interest. Fold changes for each transcript were also
included in order to refine the specificity of the analysis for both comparisons A vs. B and C
vs. D. The Functional Analysis identified the biological functions and/or pathways that were
most significant to the data set. Genes from the dataset that were associated with biological
functions and/or pathways in the Ingenuity Pathways Knowledge Base were considered for
the analysis. Fisher’s exact test was used to calculate a p-value determining the probability
that each biological function assigned to that data set was found by chance.

RESULTS

Transcripts differentially expressed between 4R and 3R isoforms (3R-4R contrast
conditioned on 2N-0N)

In order to identify the main biological effects of 3R-4R we compared the effects of
overexpressing 4R isoforms vs. 3R isoforms. We first compared transcripts differentially

J Alzheimers Dis. Author manuscript; available in PMC 2012 April 10.


http://www.j-alz.com/issues/22/vol22-4.html#supplementarydata05
http://www.ingenuity.com

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chen et al.

Hierarchical

RT-gPCR

Page 5

expressed between a stable SH-SY5Y cell line overexpressing Tau A isoform (4R/2N) and a
stable SH-SY5Y cell line overexpressing Tau B isoform (3R/2N), we called A vs. B
comparison. We identified 132 differentially expressed transcripts that differed significantly
(at p < 0.001) between A and B groups on the univariate test. The global p value for the
analysis was significant (p = 0.002). We next compared transcripts differentially expressed
between a stable SH-SY5Y cell line overexpressing Tau C isoform (4R/ON) and a stable
SH-SY5Y cell line overexpressing Tau D isoform (3R/ON). We identified 112 differentially
expressed transcripts that differed significantly (at p < 0.001) between C and D groups on
the univariate test. The global p value for the analysis was significant (p = 0.002).

Last and critically in this conservative approach, we determined transcripts in common
between both the A vs. B and the C vs. D comparisons that were also regulated in the same
direction using these criteria (Figs 1 and 2).

We identified 68 transcripts corresponding to genes from RefSeq and UniGene. The 68
transcripts, their exact p values, and fold change score for both comparisons are listed in
Table 1 (Differentially expressed transcripts between both comparisons A vs. B and C vs. D
are listed in Tables 2 and 3 in Supplementary Material).

clustering of expression changes

As shown in the heat map image (Fig. 3) the hierarchical clustering of expression changes
demonstrated that in the two 4R groups (A and C), 36 of the significant transcripts identified
by univariate statistics demonstrated differences in expression that were associated with
strong upregulation (i.e., “red” cells). The 3R groups (B and D) demonstrated
downregulation for the same 36 transcripts. The reverse pattern was shown for the 32
remaining transcripts. The A and C groups and the B and D groups both demonstrated
similar magnitude of expression differences. Similarly, as shown in the Fig. 1 in
Supplementary Material, the clustering dendrogram indicated that 3R cells, irrespective of
2N/ON, formed one large cluster (i.e., labeled Bs and Ds), and 4R cells (labeled As and Cs)
formed a second large cluster.

We validated our microarray findings in 10 transcripts that were selected from the list of 68
transcripts: CNTNAP2, DKK1, DNER, EMILIN2, FOXC1, NPY, PPP2R2C, PRKCA,
ROBO2, and VIP. These transcripts were chosen on the basis of their statistical significance,
role in key biological or signaling pathways, and possible relevance to AD. They are listed
in Table 2, along with p value significance levels as determined by t-test and fold changes.
Critically, for each and every positive finding, we found that the pattern of RT-gPCR results
was consistent with that of the microarray results in terms of regional up-or down-regulation
for the 4R and 3R groups. We also examined two more transcripts, AXIN2 and CTNNBL,
the end products of the Wnt signaling canonical pathway for RT-gPCR (see below).

Functional analysis of the 68 transcripts: biological functions

In order to examine the biological significance of our findings we conducted a functional
analysis of the interrelationships among the 68 transcripts identified as differing
significantly between the 4R and 3R cell line groups on the univariate test using IPA.
Results indicate that these 68 transcripts are implicated in several biological functions as
follows below. These transcripts and their biological functions are listed in Table 3.

Transcripts involved in embryonic development

Of the 68 transcripts, eleven were present in the Embryonic Development biological
function with Fisher’s Exact Test p values ranging from 1.52E-04 to 4.45E-02 for
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subclassifications. From the eleven transcripts, one transcript (RAC2) was upregulated in the
4R isoform group with respect to the 3R isoform group, while ten transcripts were
consistently downregulated in the 4R isoform group with respect to the 3R isoform group:
CD9, DKK1, FOXC1, HMX2, HOXD10, LPARL, LRP4, RET, ROBO2, and VIP. Of these
ten transcripts, we selected four of them for validation by RTqPCR: DKK1, FOXC1, ROBO
and VIP (see section in RT-qPCR below).

Transcripts involved in neuronal cell morphology: outgrowth of neurites

Sixteen transcripts were present in the Cell Morphology biological function with Fisher’s
Exact Test p values ranging from 9.84E-06 to 4.96E-02 for subclassifications. From these
sixteen transcripts, seven were directly involved in outgrowth of neurites. One of the
common markers for neuronal cell differentiation is the increase in neurite outgrowth. Five
of these transcripts were upregulated by the 4R isoformin our study: CNT-NAP2, DNER,
PPP2R2C, SGK1, and SYT13. Two of them, CD9 and RET, were downregulated.

Transcripts involved in cellular growth and proliferation

Sixteen transcripts were present in the Cellular Growth and Proliferation biological function
with Fisher’s Exact Test p values ranging from 4.78E-04 to 4.35E-02 for subclassifications.
Of the sixteen transcripts, five were upregulated: EMILIN2, NPY, PPP2R2C, RAC2, and
SIX6. Eleven transcripts were consistently downregulated in the 4R isoform group with
respect to the 3R isoform group, for both comparisons: CD9, DACH1, DKK1, FOXC1,
HMX2, LPAR1, LUM, PRKCA, RET, TNFAIPS6, and VIP. Most of these downregulated
transcripts are involved in neuronal proliferation and survival, and suggest that those
functions are decreased in Tau 4R.

Transcripts involved in cell death

For the Cell Death biological function, fifteen transcripts were present with Fisher’s Exact
Test p values from 9.07E-04 to 4.98E-02 for subclassifications. Of the fifteen transcripts,
seven transcripts were consistently upregulated in the 4R isoform group with respect to the
3R isoform group, for both comparisons: EMILIN2, MGST1, NELL1, PPP2R2B, RAC2,
SCG5, and SGK1. Eight transcripts were downregulated: CD9, DACH1, DKK1, DUSP6,
LPAR1, PRKCA, RET, and VIP. Four (VIP, LPAR1, RET and PRKCA) have been
implicated in neuronal survival.

KEGG signaling pathways

One significant gene set was identified with Goeman’s global test p values of p < 0.002
within the 68 differentially expressed transcripts: the Wnt signaling pathway. Significant
transcripts (p < 0.005) that differed between 4R and 3R included: RAC2, PPP2R2B,
PPP2R2C, DKK1, and PRKCA. This Kyoto pathway is of interest because has been
implicated in prior studies of AD.

2 x 2 ANOVA Analysis

The ANOVA identified 102 transcripts as a main effect of the 3R-4R contrast. These are
listed in Table 4. Critically, but not unexpectedly, all 68 of the genes that we identified
above using our conservative Venn-type approach were included in this set of transcripts.

For the main effect of 2N-ON, we identified 56 genes that differed significantly. These are
listed in Table 5. Of these genes, 52 also demonstrated 3R-4R main effect differences.

Last, 130 transcripts demonstrated an interaction effect listed in Table 6. (The majority of
these also were subject to 3R-4R main effects). The interactions did not show a clear pattern.
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DISCUSSION

To the best of our knowledge, this is the first study to examine the downstream
consequences of 3R and 4R isoforms, controlling for the presence or absence of 2N. In this
study, we focused on and demonstrated expression differences between MAPT isoforms 4R
tau and 3R tau in multiple transcripts, independent of inclusion/exclusion of 2N. As based
on our analytic plan sixty eight transcripts were found to be common to both 3R-4R
comparisons and were also identical in direction of regulation.

Comments about specific transcripts and signaling pathways

We found consistent evidence that transcripts involved in embryonic development were
downregulated in the presence of 4R isoforms, and that transcripts related to outgrowth of
neurites were generally upregulated. These data suggested that inclusion of the exon 10 may
play a key role in neuronal maturation. Additionally, transcripts implicated in cell
proliferation and survival were usually downregulated in 4R isoforms. Our data are in
agreement with previous work by Sennvik et al. [16] that established a role for 4R tau
isoforms in promoting neuronal differentiation and suppressing proliferation in hippocampus
using a tau knockin/knockout mouse.

Embryonic development

ROBO?2 has a crucial role in axon guidance in the mammalian central nervous system. It is
strongly expressed in the fetal human brain but weakly expressed in adult brain [17].
ROBO2 mediates the function of Slit proteins in guiding commissural axons of the major
forebrain projections [18]. LPARL1 activation induces a range of cellular responses: cell
proliferation and survival, cell migration, and cytoskeletal changes [19]. In cortical neurons,
LPA signaling inhibits migration by inducing neurite retraction and growth cone collapse
[20,21]. LPA signaling has also been reported to influence survival [22]. VIP protein plays a
role as neuromodulator in cell growth and differentiation during neurodevelopment [23]. It
has been widely shown to have a neuroprotective effect decreasing the death of neurons in a
wide range of experimental models [24,25]. RET is a member of the cadherin family, and
encodes one of the receptor tyrosine kinases, which are cell-surface molecules that transduce
signals for cell growth and differentiation. This gene plays a crucial role in neural crest
development. As the transcripts involved in embryonic development were generally
downregulated in Tau 4R, this isoform may play a role in reducing neuronal growth or
plasticity.

Cell morphology

SYT13, synaptotagmin XIII, is active throughout the entire synapse formation process,
being involved in vesicle docking, exocytosis, and endocytosis of synaptic vesicles, and
contributing to neurite extension [26]. In neuroblastoma and PC12 cells, overexpression of
human synaptotagmin protein(s) increases outgrowth of neurites and plays a role in neuronal
differentiation [27, 28]. PPP2R2C, protein phosphatase 2 (formerly 2A), regulatory subunit
B, gamma isoform is one of the four major Ser/Thr phosphatases, and it is implicated in the
negative control of cell growth and division. Overexpression of PPP2R2C promotes neurite
outgrowth through the MAPK pathway, a key mediator of neuronal differentiation [29].
Contactin associated protein-like 2 (CNTNAP2) protein is a cell adhesion molecule member
of the neurexin family that contains EGF repeats and laminin G domains. CNTNAP2 is a
neuronal membrane protein expressed in the axonal membrane and in the somatodendritic
compartment [30]. It may play a role in the local differentiation of the axon into distinct
functional subdomains. Serum and glucocorticoid inducible kinase 1 (SGK1) has been
shown to increase neurite outgrowth in cultured hippocampal neurons through microtubule
depolarization [31]. SGK1 expression is transcriptionally regulated by the MAPK/ERK
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pathway [32]. Blocking of CD9, a cell surface glycoprotein that participates in growth and
differentiation in the nervous system, has been shown to promote neurite outgrowth [33].
This complex pattern of results may be consistent with increased neuronal outgrowth when
4R isoform is present.

Cell proliferation

Cell death

Of the 4R upregulated transcripts, the neuropeptide Y(NPY) is widely expressed in the
central nervous system and has recently been shown to stimulate neurogenesis in the
hippocampus and subventricular zone. Intracerebroventricular injection of NPY stimulates
proliferation of neural precursors in the mice dentate gyrus and in the subventricular zone,
and promotes differentiation of neuronal progenitors in adult mice in vivo [34, 35]. In
neuroblastoma cell lines, NPY protein has been shown to decrease in a dose-dependent
manner proliferation [36]. Another upregulated transcript was RAC2. This gene has been
implicated in axon growth, guidance and dendrite spine formation and maintenance [37,38].
Rho GTPases are essential regulators of cytoskeletal reorganization during neuronal
morphogenesis. Activation of the non-canonical Wnt pathway through disheveled, RAC and
JNK affects dendritic development [39]. Our data suggest that the non-canonical wnt
pathway is regulated by the presence/absence of tau exon 10 through the activation of RAC2
(see below KEGG signaling pathway).

The data also suggest a complex role for 3R-4R differences in the cell death process. At the
level of individual transcripts involved in cell death, EMILIN2, MGST1, NELL1,
PPP2R2B, RAC2, SCG5, and SGK1 were upregulated in 4R, while some transcripts
implicated in neuronal survival processes were downregulated (e.g., VIP, LPAR1, RET, and
PRKCA).

To summarize, transcripts involved in cellular growth and proliferation were generally
downregulated in 4R isoforms while transcripts involved in neurite outgrowth were
generally upregulated. Exon 10 thus may diminish proliferation and survival while
increasing neurite outgrowth. Additionally cell death transcripts involved in neuronal
survival were downregulated in 4R tau, in concordance with our results.

A major pathway that was differentially activated by depending on 3R or 4R status was the
Whnt/B-catenin signaling implicated in AD. Wnt proteins can signal through disheveled
(Dvl): 1) to inhibit GSK-3p (canonical pathway); 2) to regulate RAC (non-canonical
pathway); or 3) to activate a Ca2* dependent pathway (non-canonical pathway). For the
canonical pathway B-catenin mediated transcriptional activation is involved; for the non-
canonical pathway RAC and Ca?* signaling are involved. If the canonical pathway was
activated we would be able to detect increased expression of the Wnt canonical pathway
main products, B-catenin and the endogenous target gene Axin2 [40]. We conducted RT-
gPCR for p-catenin andAxin2 in order to determine if differential expression between 4R
and 3R isoforms was present (Table 2). Our results were consistent with the microarray
study in which we showed no significant differences for both genes between isoforms 4R
and 3R, suggesting no activation of the final products of the Wnt canonical pathway. While
activation of the canonical Wnt pathway does not affect dendritic development, activation of
the non-canonical Wnt pathway through disheveled, RAC and JNK does so [39]. Our data
suggest involvement of the wnt non-canonical pathway regulated by the presence/absence of
exon 10 through the activation of RAC2. The Rho family of GTPases including RAC2, play
an important role in various aspects of neuronal development such as neurite outgrowth and
differentiation, axon pathfinding, and dendritic spine formation and maintenance [38]. Thus,
our data suggest that 4R isoforms engage the non-canonical wnt signaling pathway, perhaps
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through RAC2. This pathway may affect dendritic development through disheveled, RAC,
and JNK.

Nevertheless, the relatively large number of transcripts that were involved in
neurodevelopment and maturation was unexpected. We had predicted that the majority of
our findings would involve transcripts or pathways ostensibly involved in
neurodegeneration. When we compared our findings to a postmortem brain microarray study
of tauopathies we found a single gene in common (FOXC1) [41]. When we contrasted our
results to a postmortem microarray study that examined tangle bearing neurons in AD [42]
we did not find any genes in common.

Our study is also subject to a number of technical limitations. We used a neuroblastoma cell
culture, which may yield slightly different results than if primary cultured neurons were
used. For the sake of incisive experimental design we used cells which produced either 3R
or 4R isoforms, which may not fully reflect more subtle differences in 3R/4R ratios in vivo.
Additionally, our FDR approach was conservative, based on presumptive independence
among all probes.

In conclusion, this study demonstrated that expression differences between 4R tau and 3R
tau isoforms are present independent of the inclusion/exclusion of 2N (exons 2-3). Our data
add to complex findings on the role of 3R/4R in normal and abnormal neuronal function and
highlight several molecular mechanisms that might drive neurodegeneration, or perhaps, set
the stage for it.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Tau isoforms overexpressed on SH-SY5Y cell lines. Tau 4R (A and C) and Tau 3R (B and

D).
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Avs B Cvs. D

Fig. 2.
Transcripts Differentially Expressed Due to Exon 10: Venn diagram of comparisons A vs. B

and C vs. D. Left circle: A vs. B comparison identifying 132 transcripts differentially
expressed that differed significantly (at p < 0.001) between A and B groups on the univariate
test. Right circle: C vs. D comparison identifying 112 transcripts differentially expressed
that differed significantly (at p < 0.001) between C and D groups on the univariate test.
Overlapping area: 68 transcripts in common between both comparisons: A vs. B and C vs. D
that were also regulated in the same direction of up or down-regulated.
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Fig. 3.

Heat map showing up-and down-regulation for the 68 transcripts identified as significant
between the two 4R groups (A and C) and the 3R groups (B and D). The 68 transcripts
identified as significant (all p-values < 0.001) in the univariate analysis are on the y axis and
cell lines overexpressing tau isoforms are one the x axis. Log intensities of 68 transcripts are
represented in colored cells. Red cells indicate relatively strong upregulation for the
transcripts in that particular cell line overexpressing the tau 4R or tau 3R, whereas green
cells indicate the converse.
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Table 3
Biological functions as determined by 3R/4R contrast conditioned by 2N/ON

Embryonic Neuronal cell Cellular growth Cell
development morphology proliferation death

p-value 1.52E-04-4.45E-02  9.84E-06-4.96E-02  4.78E-04-4.35E-02  9.07E-04-4.98E-02

Molecules RAC2 CNTNAP2 NPY NELL1
LRP4 SGK1 RAC2 MGST1
LPAR1 SYT13 EMILIN2 RAC2
CD9 TNNT1 VIP SGK1
ROBO2 DNER HMX2 EMILIN2
DKK1 ACTA2 FOXC1 DUSP6
VIP VIP CD9 VIP
HMX2 CD9 LPAR1 LPAR1
RET LPAR1 LUM CD9
FOXC1 SERPINA5 SIX6 SCG5
HOXD10 SCG5 DACH1 PPP2R2B
LUM PPP2R2C DACH1
PPP2R2C DKK1 DKK1
ROBO2 TNFAIP6 RET
DKK1 RET PRKCA
RET PRKCA
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Table 4
Table of significant transcripts for testing “Class 3R vs. 4R” main effect (102 transcripts were found
significant at level 0.001)
RefSeq Gene symbol  Entrez Gene name p-value
transcript ID
NM_174941 CD163L1 Homo sapiens CD163 molecule-like 1 (CD163L1), mRNA. 0.00E+00
NM_032048 EMILIN2 Homo sapiens elastin microfibril interfacer 2 (EMILIN2), mRNA. 0.00E+00
NM_207334 FAM43B Homo sapiens family with sequence similarity 43, member B (FAM43B), mRNA. 0.00E+00
NM_144594 GTSF1 Homo sapiens gametocyte specific factor 1 (GTSF1), mRNA. 0.00E+00
NM_005519 HMX2 Homo sapiens H6 family homeobox 2 (HMX2), mRNA. 0.00E+00
AB073882 Hs.1832 Homo sapiens primary neuroblastoma cDNA, clone:Nbla00830, full insert sequence 0.00E+00
NM_021048 MAGEA10 Homo sapiens melanoma antigen family A, 10 (MAGEAL10), transcript variant 2, mMRNA. 0.00E+00
NM_000905 NPY Homo sapiens neuropeptide Y (NPY), mRNA. 0.00E+00
XM_001133042 PDZRN3 PREDICTED: Homo sapiens PDZ domain containing RING finger 3 (PDZRN3), mRNA. 0.00E+00
XM_001133042 PDZRN3 PREDICTED: Homo sapiens PDZ domain containing RING finger 3 (PDZRN3), mRNA. 0.00E+00
NM_002942 ROBO2 H%n':&sapiens roundabout, axon guidance receptor, homolog 2 (Drosophila) (ROBO2), 0.00E+00
m .
NR_002784 SMEK3P Homo sapiens SMEK homolog 3, suppressor of mek1 (Dictyostelium) pseudogene 0.00E+00
(SMEK3P) on chromosome X.
NM_007115 TNFAIP6 Homo sapiens tumor necrosis factor, alpha-induced protein 6 (TNFAIP6), mRNA. 0.00E+00
NM_018027 FRMD4A Homo sapiens FERM domain containing 4A (FRMD4A), mRNA. 0.00E+00
NM_001769 CD9 Homo sapiens CD9 molecule (CD9), mRNA. 0.00E+00
NM_002334 LRP4 Homo sapiens low density lipoprotein receptor-related protein 4 (LRP4), mRNA. 0.00E+00
NM_017637 BNC2 Homo sapiens basonuclin 2 (BNC2), mRNA. 0.00E+00
NM_139072 DNER Homo sapiens delta/notch-like EGF repeat containing (DNER), mRNA. 0.00E+00
NM_000624 SERPINA5 Homo sapiens serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), 0.00E+00
member 5 (SERPINA5), mRNA.
NM_003020 SCG5 Homo sapiens secretogranin V (7B2 protein) (SCG5), mRNA. 0.00E+00
NM_194435 VIP Homo sapiens vasoactive intestinal peptide (VIP), transcript variant 2, mMRNA. 0.00E+00
NM_018286 TMEM100 Homo sapiens transmembrane protein 100 (TMEMZ100), transcript variant 2, mMRNA. 0.00E+00
NM_020975 RET Homo sapiens ret proto-oncogene (RET), transcript variant 2, mRNA. 0.00E+00
NM_013364 PNMA3 Homo sapiens paraneoplastic antigen MA3 (PNMA3), mRNA. 0.00E+00
NM_002737 PRKCA Homo sapiens protein kinase C, alpha (PRKCA), mRNA. 0.00E+00
NM_001290 LDB2 Homo sapiens LIM domain binding 2 (LDB2), mRNA. 0.00E+00
BX537518 Hs.7023 Homo sapiens mMRNA; cDNA DKFZp686N1989 (from clone DKFZp686N1989) 0.00E+00
NM_001013653 LRRC26 Homo sapiens leucine rich repeat containing 26 (LRRC26), mRNA. 0.00E+00
NM_001453 FOXC1 Homo sapiens forkhead box C1 (FOXC1), mRNA. 0.00E+00
NM_182801 EGFLAM Homo sapiens EGF-like, fibronectin type 111 and laminin G domains (EGFLAM), transcript 0.00E+00
variant 4, mMRNA.
NM_004100 EYA4 Homo sapiens eyes absent homolog 4 (Drosophila) (EYA4), transcript variant 1, mRNA. 0.00E+00
NM_201630 LRRN2 Homo sapiens leucine rich repeat neuronal 2 (LRRNZ2), transcript variant 2, mRNA. 0.00E+00
NM_080760 DACH1 Homo sapiens dachshund homolog 1 (Drosophila) (DACH1), transcript variant 2, mRNA. 0.00E+00
NM_152330 FRMD6 Homo sapiens FERM domain containing 6 (FRMD6), transcript variant 2, mMRNA. 0.00E+00
NM_173662 RNF175 Homo sapiens ring finger protein 175 (RNF175), mRNA. 0.00E+00
NM_013322 SNX10 Homo sapiens sorting nexin 10 (SNX10), mRNA. 0.00E+00
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RefSeq Gene symbol  Entrez Gene name p-value
transcript ID
NM_001613 ACTA2 Homo sapiens actin, alpha 2, smooth muscle, aorta (ACTA2), mRNA. 0.00E+00
NM_001001995 GPM6B Homo sapiens glycoprotein M6B (GPM6B), transcript variant 1, mRNA. 0.00E+00
NM_003283 TNNT1 Homo sapiens troponin T type 1 (skeletal, slow) (TNNT1), mRNA. 0.00E+00
NM_001915 CYB561 Homo sapiens cytochrome b-561 (CYB561), transcript variant 1, mRNA. 0.00E+00
NM_033258 GNG8 Homo sapiens guanine nucleotide binding protein (G protein), gamma 8 (GNG8), mRNA. 0.00E+00
NM_002148 HOXD10 Homo sapiens homeobox D10 (HOXD10), mRNA. 0.00E+00
NM_057159 LPAR1 Homo sapiens lysophosphatidic acid receptor 1 (LPAR1), transcript variant 2, mRNA. 0.00E+00
NM_001946 DUSP6 Homo sapiens dual specificity phosphatase 6 (DUSP6), transcript variant 1, mMRNA. 0.00E+00
NM_145764 MGST1 Homo sapiens microsomal glutathione S-transferase 1 (MGST1), transcript variant 1d, 0.00E+00

mMRNA.
NM_018962 DSCR6 Homo sapiens Down syndrome critical region gene 6 (DSCR6), mRNA. 0.00E+00
NM_014141 CNTNAP2 Homo sapiens contactin associated protein-like 2 (CNTNAP2), mRNA. 0.00E+00
NM_002872 RAC2 Homo sapiens ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding 0.00E+00
protein Rac2) (RAC2), mRNA.
NM_020826 SYT13 Homo sapiens synaptotagmin X111 (SYT13), mRNA. 0.00E+00
NM_001039582 PNCK Hcl;r'n’\lc)nA sapiens pregnancy upregulated non-ubiquitously expressed CaM kinase (PNCK), 0.00E+00
m .
NM_020630 RET Homo sapiens ret proto-oncogene (RET), transcript variant 4, mRNA. 0.00E+00
NM_003619 PRSS12 Homo sapiens protease, serine, 12 (neurotrypsin, motopsin) (PRSS12), mRNA. 0.00E+00
NM_006157 NELL1 Homo sapiens NEL-like 1 (chicken) (NELL1), mRNA. 0.00E+00
NM_014817 KIAA0644 Homo sapiens KIAA0644 gene product (KIAA0644), mRNA. 0.00E+00
XM_939093 FAMB89A PF};I?\II?AICTED: Homo sapiens family with sequence similarity 89, member A (FAM89A), 0.00E+00
m .
NM_181876 PPP2R2C protein phosphatase 2, subunit B, gamma isoform (PPP2R2C), transcript variant 2, mMRNA. 0.00E+00
NM_012242 DKK1 Homo sapiens dickkopf homolog 1 (Xenopus laevis) (DKK1), mRNA. 0.00E+00
NM_006017 PROM1 Homo sapiens prominin 1 (PROM1), mRNA. 0.00E+00
BX100246 Hs.38132 BX100246 Soares fetal liver spleen INFLS Homo sapiens cDNA clone IMAGp998N04398, 0.00E+00
mRNA sequence
NM_001001995 GPM6B Homo sapiens glycoprotein M6B (GPM6B), transcript variant 1, mRNA. 0.00E+00
NM_002345 LUM Homo sapiens lumican (LUM), mRNA. 0.00E+00
NM_007374 SIX6 Homo sapiens SIX homeobox 6 (SIX6), mMRNA. 0.00E+00
NM_181676 PPP2R2B Homo sapiens protein phosphatase 2 (formerly 2A), regulatory subunit B, beta isoform 0.00E+00
(PPP2R2B), transcript variant 4, mRNA.
NM_005627 SGK Homo sapiens serum/glucocorticoid regulated kinase (SGK), mRNA. 0.00E+00
NM_020975 RET Homo sapiens ret proto-oncogene (RET), transcript variant 2, mRNA. 0.00E+00
NM_020775 KIAA1324 Homo sapiens KIAA1324 (KIAA1324), mRNA. 0.00E+00
NM_002930 RIT2 Homo sapiens Ras-like without CAAX 2 (RIT2), mRNA. 0.00E+00
NM_080390 TCEAL2 Homo sapiens transcription elongation factor A (SlI)-like 2 (TCEAL2), mRNA. 0.00E+00
NM_021170 HES4 Homo sapiens hairy and enhancer of split 4 (Drosophila) (HES4), mRNA. 0.00E+00
NM_001475 GAGE5 Homo sapiens G antigen 5 (GAGES5), mRNA. 0.00E+00
NM_130467 PAGES5 Homo sapiens P antigen family, member 5 (prostate associated) (PAGES), transcript variant 0.00E+00
1, mRNA.
NM_004431 EPHA2 Homo sapiens EPH receptor A2 (EPHA2), mRNA. 0.00E+00
NM_182898 CREB5 Homo sapiens CAMP responsive element binding protein 5 (CREBS), transcript variant 1, 0.00E+00

mMRNA.
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RefSeq Gene symbol  Entrez Gene name p-value
transcript ID
NM_001476 GAGES6 Homo sapiens G antigen 6 (GAGEG), mRNA. 0.00E+00
NM_001475 GAGES5 Homo sapiens G antigen 5 (GAGES), mRNA. 0.00E+00
NM_001099660 LRRN3 Homo sapiens leucine rich repeat neuronal 3 (LRRN3), transcript variant 1, mRNA. 0.00E+00
NM_004192 ASMTL Homo sapiens acetylserotonin O-methyltransferase-like (ASMTL), mRNA. 0.00E+00
NM_004192 ASMTL Homo sapiens acetylserotonin O-methyltransferase-like (ASMTL), mRNA. 0.00E+00
NM_001474 GAGE4 Homo sapiens G antigen 4 (GAGE4), mRNA. 0.00E+00
NM_020822 KCNT1 Homo sapiens potassium channel, subfamily T, member 1 (KCNT1), mRNA. 0.00E+00
NM_001098409 GAGE12G Homo sapiens G antigen 12G (GAGE12G), mRNA. 0.00E+00
XM_938742 SGPP2 PREDICTED: Homo sapiens sphingosine-1-phosphate phosphotase 2 (SGPP2), mRNA. 0.00E+00
NM_014550 CARD10 Homo sapiens caspase recruitment domain family, member 10 (CARD10), mRNA. 0.00E+00
NM_001098411 LOC645037 Homo sapiens similar to GAGE-2 protein (G antigen 2) (LOC645037), mRNA. 0.00E+00
NM_001477 GAGE12I Homo sapiens G antigen 121 (GAGE12l), mRNA. 0.00E+00
NM_004617 TMA4SF4 Homo sapiens transmembrane 4 L six family member 4 (TM4SF4), mRNA. 1.00E—04
NM_012202 GNG3 Homo sapiens guanine nucleotide binding protein (G protein), gamma 3 (GNG3), mRNA. 1.00E-04
NM_014220 TM4SF1 Homo sapiens transmembrane 4 L six family member 1 (TM4SF1), mRNA. 1.00E-04
NM_001031733 CALML4 Homo sapiens calmodulin-like 4 (CALML4), transcript variant 2, mRNA. 1.00E—04
NM_020116 FSTL5 Homo sapiens follistatin-like 5 (FSTL5), mRNA. 2.00E-04
NM_006528 TFPI2 Homo sapiens tissue factor pathway inhibitor 2 (TFP12), mRNA. 2.00E-04
NM_207336 ZNF467 Homo sapiens zinc finger protein 467 (ZNF467), mRNA. 2.00E—04
NM_004864 GDF15 Homo sapiens growth differentiation factor 15 (GDF15), mRNA. 2.00E-04
NM_152780 MAP7D2 Homo sapiens MAP7 domain containing 2 (MAP7D2), mRNA. 3.00E-04
NM_133505 DCN Homo sapiens decorin (DCN), transcript variant C, mRNA. 3.00E-04
NM_022450 RHBDF1 Homo sapiens rhomboid 5 homolog 1 (Drosophila) (RHBDF1), mRNA. 3.00E-04
NM_172081 CAMK2B Homo sapiens calcium/calmodulin-dependent protein kinase (CaM kinase) 11 beta 4.00E-04

(CAMKZ2B), transcript variant 5, mMRNA.
NM_177526 PPAP2C Homo sapiens phosphatidic acid phosphatase type 2C (PPAP2C), transcript variant 2, mMRNA.  5.00E—04
NM_000582 SPP1 Homo sapiens secreted phosphoprotein 1 (SPP1), transcript variant 2, mRNA. 6.00E-04
NM_183337 RGS11 Homo sapiens regulator of G-protein signaling 11 (RGS11), transcript variant 1, mRNA. 7.00E-04
NM_194439 RNF212 Homo sapiens ring finger protein 212 (RNF212), mRNA. 8.00E-04
NM_002414 CD99 Homo sapiens CD99 molecule (CD99), transcript variant 1, mMRNA. 9.00E-04
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Table 5

Page 23

Table of significant transcripts for testing “Class 2N vs. ON”” main effect (56 transcripts were found significant

at level 0.001)

RefSeq Gene symbol  Entrez Gene name p-value
transcript ID
NM_002334 LRP4 Homo sapiens low density lipoprotein receptor-related protein 4 (LRP4), mRNA. 0.00E+00
XM_939093 FAMB89A PIEI%\EAICTED: Homo sapiens family with sequence similarity 89, member A (FAM89A), 0.00E+00
m .
NM_001769 CD9 Homo sapiens CD9 molecule (CD9), mRNA. 0.00E+00
NM_018286 TMEM100 Homo sapiens transmembrane protein 100 (TMEMZ100), transcript variant 2, mMRNA. 0.00E+00
NM_182898 CREB5 Homo sapiens CAMP responsive element binding protein 5 (CREBS), transcript variant 1, 0.00E+00
mRNA.
NM_020975 RET Homo sapiens ret proto-oncogene (RET), transcript variant 2, mRNA. 0.00E+00
NM_018027 FRMD4A Homo sapiens FERM domain containing 4A (FRMD4A), mRNA. 0.00E+00
NM_007115 TNFAIP6 Homo sapiens tumor necrosis factor, alpha-induced protein 6 (TNFAIP6), mRNA. 0.00E+00
NM_001613 ACTA2 Homo sapiens actin, alpha 2, smooth muscle, aorta (ACTA2), mRNA. 0.00E+00
NM_182801 EGFLAM Homo sapiens EGF-like, fibronectin type 111 and laminin G domains (EGFLAM), transcript 0.00E+00
variant 4, mMRNA.
NM_002942 ROBO2 H%n':&sapiens roundabout, axon guidance receptor, homolog 2 (Drosophila) (ROBO2), 0.00E+00
m .
NM_000905 NPY Homo sapiens neuropeptide Y (NPY), mRNA. 0.00E+00
NM_004100 EYA4 Homo sapiens eyes absent homolog 4 (Drosophila) (EYA4), transcript variant 1, mRNA. 0.00E+00
NM_000582 SPP1 Homo sapiens secreted phosphoprotein 1 (SPP1), transcript variant 2, mRNA. 0.00E+00
NM_194435 VIP Homo sapiens vasoactive intestinal peptide (VIP), transcript variant 2, mMRNA. 0.00E+00
NM_017637 BNC2 Homo sapiens basonuclin 2 (BNC2), mRNA. 0.00E+00
NM_014141 CNTNAP2 Homo sapiens contactin associated protein-like 2 (CNTNAP2), mRNA. 0.00E+00
NM_003619 PRSS12 Homo sapiens protease, serine, 12 (neurotrypsin, motopsin) (PRSS12), mRNA. 0.00E+00
NM_022450 RHBDF1 Homo sapiens rhomboid 5 homolog 1 (Drosophila) (RHBDF1), mRNA. 0.00E+00
NM_001475 GAGE5 Homo sapiens G antigen 5 (GAGES5), mRNA. 0.00E+00
NM_033258 GNG8 Homo sapiens guanine nucleotide binding protein (G protein), gamma 8 (GNG8), mRNA. 0.00E+00
NM_001477 GAGE12I Homo sapiens G antigen 121 (GAGE12l), mRNA. 0.00E+00
NM_001098411 LOC645037 Homo sapiens similar to GAGE-2 protein (G antigen 2) (LOC645037), mRNA. 0.00E+00
NM_001476 GAGES6 Homo sapiens G antigen 6 (GAGE6), mRNA. 0.00E+00
NM_145764 MGST1 Homo sapiens microsomal glutathione S-transferase 1 (MGST1), transcript variant 1d, 0.00E+00
mMRNA.
NM_001474 GAGE4 Homo sapiens G antigen 4 (GAGE4), mRNA. 0.00E+00
NM_001946 DUSP6 Homo sapiens dual specificity phosphatase 6 (DUSP6), transcript variant 1, mMRNA. 0.00E+00
NM_002930 RIT2 Homo sapiens Raslike without CAAX 2 (RIT2), mRNA. 0.00E+00
NM_002737 PRKCA Homo sapiens protein kinase C, alpha (PRKCA), mRNA. 0.00E+00
NM_002213 ITGB5 Homo sapiens integrin, beta 5 (ITGB5), mMRNA. XM_944688 XM_944693 0.00E+00
NM_001475 GAGE5 Homo sapiens G antigen 5 (GAGES5), mRNA. 0.00E+00
NM_004864 GDF15 Homo sapiens growth differentiation factor 15 (GDF15), mRNA. 0.00E+00
BX100246 Hs.38132 BX100246 Soares fetal liver spleen INFLS Homo sapiens cDNA clone IMAGp998N0 4398, 0.00E+00
mRNA sequence
AB073882 Hs.1832 Homo sapiens primary neuroblastoma cDNA, clone:Nbla00830, full insert sequence 0.00E+00
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RefSeq Gene symbol  Entrez Gene name p-value
transcript ID
NM_006017 PROM1 Homo sapiens prominin 1 (PROM1), mRNA. 0.00E+00
NM_002345 LUM Homo sapiens lumican (LUM), mRNA. 0.00E+00
NM_001098409 GAGE12G Homo sapiens G antigen 12G (GAGE12G), mRNA. 0.00E+00
NM_020630 RET Homo sapiens ret proto-oncogene (RET), transcript variant 4, mRNA. 0.00E+00
NM_002414 CD99 Homo sapiens CD99 molecule (CD99), transcript variant 1, mMRNA. 1.00E-04
NM_001915 CYB561 Homo sapiens cytochrome b-561 (CYB561), transcript variant 1, mRNA. 1.00E-04
NM_057159 LPAR1 Homo sapiens lysophosphatidic acid receptor 1 (LPAR1), transcript variant 2, mRNA. 1.00E—04
NM_003283 TNNT1 Homo sapiens troponin T type 1 (skeletal, slow) (TNNT1), mRNA. 1.00E-04
NM_020975 RET Homo sapiens ret proto-oncogene (RET), transcript variant 2, mRNA. 1.00E-04
NM_001031733 CALML4 Homo sapiens calmodulin-like 4 (CALML4), transcript variant 2, mRNA. 1.00E—04
NM_013364 PNMA3 Homo sapiens paraneoplastic antigen MA3 (PNMA3), mRNA. 1.00E-04
NM_014220 TM4SF1 Homo sapiens transmembrane 4 L six family member 1 (TM4SF1), mRNA. 1.00E-04
NM_032048 EMILIN2 Homo sapiens elastin microfibril interfacer 2 (EMILIN2), mRNA. 2.00E—04
XM_001132569 LOC730130 PREDICTED: Homo sapiens hypothetical protein LOC730130 (LOC730130), mRNA. 2.00E-04
NM_004617 TMA4SF4 Homo sapiens transmembrane 4 L six family member 4 (TM4SF4), mRNA. 3.00E-04
NM_001001391 CD44 Homo sapiens CD44 molecule (Indian blood group) (CD44), transcript variant 4, mRNA. 3.00E-04
NM_023940 RASL11B Homo sapiens RAS-like, family 11, member B (RASL11B), mRNA. 4.00E-04
NM_130467 PAGES Homo sapiens P antigen family, member 5 (prostate associated) (PAGES5), transcript variant 4.00E-04

1, mRNA.
NM_144594 GTSF1 Homo sapiens gametocyte specific factor 1 (GTSF1), mRNA. 5.00E-04
NM_194439 RNF212 Homo sapiens ring finger protein 212 (RNF212), mRNA. 6.00E-04
NM_006528 TFPI2 Homo sapiens tissue factor pathway inhibitor 2 (TFPI2), mRNA. 8.00E-04
BX537518 Hs.7023 Homo sapiens mMRNA; cDNA DKFZp686N1989 (from clone DKFZp686N1989) 9.00E-04
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