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Abstract
We have previously shown that a fish oil-rich diet increased the chemopreventive efficacy of
tamoxifen (Tam) against N-methyl-N-nitrosourea (MNU)-induced rat mammary carcinogenesis.
Herein, we provide evidence that tamoxifen treatment modifies gene expression of mammary
tumors depending upon the type of dietary fat fed to the animals. Rats initiated with MNU and
treated with Tam were fed a diet rich in corn oil (CO) or fish oil (FO). After 8 weeks, cribriform
tumors were collected and gene expression analysis was performed. Increased RNA expression of
genes such as SerpinB10, Wisp2 and Apod in tumors from FO-treated rats is indicative of highly
differentiated tumors. Decreased expression of H19 and Igf2 mRNA in Tam-treated groups, and
Sncg mRNA in FO+Tam group may be related to tumor growth impairment and lower metastatic
capacity. Change in the expression of genes associated with immunity in animals in the FO+Tam
group may suggest a shift in the immune response. These data show that, although tamoxifen
modulates the expression of genes leading to tumor growth impairment, further modulations of
genes are influenced by FO. FO modulation of Tam changes in gene expression accounts for its
enhancing chemopreventive effect against MNU-induced mammary carcinogenesis.
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INTRODUCTION
Breast cancer is the most frequently diagnosed type of cancer and is the second cause of
death in women in the United States (1). Based on current rates, it is estimated that more
than 200,000 women were diagnosed with breast cancer in 2010 (1). Adjuvant and
neoadjuvant endocrine therapies have shown benefits in estrogen receptor-positive breast
cancer treatments. Adjuvant therapies proposed for the treatment of this malignancy include
estrogen receptor antagonists, aromatase inhibitors and ovarian suppression (2). Treatment
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with the non-steroidal antiestrogen tamoxifen (Tam) increases recurrence-free and overall
survival of patients with localized disease, irrespective of the nodal status, menopausal
status or age (3). Tamoxifen has also been shown to be an effective chemopreventive agent
(4). However, depending on the dose and length of treatment, some of Tam's side effects
include a significant increase in the risk of developing endometrial cancer (5). In order to
improve the chemopreventive action of Tam, our laboratories have tested the combination of
this drug with a fish oil-rich diet in a model of MNU-induced mammary carcinogenesis (6).
Omega-3 fatty acids, which are abundantly present in fish oil, have been shown to increase
the cytotoxic action of drugs such as doxorubicin and mitomycin-C in breast cancer cells (7,
8). In addition, the consumption of an omega-3 fatty-acid rich diet protects against breast
cancer in most preclinical studies (9). We have reported that the chemopreventive effect of
Tam against MNU-induced mammary carcinogenesis was superior in FO fed rats compared
to rats fed with CO (6). In order to understand the molecular mechanisms underlying the
effects of FO alone and in combination with Tam on mammary carcinogenesis, we
performed a transcriptomic analysis of tumors arising in rats fed a FO vs. CO rich diet in the
presence and in the absence of concomitant Tam treatment.

MATERIAL AND METHODS
The mammary tumors used in this experiment were obtained from a previous
chemoprevention study (6). Briefly, 21 day-old rats received a single i.p. injection of 50 mg
MNU/kg body weight and were distributed into four different groups: Group 1 (CO group)
received a diet with 20% of CO; Group 2 (CO+Tam group) received a diet with 20% of CO,
and 100 μg/Kg s.c. 5 days/week of tamoxifen; Group 3 (FO group) received a diet with 17%
of FO and 3% of CO; Group 4 (FO+Tam group) received 17% of FO and 3% of CO and
tamoxifen. After week 8 of treatment, rats were euthanized by CO2 asphyxiation, and the
palpable tumors were dissected and cut in half. One half was frozen in liquid nitrogen and
kept at −80°C for molecular analysis and the other was fixed in 10% neutral buffered
formalin, processed and paraffin embedded. Six micrometer sections were processed for
routine H&E staining and tumor diagnosis. Only cribriform tumors were selected for RNA
isolation, microarray and real time PCR analysis to exclude possible genomic expression
heterogeneity among different tumor types.

Gene expression array
Total RNA was isolated from cribriform tumors using the RNeasy Mini Kit (Qiagen Inc.,
Valencia, CA) following manufacture's protocol. After DNase I treatment, RNA
concentration was measured using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE). RNA quality was assessed by capillary electrophoresis
with the Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). Two hundred
nanograms of total RNA from three cribriform tumors per group were processed for
microarray hybridization using Quick Amp Labeling Kit-one color (Agilent Technologies,
Palo Alto, CA) following the manufacturer's protocol. Labeled cRNAs were hybridized to
microarray slides (Whole rat genome-4X44K oligo microarrays-G4112F, Agilent
Technologies) at 65°C for 17 hours. Slides were then washed and scanned following
Agilent's recommendations. The digitized images were decoded and submitted to quality
control tests through Feature Extractor v9.5.3.1 using the default protocol GE1-
v5_95_Feb07 (Agilent Technologies, Palo Alto, CA).

Microarray data analyses
Preprocessing and differential expression analyses of microarray data was performed using
LIMMA (Linear Methods for Microarray data Analysis) package (10) in the R/Bioconductor
platform. Mean signal intensities were background-corrected using the normexp method,
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and quantile normalization was performed. Prior to differential expression analysis, a non-
specific filter was applied, in which probes without a valid Entrez ID annotation were
excluded. In addition, probes with signals close to the background noise level for all 4
groups under consideration were excluded. About 11,000 probes remained for further
analysis. Empirical Bayes moderated t-statistics was used to assess significance among
treatments (CO vs. CO+Tam; FO vs. FO+Tam and CO vs. FO comparisons). Genes with
fold-changes of at least 3.0 at p < 0.01 were considered differentially expressed and used for
bioinformatics analyses. Gene Ontology (GO) (11) enrichment analysis was performed
using GeneSpring v.11.0 (Agilent Technologies, Palo Alto, CA) and biological processes
with p value < 0.05 were considered enriched.

Validation by real time PCR
In order to validate the expression of selected genes found in the microarray analysis
(Supplemental Table 1), real time PCR was performed on the same RNA samples used for
microarray, as previously described by our group (12). Total RNA was reverse transcribed
using the ABI High Capacity cDNA archive kit (Applied Biosystems, Foster City, CA).
Standard curves were made using serial dilutions from pooled cDNA samples. Real time
PCR was performed using the SYBR Green PCR Master Mix (Applied Biosystems)
according to the manufacturer's protocol and run on the ABI Prism 7300 Sequence
Detection System. A TaqMan® assay was performed for RT1-Aw2 mRNA, following the
manufacturer's instructions (Applied Biosystems). Quantification was performed for each
gene and normalized to a housekeeping gene (18S ribosomal RNA). Normalized expression
values were log2 transformed, analysis of variance (ANOVA), and Tukey's post hoc test
were performed. Statistical analysis was performed in the JMP 7 software (SAS Institute,
Cary NC). Differences were considered statistically significant with a P value less than 0.05.

RESULTS
The effects of our interventions on tumorigenesis and tumor multiplicity have been
described in our previous report (6). We report herein the transcriptomic changes occurring
in the tumors which developed after tamoxifen treatment and a concomitant CO or FO diet.
The dietary influence on tamoxifen's effects was assessed by comparing the CO vs. CO
+Tam and FO vs. FO+Tam groups. The comparison of CO vs. FO was performed to
evaluate the effects of the diet per se. We performed 12 arrays in which, after quality control
analysis, normalization and preprocessing of the microarray data, 11,079 out of 44,000
probes remained for our analysis. All the microarray data was deposited in the Gene
Expression Omnibus (GEO) public repository under the series record GSE27465. We used
enriched Gene Ontology analysis and analysis of the relation of each differentially expressed
gene with cancer-related processes. After analysis, a set of genes of interest was chosen for
further real time PCR validation.

Number of differentially expressed genes
Thirty two genes were differentially expressed in the comparison CO vs. CO+Tam
(Supplemental Table 2), and 58 genes were differentially expressed between FO vs. FO
+Tam (Supplemental Table 3). In the comparison CO vs. FO, 19 differentially expressed
genes were found (Supplemental Table 4). An indirect analysis of the data was performed in
order to assess the effects of tamoxifen independently of the diet. By studying the
commonality between the effects of tamoxifen in a CO-rich diet (CO vs. CO+Tam
comparison) and the effects of tamoxifen in FO-rich diet (FO vs. FO+Tam comparison),
three genes were found to be differentially expressed by tamoxifen in either CO- or FO-rich
diets.
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Genes directly related to breast cancer profile
Differences in gene expression were found in the comparisons between FO vs. FO+Tam and
CO vs. CO+Tam (H19, Igf2, Sncg, Thrsp, Wnt5b, Lcn2, Aqp1, Mme (CD10), Pdgfra,
Lrrn1, Fmod, Chl1, Aspn, Spock2, Ptms and LOC298116). These genes play an active role
in breast cancer progression, stage, prognosis, metastasis and disease-free survival.
Regarding the effects of the diet per se in the expression profile of the tumor cells, genes
that are typically expressed in tumors with a more differentiated phenotype were noticed in
the FO-treated group than in the CO-treated group (SerpinB10, Apod and Wisp2).

We have already reported that the administration of tamoxifen to CO- or FO-fed rats reduces
mammary tumor incidence (6). In order to test the transcriptomic changes that were
associated with these effects, eight of the differentially expressed genes directly related to
the breast cancer profile were selected for validation by real time PCR: H19, Igf2,
Serpinb10, Wisp2, Apod, Sncg, Thrsp and Wnt5b. H19 and Igf2 genes were selected in
order to evaluate the effects of tamoxifen independently of the diet. Specifically, Thrsp,
Sncg and Wnt5b mRNA were examined as genes responsible for tumor growth impairment,
whereas SerpinB10, Wisp2 and Apod mRNAs as markers of differentiation in tumors.

Figure 1 shows the real time PCR results of the genes related to the breast cancer profile
found to be differentially expressed in the microarray. H19 mRNA expression was
decreased in the FO+Tam group. Moreover, Igf2 mRNA was decreased in CO+Tam group.
The down-regulation of Igf2 and H19 transcript levels in the FO+Tam and CO+Tam groups
was statistically significant in the microarray (P<0.05) but not in the real time PCR
(0.05<P<0.15). FO treatment decreased SerpinB10 mRNA expression when compared to
CO treatment. We also found a statistically significant increase in the expression of Apod
and Wisp2 in the microarray data (P<0.05); although the real time PCR data shows the same
trend, the difference was not statistically significant (P=0.058 and P=0.13, respectively; Fig.
1). Finally, FO+Tam treatment reduced Sncg mRNA expression both in the microarray data
and in the real time PCR validation when compared to the FO treatment (Fig. 1, P<0.05). In
the same comparison, the down-regulation of Wnt5b and Thrsp expression was statistically
significant only in the microarray.

Genes related to immune response
GO enrichment analysis showed that fish oil treatment modified several genes related to
immune response in comparison to CO-treated group (Table 1). Based on the GO
classification and on previous reports, we chose two of the genes differentially expressed by
FO to be validated by real time PCR (RT1-Aw2 and Irf7). Real time PCR data confirmed
the increased mRNA expression for the gene Irf7 found in the microarray data in the FO vs
CO group (fold change 4.99, P<0.05). The differential expression of RT1-Aw2 was not
confirmed in the comparison CO vs. FO (data not shown).

Similarly, enriched GO analysis showed that the transcripts differentially expressed in the
FO+Tam group in comparison to FO group were related to immune response (Table 2).
Considering the interaction and the function of these genes in the immune response, seven
mRNA (Fcer1a, Hdc, Klra22, Mcpt1, Mcpt2, Ms4a2 and Slpi) were selected to be quantified
by real time PCR (Figure 2). Hdc and Slpi mRNA levels were statistically significantly
increased in the microarray data and validated by real time RT-PCR. mRNA levels of
Fcer1a (P=0.20), Klra22 (P=0.17), Ms4a2 (P=0.07), Mcpt1 and Mcpt2 (p=0.13) were not
statistically significant (Figure 2) when assessed by real time PCR. In the comparison
between CO vs. CO+Tam, there were three differentially regulated genes related to immune
response (RT1-Bb, Pls and Il33), and they were confirmed by real time PCR (Fig. 2).

Bidinotto et al. Page 4

Nutr Cancer. Author manuscript; available in PMC 2013 March 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DISCUSSION
In the present study, it was observed that FO diet alone and in combination with Tam
treatment is responsible for changes in the transcriptomic profile of mammary tumors that
may influence the behavior of this malignancy. The changes observed are mainly in
transcripts which encode for proteins related to tumor differentiation and progression and
immune response.

We studied the expression of genes related to tumor differentiation both in animals fed a FO
and CO diet. The microarray data show that the FO treatment decreased SerpinB10 mRNA
expression when compared to CO treatment. We also found a statistically significant
increase in the expression of Apod and Wisp2 in the microarray data. Wisp2 expression
gradually decreases as breast cancer progresses from a well-differentiated to a poorly
differentiated stage (13). This is confirmed by experiments that show high expression of
Wisp2 in less aggressive human breast cancer cells (MCF7 and ZR-75-1), minimal
expression in moderately aggressive breast cancer cells (SKBR-3) and no expression in
highly aggressive breast cancer cells (MDA-MB-231) (14). Based on these results, it is
possible that an Wisp2 increased expression in the present study indicates that tumors in FO-
treated group are more differentiated than those observed in the CO-treated group. Likewise,
breast tumors require a certain degree of differentiation to produce the Apod protein (15). As
shown herein, this mRNA is increased in tumors of animals treated with FO. In addition, it
has been shown a correlation of low Apod levels and a shorter relapse-free survival and poor
survival of patients with breast cancer (15). Furthermore, the decrease in mRNA for
SerpinB10 in the FO group may predict either a more differentiated mammary tumor, a
reduction in the cellular proliferation and/or an increase of apoptosis. Decrease of SerpinB10
mRNA levels was observed in NRP-152 and NRP 154 prostatic epithelial cell lines after
induction of differentiation (16). An up-regulation of this gene was observed in HL-60
cancer cells compared to normal myeloid cells (17). The trend of dysregulation of such
transcripts in our study suggests that mammary tumors developed in FO-treated rats are
more differentiated than tumors developed in CO-fed animals.

Tumors in the Tam-treated rats had decreased expression of H19 and Igf2 mRNA
independently of the type of dietary fat fed to the animals (either FO or CO). In vitro studies
correlated increased H19 with a more malignant cell phenotype, as assessed by colony
formation capacity in soft-agar and enhanced adhesiveness in type I collagen (18).
Adriaenssens et al. (19) showed that the non-coding gene H19 promotes cell progression of
breast cancer cells. Similarly, Igf2 is a well-established growth factor both in vitro and in
vivo (20). Cells with disrupted Igf2 function, when injected in transgenic mice, showed
reduction in tumor cell growth, reduced malignancy and a significant number of apoptotic
bodies (21). By using mRNA in situ hybridization, Manni et al. (22) found that the
expression of Igf2 mRNA is under positive endocrine regulation, since its levels decreased
in regressing tumors following ovariectomy, and the normal expression levels were re-
established after estradiol repletion. In line with the results presented herein, in a T61 human
breast cancer xenograft model, treatment of cells with tamoxifen produced a ten-fold
reduction in the baseline level of Igf2 mRNA (23).

In addition to the changes that Tam caused irrespective of the diet, the combination of FO
and Tam treatment altered the expression of genes that may lead to a better prognosis of
mammary cancer. Importantly, the combination of FO and Tam affect the expression of
genes that involved in tumor growth. Gamma Synuclein (Sncg) is highly associated with
breast cancer and ovarian cancer progression. Sncg is undetectable in normal breast tissue
and in most of the benign lesions, whereas this gene is expressed in breast cancer with a
positive correlation with stage, poorer prognosis, metastasis, and negative correlation with
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disease-free survival and overall survival (24). Jiang et al. demonstrated that Sncg strongly
stimulated the ligand-dependent transcriptional activity of estrogen receptor-α (ER-α) in
breast cancer cells (25). They showed that overexpression of this protein stimulated the
ligand-dependent cell proliferation, and suppression of endogenous Sncg expression
significantly inhibited cell growth in response to estrogen. Over-expression of Sncg also
increases motility and invasiveness of MDA-MB 435 cells, and metastatic potential in vivo
(26). It is plausible that the decreased expression of Sncg mRNA by tamoxifen in presence
of FO diet may be impairing tumor growth and/or reducing its metastatic potential, being the
responsible for the enhanced chemopreventive efficacy of this combination regimen
described previously (6).

Based on the gene expression pattern, some genes related to immune response are
dysregulated by some of the treatments. In this context, real time PCR confirmed a 4.99-fold
increase of Irf7 mRNA expression by FO treatment (P<0.05, data not shown). It is well
established that Irf7 is a major regulator of IFN gene expression (27) and, in turn, IFN
treatment can augment anti-tumor properties. Also, Irf7 increases antitumor activities of
macrophages (28). It has been shown that BRCA1 is required for IFN-γ-mediated induction
of Irf-7 and that BRCA1 sensitizes breast cancer cell lines to IFN-γ-mediated apoptosis
(29). The supposition that a FO diet may improve the immune response against tumors is
supported by improved immune response against tumors after n-3 PUFAs administration to
animals, as reported in the literature (30, 31).

Surprisingly, FO+Tam strongly increased the expression of several mRNAs that may be
related to the Th2 pattern of immune response. Generally, the augmentation of a Th2
response down-regulates the Th1 response (32). It is believed that a polarized immune
response towards the Th2 pattern is related to a reduced cellular immunity against cancer
(33–35). In fact, the increased transcript levels of Hdc and Slpi genes (P<0.05), and the trend
of increase of Fcer1a, Klra22, Ms4a2 and Mcpt2 genes by the FO+Tam treatment suggests
an increment of this pattern of response.

Fcer1a and Ms4a2 are subunits of Fc receptor located on mast cells (36, 37). The up-
regulation of these genes triggers the IgE-mediated immune response. As a consequence, T-
cell releases mediators that initiate the inflammatory response and allergic reaction (36, 37).
Histamine is one of the mediators produced by mast cells and basophils, through the action
of histidine decarboxylase (Hdc) (36, 38). Some studies show an increase in Hdc activity in
breast cancer, in comparison to normal tissue. Moreover, histamine promotes migration of
breast cancer cells, which may have an important role in invasion and metastasis and shifts
pattern of immune response from Th1 to Th2 (38). The increase of Fcer1a, Ms4a2 and Hdc
mRNAs in the FO+Tam group may in turn increase histamine release and the Th2 response
pattern in the tumor microenvironment. Finally, Slpi mRNA is increased in FO+Tam group.
This gene is commonly increased in gastric, ovarian and lung carcinomas; its serum level is
positively correlated with tumor stage, and it may promote tumor formation and
development through the prevention of the formation of endostatin, an anti-angiogenic
factor (39–41). These data led us to hypothesize that mammary tumor cells in FO+Tam-
treated group escaped from the immune response against tumors through a possible up-
regulation of Th2 pattern of immune response in the tumor microenvironment. Further
studies are needed to confirm or discard this hypothesis.

In conclusion, treatment of female rats with FO resulted in differential expression of several
mRNAs that encode genes that promote more differentiated tumors and a more efficient
immune response against tumors, when compared to tumors of CO fed counterparts. In
addition, cribriform tumors of FO-fed animals that received Tam showed decreased mRNA
for genes directly related to tumor growth and metastasis; thus, Tam treatment was more
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efficient in fish oil than in corn oil background. However, FO+Tam treatment increased
transcripts of several molecules involved in the immune response.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Side-by-side log2 values of mRNA expression in microarray (Black bars) and real time PCR
(grey bars) of genes directly related to the tumor profile. *p<0.05; § 0.05<p<0.20, with fold
change > 3.0 (log2>1.58).
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Figure 2.
Side-by-side log2 values of mRNA expression in microarray (Black bars) and real time PCR
(grey bars) of genes related to the immune response. *p<0.05; § 0.05<p<0.20, with fold
change > 3.0 (log2>1.58).
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Table 1

Enrichment of GO terms (p<0.05) by differentially expressed genes between CO vs. FO treatments.

GO:0006955 - Immune Response (p=3.66×10-4)

GO.0002376 - Immune System Process (p=0.003)

  Probe name Symbol Gene name

 A_43_P15750 Cfd complement factor D (adipsin)

 A_44_P1039994 Irf7 interferon regulatory factor 7

 A_44_P214846 M×2 myxovirus (influenza virus) resistance 2

 A_44_P196401 RT1-Aw2 RT1 class Ib, locus Aw2

 A_44_P274061 RT1-CE3 RT1 class I, CE3

 A_44_P867246 RT1-CE16 RT1 class I, CE16

 A_44_P422630 Serping1 serine (or cysteine) peptidase inhibitor, clade G, member 1

GO:0045087 - Innate Immune Response (p=0.01)

  Probe name Symbol Gene name

 A_43_P15750 Cfd complement factor D (adipsin)

 A_44_P214846 M×2 myxovirus (influenza virus) resistance 2

 A_44_P422630 Serping1 serine (or cysteine) peptidase inhibitor, clade G, member 1

GO:0019882 - Antigen Processing and Presentation (p=0.02)

  Probe name Symbol Gene name

 A_44_P196401 RT1-Aw2 RT1 class Ib, locus Aw2

 A_44_P274061 RT1-CE3 RT1 class I, CE3

 A_44_P867246 RT1-CE16 RT1 class I, CE16

GO:0045861 - Negative Regulation of Proteolysis (p=0.03)

GO:0009895 - Negative Regulation of Catabolic Process (p=0.04)

  Probe name Symbol Gene name

 A_44_P1004757 Serpinb10 serine (or cysteine) peptidase inhibitor, clade B (ovalbumin), member 10

 A_44_P422630 Serping1 serine (or cysteine) peptidase inhibitor, clade G, member 1
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Table 2

Enrichment of GO terms (p<0.05) by differentially expressed genes between FO vs. FO+Tam treatments.

GO:0002526 - Acute Inflammatory Response (p=1.38×10-4)

  Probe name Symbol Gene name

 A_43_P21634 C4b complement component 4B (Childo blood group)

 A_44_P419064 Cfb complement factor B

 A_44_P468468 Lbp lipopolysaccharide binding protein

 A_42_P661600 Reg3a regenerating islet-derived 3 alpha

 A_44_P271658 Reg3b regenerating islet-derived 3 beta

 A_44_P524718 Serpina1 serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1

GO:0006954 - Inflammatory Response (p=1.72×10-4)

GO:0006952 - Defense Response (p=0.004)

GO:0009611 - Response to Wounding (p=0.006)

  Probe name Symbol Gene name

 A_44_P1052607 Aox1 aldehyde oxidase 1

 A_43_P21634 C4b complement component 4B (Childo blood group)

 A_44_P304323 Cc15 chemokine (C-C motif) ligand 5

 A_44_P419064 Cfb complement factor B

 A_44_P468468 Lbp lipopolysaccharide binding protein

 A_43_P15496 Ms4a2 membrane-spanning 4-domains, subfamily A, member 2 (Fc fragment of IgE, high affinity I, receptor for;
beta polypeptide)

 A_42_P661600 Reg3a regenerating islet-derived 3 alpha

 A_44_P271658 Reg3b regenerating islet-derived 3 beta

 A_44_P524718 Serpina1 serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1

GO:0009605 - Response to External Stimulus (p=0.002)

  Probe name Symbol Gene name

 A_44_P393531 Adipoq adiponectin, C1Q and collagen domain containing

 A_44_P1017367 Alb albumin

 A_44_P1052607 Aox1 aldehyde oxidase 1

 A_43_P21634 C4b complement component 4B (Childo blood group)

 A_44_P304323 Ccl5 chemokine (C-C motif) ligand 5

 A_44_P419064 Cfb complement factor B

 A_44_P428326 Hmgcs2 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 (mitochondrial)

 A_44_P468468 Lbp lipopolysaccharide binding protein

 A_43_P15496 Ms4a2 membrane-spanning 4-domains, subfamily A, member 2 (Fc fragment of IgE, high affinity I, receptor for;
beta polypeptide)

 A_42_P661600 Reg3a regenerating islet-derived 3 alpha

 A_44_P271658 Reg3b regenerating islet-derived 3 beta

 A_44_P524718 Serpina1 serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1

GO:0006953 - Acute-Phase Response (p=0.004)
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  Probe name Symbol Gene name

 A_44_P468468 Lbp lipopolysaccharide binding protein

 A_42_P661600 Reg3a regenerating islet-derived 3 alpha

 A_44_P271658 Reg3b regenerating islet-derived 3 beta

 A_44_P524718 Serpina1 serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1

GO:0043306 - Positive Regulation of Mast Cell Degranulation (p=0.017)

GO:0033005 - PositiveRregulation of Mast Cell Activation (p=0.017)

GO:0043302 - Positive Regulation of Leukocyte Degranulation (p=0.017)

GO:0043304 - Regulation of Mast Cell Degranulation (p=0.027)

GO:0033003 - Regulation of Mast Cell Activation (p=0.027)

GO:0043300 - Regulation of Leukocyte Degranulation (p=0.04)

  Probe name Symbol Gene name

 A_44_P461402 Fcer1a Fc fragment of IgE, high affinity I, receptor for; alpha polypeptide

 A_43_P15496 Ms4a2 membrane-spanning 4-domains, subfamily A, member 2 (Fc fragment of IgE, high affinity I, receptor for;
beta polypeptide)

GO:0048583 - Regulation of Response to Stimulus (p=0.024)

  Probe name Symbol Gene name

 A_43_P21634 C4b complement component 4B (Childo blood group)

 A_44_P419064 Cfb complement factor B

 A_43_P12786 Fabp4 fatty acid binding protein 4, adipocyte

 A_44_P461402 Fcer1a Fc fragment of IgE, high affinity I, receptor for; alpha polypeptide

 A_43_P15496 Ms4a2 membrane-spanning 4-domains, subfamily A, member 2 (Fc fragment of IgE, high affinity I, receptor for;
beta polypeptide)

 A_43_P20937 Tmprss6 transmembrane protease, serine 6

GO:0006950 - Response to Stress (p=0.027)

  Probe name Symbol Gene name

 A_44_P393531 Adipoq adiponectin, C1Q and collagen domain containing

 A_44_P1017367 Alb albumin

 A_44_P1052607 Aox1 aldehyde oxidase 1

 A_43_P21634 C4b complement component 4B (Childo blood group)

 A_44_P244851 Car3 carbonic anhydrase 3

 A_44_P304323 Cc15 chemokine (C-C motif) ligand 5

 A_44_P419064 Cfb complement factor B

 A_44_P461402 Fcer1a Fc fragment of IgE, high affinity I, receptor for; alpha polypeptide

 A_44_P468468 Lbp lipopolysaccharide binding protein

 A_43_P15496 Ms4a2 membrane-spanning 4-domains, subfamily A, member 2 (Fc fragment of IgE, high affinity I, receptor for;
beta polypeptide)

 A_42_P661600 Reg3a regenerating islet-derived 3 alpha

 A_44_P271658 Reg3b regenerating islet-derived 3 beta

 A_44_P524718 Serpina1 serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1
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