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Abstract

Incidence and mortality rates for prostate cancer (PCa) are higher in African-American (AA) men 

than European American (EA) men, but the biological basis for this disparity is unclear. We 

carried out a detailed analysis of gene expression changes in PCa compared to their matched 

benign tissues in a cohort of AA men and compared them to existing data from EA men. In this 

manner, we identified MNX1 as a novel oncogene upregulated to a relatively greater degree in 

PCa from AA men. Androgen and AKT signaling play a central role in the pathogenesis of PCa 

and we found that both of these signaling pathways increased MNX1 expression. MNX1 in turn 

upregulated lipid synthesis by stimulating expression of SREBP1 and fatty acid synthetase. Our 

results define MNX1 as a novel targetable oncogene increased in AA PCa that is associated with 

aggressive disease.
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INTRODUCTION

African-American (AA) men have both a higher incidence and significantly higher mortality 

rates from prostate cancer (PCa) than European American (EA) men (1). Several groups 

have found that AA patients have greater tumor volumes in radical prostatectomies in 

comparison to similarly staged EA patients (2,3). While some of the difference in mortality 

due to PCa can be attributed to socioeconomic factors, a number of studies have shown that 

there is a still a higher mortality rate from PCa in AA men even after adjustment for 

socioeconomic factors(4). Thus biological differences account for a significant portion of the 

disparity in incidence and mortality from PCa in AA men in comparison to EA men (4),.

There have been a limited number of studies comparing PCa tissues from AA and EA men. 

Several studies have evaluated differential expression of specific proteins among AA and EA 

cohorts including epidermal growth factor receptor, the androgen receptor (AR), PGEM1, 

MDM2 and caveolin-1(5–8). More recently, the TMPRSS2/ERG fusion gene has been 

shown to occur at lower rate in AA PCa (9–12). Several studies have compared gene 

expression in AA and EA PCa using expression microarrays. The largest of these studies 

examined gene expression profiles of 13,000 genes in 33 AA and 36 EA PCas and identified 

162 gene transcripts that were differentially expressed between racial groups(13). 

Interestingly many of these transcripts were related to immune response, stress response, 

cytokine signaling and chemotaxis.

In this study we have carried out a detailed analysis of gene expression changes in PCas 

from a cohort of AA men compared to their matched benign tissues. By comparing our data 

to existing EA expression data we identified MNX1 as an androgen and AKT regulated 

oncogene that is upregulated to a greater degree in AA PCa compared to EA PCa. MNX1 

regulates lipid synthesis, which has been linked to aggressive PCa. Thus our studies have 

identified a new oncogenic pathway that is important in AA and to a lesser extent in EA 

pathway which results in potentially targetable changes in tumor metabolism.

MATERIALS AND METHODS

Prostate and prostate cancer tissues

Tissue samples were obtained from the Human Tissue Acquisition and Pathology Core of 

the Dan L. Duncan Cancer Center and were collected from fresh radical prostatectomy 

specimens after obtaining informed consent under an Institutional Review Board approved 

protocol. Cancer samples contained a minimum of 70% cancer and benign tissues were free 

of cancer on pathological examination. RNAs were extracted using Qiagen DNA/RNA Mini 

kit according to manufacturer’s instruction. RNAs with RIN number ≥ 7 were chosen for 

gene expression arrays.

Gene expression microarrays

The quality of isolated RNAs was confirmed on an Agilent 2200 TapeStation system. 

Twenty-five ng of total RNA was amplified and labeled with Cy3 dye using Low Input 

Quick Amp Labeling Kit (Agilent Technologies). The labeled cRNA from each sample’s 

labeling reaction was hybridized to individual microarrays. For microarray hybridization, 
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825 ng of cyanine 3-labeled cRNA was fragmented and hybridized on the Agilent SurePrint 

G3 Human GE 8 × 60K V2 Microarrays at 65 °C for 17 hours using the Agilent Gene 

Expression Hybridization Kit. The hybridized microarrays were dissembled at room 

temperature in Gene Expression Wash Buffer 1, then washed in Gene Expression Wash 

Buffer 1 at room temperature for 1 minute. This was followed by a wash for 1 minute in 

Gene Expression Wash Buffer 2 at an elevated temperature. The processed microarrays were 

scanned Agilent High-Resolution SureScan microarray scanner and data was extracted using 

Agilent Feature Extraction Software (11.5.1.1). Expression patterns were visualized as color 

maps using Java TreeView(14). Array data have been deposited into the Gene Expression 

Omnibus GSE71016.

Cell culture

Human PCa cells LNCaP, DU145 and PC3 cells, were all maintained in RPMI-1640 

medium (Invitrogen) supplemented with 10% fetal bovine serum (FBS, Invitrogen) LAPC4 

cells were cultured in RPMI-1640 medium with 10% FBS supplemented with 10nM R1881 

(Sigma). VCaP and 293T cells were maintained in Dulbecco’s Modified Eagle Medium 

(DMEM, Invitrogen) with 10% FBS. The cells were maintained in BRFF-HPC1 medium 

(Biological Research Faculty and Facility, Inc.) supplemented with 20% FBS. All cell 

culture medium contained 1x Antibiotic-Antimycotic (Gibco). Normal human prostate 

epithelial cells (PrEC) were cultured using Clonetics Prostate Epithelial Cell Systems from 

Lonza Group Ltd. MDA PCa 2a and MDA PCa2b cells were a kind gift from Dr. Nora 

Navone, MD Anderson Cancer Center. All other cell lines were obtained from the American 

Type Culture Collection. Cell were obtained between 2001 and 2012, expanded, frozen and 

stored as stocks in liquid nitrogen. All cell lines are authenticated by STR analysis at MD 

Anderson Cancer Center Characterized Cell Line Core Facility.

Quantitative RT-PCR

To examine expression of mRNA we carried out quantitative real-time RT-PCR (Q-RT-PCR 

on an Applied Biosystems StepOne (Lifetechnologies). Total RNA was extracted from cell 

lines using the RNeasy kit (Qiagen). cDNA was synthesized using an iScript cDNA 

Synthesis kit (BioRad) with OligodT in a PTC-200 thermocycler (5 min at 25°C; 30 min at 

42°C; 5 min at 85°C). MNX1, SREBF1, FASN, and β-actin TaqMan probes (ABI). PCR 

conditions were set using standard 2-step manufacturer’s protocol. Differences in mRNA 

levels were analyzed using the 2−ΔΔCT method normalized to β-actin expression. Each 

measurement point was repeated at least in duplicate.

In situ localization of MNX1 mRNA

Prostate cancer and benign prostate tissues were collected immediately after radical 

prostatectomy, formalin-fixed and paraffin embedded. Sections were prepared, 

deparrafinized and MNX1 mRNA was detected in situ using a RNAscope probe designed by 

Advanced Cell Diagnostics. Pretreatment was a described by the manufacturer with 

Pretreatment 2 being carried out for 17 min. Hybridization, amplification and signal 

detection using diaminobenzidine were carried out as described by the manufacturer. After 

signal detection, slides were stained with Mayer’s Hematoxylin and cover slipped. 

Incubations were carried out in a HybEZ oven (Advanced Cell Diagnostics) at 40° C.
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Stable knockdown of MNX1

Stable MNX1 knockdown LNCaP cells were created by utilizing MNX1-shRNAs in 

lentiviral vector pGFP-C-shLenti (Origene). 4 unique human 29mer shRNAs for MNX1 

constructs in lentiviral GFP vector were purchased from Origene (Cat # TL319509). 

Lentiviruses carrying these stable shRNAs were produced by 293FT cells using Lenti-vpak 

Packaging kit (Origene) following manufacture’s instruction. LNCaP cells were infected by 

these viruses and were selected with 0.5 μg/ml puromycin (Sigma).

Stable overexpression of MNX1 in DU145 cells

The pCMV6-MNX1 vector was obtained from Origene (Cat# RC212606) and after infection 

DU145 cells were selected with media containing 200ug/ml G418.

Androgen regulation studies

LNCaP cells were cultured in RPMI-1640 media with 10% FBS in 10-cm culture dishes. 

The medium was changed to RPMI-1640 supplemented with 10% charcoal–dextran stripped 

serum (CSS) 24h after plating and cells were incubated for an additional 24, 48 or 72 hrs. 

Synthetic androgen 10 nM R1881 was added to another 2 dishes of cells after incubation in 

CCS medium for 48h and cells were grown for an additional 24 hours. Enzalutamide (40 

uM) was added for 24 hrs Pellets were collected and analyzed for MNX1 protein expression 

by Western blotting.

AKT inhibitor studies

LNCaP cells were cultured in RPMI-1640 media with 10% FBS in 10-cm culture dishes. 

Cells were treated in triplicate with 500nM AZD5363, 20 UM LY294002, 1uM rapamycin 

or vehicle. Cells were collected after treatment and analyzed for MNX1, P-AKT (S473), P-

S6, and β-actin expression by Western blotting.

Cell Proliferation Assays

Cells were plated at 2.5 or 5×103 cells per well in 96 well plates. Proliferation was 

determined using the CellTiter 96 Aqueous One Solution Cell Proliferation Assay (Promega) 

as described by the manufacturer. The absorbance was read at 490 nm with VERSAmax 

Tunable microplate reader.

Matrigel Invasion Assays

2.5× 104 cells were plated in the top chamber of Matrigel-coated membrane (24-well insert; 

pore size, 8 mm; BD Biosciences). The cells on the apical side of each insert were then 

scraped off after 24h or 36 h. The wells were washed with PBS, fixed with 100% methanol 

and stained with DAPI. After staining, membranes were removed from the insert and 

mounted on slides, and the invading cells were counted under the Nikon Eclipse TE2000-U 

microscope. Matrigel assays were performed in triplicate.

Western Blot

Total cellular protein lysate was prepared as described previously (15). Primary antibody 

against MNX1 was purchased from Origene (Cat #TA307213). Mouse antibody against β-
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actin was obtained from Sigma-Aldrich. Primary antibodies were used at 1:1000 dilution for 

Western blotting using procedures described previously (16)

Mouse Xenograft Studies

Experiments were carried out on male SCID mice. Tumor xenografts were established by 

subcutaneous injection over each flank in 50ul volume mixed with 50ul Matrigel (BD 

Bioscience). The tumor size was measured weekly using calipers. Tumors were harvested 8 

weeks after inoculation and weighed. All procedures were approved by the Baylor College 

of Medicine Institutional Animal Use and Care Committee.

Sample preparation for LC-MS/MS

The lipid analyses were carried out using the protocol described previously (17) using 5 

control and 5 MNX1 knockdown tumors. For each tumor, 100 mg was homogenized in 1:4 

ice cold water: methanol mixture. This was followed by sequential addition of ice cold 

chloroform and water in 3:1 ratio and separation of the organic (methanol and chloroform) 

and aqueous solvents (water:methanol:chloroform:water; ratio 1:4:3:1). The aqueous extract 

was de-proteinized using a 3 KDa molecular filter (Amicon Ultracel -3K Membrane, 

Millipore Corporation) and the filtrate containing metabolites was dried under vacuum 

(Genevac EZ-2plus).

Measurement of lipids

Targeted profiling using single reaction monitoring (SRM) for the fatty acids, the RP 

chromatographic method employed a gradient containing water (solvent A) with 10 mM 

ammonium acetate (pH 8) and 100% methanol (solvent B). Further separation of metabolites 

was performed on a Luna Phyenyl Hexyl (3 um, 2×15 0 mm) maintained at 40°C. The 

binary pump flow rate was 0.2 ml/min with a gradient spanning 40% B to 50% B over a 8 

minute, 50% B to 67% B over 5 min, hold 67%B for 9 min, 67% B to 100% B over 1 min, 

hold 100%B for 6 minutes time period, 100% B to 40% B over 1 min and hold 40%B for 7 

minutes time period. The following lipids were present at detectable amounts: palmitic acid 

(saturated form), stearic acid, heptadecanoic acid, octanoic acid, dihomolinoleic acid, 

myristic acid, heptanoic acid aminoheptanoic acid, docosahexaenoic acid, adrenic acid, 

arachidonic acid, docosapentaenoic acid, eicosapentaenoic acid, lauric acid, oleic acid, 

palmitoelic acid and linoleic acid.

RESULTS

Identification of a novel oncogene in AA PCa

Expression array analysis was performed using RNAs from 48 high purity tumors from AA 

men and matched benign tissue using Agilent 60K expression arrays. This analysis revealed 

a total of 4341 probes altered in cancer Vs benign (at p<.01, t-test) in AA PCa 

corresponding to 1803 genes. Of these, 469 genes were upregulated >1.5 fold and 1146 were 

decreased 0.7 fold or more. Inspection of the data revealed multiple genes that are well 

known to be upregulated (AMACR(18), Hepsin (19), TFF3(20) and TDRD1(21)) and 

downregulated (GSTP1(22)) in PCa (Fig 1), confirming the overall quality of the data.
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To identify genes that were specifically upregulated (>1.5-fold) or down regulated (at least 

0.7-fold) in PCa from AA PCa we compared expression of all such genes (all significant at 

p<.01, t-test) with the same genes in EA patients (Taylor dataset (23)). While comparison of 

gene expression using two different platforms can be problematic, the majority of significant 

genes were significant in both groups, indicating there are not major biases using this 

approach. The most highly upregulated protein coding gene specifically upregulated in AA 

PCa was the homeobox gene MNX1/HLXB9. This gene plays an important role in pancreas 

development (24) and is a causative oncogene in infantile AML (25). However it has not 

been shown to be an oncogene in an epithelial cancer. As shown in Figure 1, MNX1 is 

increased 2.6 fold by array analysis, similar to AMACR and PSGR; (p<.001, t-test) in AA 

PCa but not significantly altered in EA PCa (1.03 fold, p=.16; Taylor dataset). Upregulation 

of MNX1 has been confirmed by Q-RT-PCR of AA RNAs (5.1 fold; p<.002, t-test, Figure 

2A). Direct analysis of RNAs from EA PCa and matched benign tissues shows a smaller but 

still significantly increased expression of MNX1 mRNA in PCa. Consistent with this 

finding, 3 of 13 Oncomine PCa tissue datasets (predominantly EA) showed statistically 

significant increases in MNX1 mRNA (p≤.001), although the Taylor dataset was not among 

those with MNX1 upregulation (Figure 2B). No dataset showed downregulation. As a 

comparison, ERG was upregulated in 10 of 19 datasets at p≤.001. We then carried out 

Western blots using protein extracts from matched PCa and benign tissues from AA men 

(Fig 2C). While variable expression was seen in both cancer and benign tissues, the mean 

increase in MNX1 protein in cancer compared to matched benign tissues was 12.4-fold 

(range 0.83 to 81.1-fold) by densitometry. Increased MNX1 protein was also seen in extracts 

from EA PCa and matched benign tissues. RNA in situ hybridization showed expression of 

MNX1 in PCa cells and to a much lesser extent benign epithelial cells but no expression in 

benign or tumor associated stroma (Supplementary Fig. 1) Expression of MNX1 mRNA was 

almost undetectable in benign prostate epithelial cells (PrECs) but was markedly elevated in 

the androgen receptor (AR) expressing LNCaP, LAPC4, VCaP, MDA PCa 2a and MDA PCa 

2b PCa cells but not in AR negative DU145 and PC3 (Fig 2D). Of note, MDA PCa 2a and 

MDA PCa 2b were derived from the PCa of an AA man. Thus MNX1 is expressed at 

increased levels in PCa, with more marked increases in cancers from AA men.

To assess the biological activity of MNX1 in PCa cells we established DU145 cells 

expressing MNX1 protein and assessed the impact on proliferation (Fig 3A). MNX1 

expression resulted in significantly increased proliferation. Similarly, knockdown of MNX1 

in LNCaP cells resulted in significant decreases in proliferation (Fig 3B). Increased MNX1 

expression in DU145 cells increased invasion and knockdown in LNCaP decreased invasion 

through Matrigel (Fig 3C). See Supplementary Fig 2 for confirmation of protein 

overexpression and knockdown by Western blotting. Most critically, MNX1 expression 

resulted in larger xenograft tumors in SCID mice using DU145 cells with MNX1 

overexpression (versus controls) while knockdown in LNCaP cells decreased tumor size 

(Fig 3D). Thus MNX1 is an oncogene which expressed at higher levels in both AA and EA 

PCa, but is significantly higher in AA PCa.
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MNX1 expression is regulated by androgens

As noted above, the AR expressing cell lines show much higher expression of MNX1, 

suggesting that MNX1 expression may be regulated by androgens. Incubation of LNCaP 

cells in charcoal stripped serum (which depletes androgens) results in decreased MNX1 

protein and stimulation with the androgen R1881 increases expression (Fig 4). Inhibition of 

AR signaling with enzalutamide also markedly decreased MNX1 level (Fig 4, right).

MNX1 expression is increased by AKT signaling

Molecular alterations resulting in increased activity of the AKT pathway are among the most 

common molecular alterations in aggressive PCa (23). We therefore sought to determine 

whether AKT signaling can regulate modulate expression of MNX1. LNCaP cells were 

treated with AZD5363, an AKT kinase inhibitor or vehicle only (Fig 5A). As a direct AKT 

kinase inhibitor, AZD5363 results in feedback upregulation of AKT phosphorylation 

(phospho-S473) but decreased activation of AKT downstream targets such as phospho-S6 

(Fig 5A). MNX1 protein is completely lost in response to treatment with AZD4563. Similar 

effects were seen with the PI-3 kinase inhibitor LY294002 (Fig 5B), which also markedly 

decreased MNX1 expression. In contrast, rapamycin had no effect on MNX1 levels (Fig 

5B). These results indicate that MNX1 regulation by AKT must be dependent on one of the 

other targets of AKT signaling other than mTOR.

MNX1 downstream target genes

It has shown that fatty acid synthetase (FASN) mRNA is increased in AA PCa relative to EA 

PCa (26). In addition FASN is increased by androgens (27). We therefore examined whether 

expression of FASN and its regulatory factor sterol regulatory element binding transcription 

factor 1 (28) were modulated by MNX1. As shown in Fig 6A, DU145 cells express lower 

levels of MNX1, FASN and sterol regulatory element binding transcription factor 1 

(SREBP1) mRNAs than LNCaP cells. DU145 cells with overexpression of MNX1 show 

increased expression of both FASN and SREBP1, while LNCaP cells with MNX1 

knockdown show a 60–70% decrease in FASN and SREBP1. Of note, MNX1 was knocked 

down to a similar extent as FASN and SREBP1 in LNCaP cells, indicating that MNX1 plays 

a significant role in driving these two genes in PCa. To confirm the connection between 

MNX1 and lipid synthesis we analyzed LNCaP MNX1 knockdown tumors and controls (see 

Fig 3D) for levels of 17 lipids as described in Materials and Methods. While some 

differences in the content for various lipids was seen between controls and knockdowns, 

only palmitic acid, a major product of FASN, was statistically significantly altered (p<.001, 

t-test; Fig 6B). To confirm that MNX1 drives SREBP1 and FASN in human PCa we 

analyzed FASN in RNAs from benign and PCa tissues from AA men. As shown in Fig 6C, 

both SREBP1 and FASN are significantly increased in AA PCa compared to benign tissues 

(p<.01, Mann-Whitney). We then examined the correlation between MNX1 and FASN in the 

cancer samples. The correlation was extremely high (r=.548, p<.001, Pearson’s) in AA 

samples (Fig 6D). There was a similar significant, but somewhat lower correlation, of 

MNX1 with SREBP1 mRNA levels (r=.335, p=.02, Pearson’s). As a positive control we 

examined the correlation of SREBP1 and FASN, since FASN is a known direct target of 

SREBP1. As predicted the correlation was quite high (r=.63. p<.001). Overall this data 
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strongly supports the idea that one important pathway by which MNX1 promotes 

oncogenesis is by increasing expression of SREBP1 and its target FASN in AA PCa.

DISCUSSION

In this report we show that MNX1 is an oncogene that is upregulated in AA PCa and to a 

lesser extent in EA PCa. MNX1 is a homeobox gene that is known to be an oncogene in the 

rare malignancy infantile AML (25). It has also been reported to be increased in poorly 

differentiated hepatocellular carcinoma cell lines (29). It has never been linked to PCa 

previously, perhaps since most prior molecular genetic studies of PCa have been dominated 

by EA PCa, where its expression is lower overall. Our data also indicates that at least part of 

the oncogenic activity of MNX1 is mediated via upregulation of SREBP1 and FASN. It has 

been shown that FASN is oncogenic in prostate epithelial cells (30) and is associated with 

aggressive PCa (30,31). SREBP1 is an important mediator of the induction of lipid synthesis 

and FASN by androgens both in normal tissues (32) and in PCa (33) and presumably the 

effect of MNX1 on FASN is mediated mainly by its upregulation of SREBP1. Importantly, 

lipid biosynthesis is potentially targetable (31) and our data supports the hypothesis that 

agents targeting lipid synthesis may be even more important in treatment of AA PCa. It 

should be noted that the extent of SREBP1 and FASN in LNCaP cells closely parallels the 

extent of MNX1 knockdown implying that MNX1 may be an important intermediate 

regulator of AR induction of lipid synthesis. It should be noted that MNX1 increases 

expression of FASN and SREBP1 in DU145 cells, which are AR negative. Thus this activity 

does not require AR. However, it is possible that other activities of the AR inducible MNX1 

protein may require AR. Further studies across a broad array of PCA cell lines are needed to 

clarify this point. In addition to increasing lipid biosynthesis, SREBP1 can have other 

oncogenic affects such as increasing reactive oxygen species (28). MNX1 almost certainly 

affects other oncogenic pathways as well in PCa, which we are currently investigating.

Our studies show that MNX1 protein levels are controlled by AR signaling, which is well 

known to play a central role PCa pathogenesis and remains the most important therapeutic 

target in PCa (34). There is significant evidence that AA PCa may have higher AR signaling 

(7,10,12). Thus at least some of the increase in MNX1 in AA PCa may reflect higher 

activity of AR signaling in AA PCa. In addition, MNX1 is regulated by AKT signaling. 

Activation of PI3-kinase/AKT signaling is very common in localized PCa and is almost 

universal in advanced PCa (23). Little is known about whether AKT signaling is more active 

in AA PCa compared to EA PCa. It has been shown that a G10398A mitochondrial 

polymorphism is more common in AA men with PCa (35)and in breast cancer this 

polymorphism leads to higher AKT activation (36). However further studies are needed to 

determine if AKT signaling alterations play a role in the higher expression of MNX1 in AA 

PCa.

In summary we show MNX1 is upregulated in AA and, to a lesser extent, EA PCa and 

promotes transformation at least in part by increasing lipid synthesis. Our data supports the 

emerging concept that significant oncogenic pathways are similar in AA and EA PCa but are 

altered at different rates and extents in AA and EA PCa (11,12,37). Further studies are 
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needed to fully define the biology of MNX1 in AA and EA in PCa and determine the 

clinical impact of MNX1 expression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Expression array analysis of genes known to be altered in PCa and MNX1
Fold change (cancer versus benign) of specific gene expression in PCa tissues from African-

American men and for same genes in the Taylor dataset for EA men.
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Figure 2. Expression of MNX1 in PCa
A. MNX1 mRNA levels in EA and AA PCa and benign tissues by Q-RT-PCR. Asterisks 

indicate statistically significant differences between cancer and benign tissues. Mean +/

−SEM; * p<.05; *** p<.001 by t-test B. Examples of Oncomine datasets with increased 

expression of MNX1 relative to benign tissues; p value shown in bar and whisker plot. C. 

Western blot on MNX1 from PCa and matched benign tissues from AA men. β-actin is a 

loading control. D. Expression of MNX1 mRNA in primary prostatic epithelial cells (PrEC) 

and PCa cell lines.
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Figure 3. Biological effects of MNX1 on PCa cells
A. Proliferation of DU145 cells overexpressing MNX1 versus vector controls. B. 

Proliferation of LNCaP cells with knockdown of MNX1 using two different shRNAs versus 

scrambled control. C. Invasion through Matrigel of DU145 cells overexpressing MNX1 

versus vector controls and LNCaP cells with knockdown of MNX1 using two different 

shRNAs versus scrambled control. D. Final tumor weight of xenograft tumors using DU145 

cells overexpressing MNX1 versus vector controls and LNCaP cells with knockdown of 

MNX1 using an shRNA versus scrambled control. For A–D, mean +/− SEM is shown; * p<.

05; **<p<.01; *** p<.001 by t-test or Mann Whitney. See also Supplementary Figure 2.
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Figure 4. Control of expression of MNX1 by androgens
LNCaP cells were incubated in charcoal stripped serum (CSS) for 24, 48 or 72 hrs. Two 

plates of cells were treated with 10nM R1881 after 48 hrs in CSS; cells were collected 24 

hrs after treatment. Western blot with anti-MNX1 antibody and anti β-actin is shown. In a 

separate experiment cells were treated with ezalutamide for 24 hrs or vehicle only (CON). 

Cells were also placed in CSS for 72 hrs or placed in CSS for 48 hrs and then treated with 

R1881 for 24 hrs as an additional set on controls.
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Figure 5. Control of expression of MNX1 by AKT
A. LNCaP cells were treated with 500nM AZD5363 for 24 hrs and cell lysates prepared. 

Western blot for MNX1, P-AKT (S473) and P-S6 were performed. Actin is a loading 

control. Note increased AKT phosphorylation is due to feedback induced by inhibition of 

AKT kinase activity.

B. LNCaP cells were treated with either 20 uM LY294002 or 1uM rapamycin or vehicle 

only for 24 hrs and cell lysates prepared. Western blot for MNX1, P-AKT (S473) and P-S6 

were performed. Actin is a loading control.
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Figure 6. MNX1 regulates lipid synthesis
A. Expression of MNX1, SREBF1, and FASN in DU145 overexpressing MNX1 or LNCaP 

with MNX1 knockdown using two different shRNAs versus controls. Data is expressed as 

percent of vector control for DU145 for each gene. Means of duplicate or triplicate 

determinations are shown. B. Palmitic acid content of LNCaP xenograft tumors versus 

scrambled controls (see Fig 3D); *** p<.001 by t-test. C. SREBP1 and FASN mRNA 

expression in AA benign prostate and PCa tissues. Mean +/− SEM is shown. ** p<.01; *** 

p<.001; Mann Whitney. D. Correlation between SREBP1 or FASN with MNX1 mRNA in 

AA PCa by Pearson Product Moment. Correlation coefficient and p-value are shown.
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