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Abstract

Background: Loss of skeletal muscle volume and resulting in functional limitations are poor 

prognostic markers in breast cancer patients. Several molecular defects in skeletal muscle 

including reduced MyoD levels and increased protein turn over due to enhanced proteosomal 

activity have been suggested as causes of skeletal muscle loss in cancer patients. However, it is 

unknown whether molecular defects in skeletal muscle are dependent on tumor etiology.

Methods: We characterized functional and molecular defects of skeletal muscle in MMTV-Neu 

(Neu+) mice (n= 6–12), an animal model that represents HER2+ human breast cancer, and 

compared the results with well-characterized luminal B breast cancer model MMTV-PyMT 

(PyMT+). Functional studies such as grip strength, rotarod performance, and ex vivo muscle 

contraction were performed to measure the effects of cancer on skeletal muscle. Expression of 

muscle-enriched genes and microRNAs as well as circulating cytokines/chemokines were 

measured. Since NF-κB pathway plays a significant role in skeletal muscle defects, the ability of 
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NF-κB inhibitor dimethylaminoparthenolide (DMAPT) to reverse skeletal muscle defects was 

examined.

Results: Neu+ mice showed skeletal muscle defects similar to accelerated aging. Compared to 

age and sex-matched wild type mice, Neu+ tumor-bearing mice had lower grip strength (202±6.9 

vs. 179±6.8 g grip force, p=0.0069) and impaired rotarod performance (108±12.1 vs. 30±3.9 

seconds, P<0.0001), which was consistent with reduced muscle contractibility (p<0.0001). 

Skeletal muscle of Neu+ mice (n=6) contained lower levels of CD82+ (16.2±2.9 vs 9.0±1.6) and 

CD54+ (3.8±0.5 vs 2.4±0.4) muscle stem and progenitor cells (p<0.05), suggesting impaired 

capacity of muscle regeneration, which was accompanied by decreased MyoD, p53 and miR-486 

expression in muscles (p<0.05). Unlike PyMT+ mice, which showed skeletal muscle 

mitochondrial defects including reduced mitochondria levels and Pgc1β, Neu+ mice displayed 

accelerated aging-associated changes including muscle fiber shrinkage and increased extracellular 

matrix deposition. Circulating “aging factor” and cachexia and fibromyalgia-associated chemokine 

Ccl11 was elevated in Neu+ mice (1439.56±514 vs. 1950±345 pg/ml, p<0.05). Treatment of Neu+ 

mice with DMAPT significantly restored grip strength (205±6 g force), rotarod performance 

(74±8.5 seconds), reversed molecular alterations associated with skeletal muscle aging, reduced 

circulating Ccl11 (1083.26 ±478 pg/ml), and improved animal survival.

Conclusions: These results suggest that breast cancer subtype has a specific impact on the type 

of molecular and structure changes in skeletal muscle, which needs to be taken into consideration 

while designing therapies to reduce breast cancer-induced skeletal muscle loss and functional 

limitations.
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Introduction

Functional limitations impact the ability to remain independent and increase risk of health 

problems and progression to disability. Cancer-associated functional limitations affect many 

aspects of life quality, including physical performance, executive function, and emotional 

health 1, 2. Cancer survivors within 2 years of cancer diagnosis are significantly more likely 

to report limitations in their ability to do heavy work, daily routines such as preparing meals 

compared to healthy reference subjects 2. It has been reported that breast cancer patients are 

more likely to have experienced reduced physical function, vitality, and increased bodily 

pain over time compared to women who remained free of breast cancer 3–5. Functional 

limitation is observed in 39% of breast cancer patients and is associated with increased risk 

of non-cancer cause of death 3. Functional limitation is found in women <40 age even at the 

time of breast cancer diagnosis, before drug or surgical intervention 3, 5. In addition, women 

with functional limitations are more likely to have one or more comorbid conditions such as 

arthritis and hypertension compared to those without functional limitations 5. Furthermore, 

lower skeletal muscle volume is a poor prognostic factor in breast cancer patients 6. 

Unfortunately, underlying mechanism of functional limitations remains unclear, particularly 

in breast cancer. Thus, there is an unmet need for mechanistic studies and therapeutic 

interventions for functional limitations in breast cancer.
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Breast cancer is a heterogeneous disease with multiple subtypes 7, 8. Heterogeneous nature 

of breast cancer is dictated by cell-type-origin of tumors and genomic aberrations, which 

poses challenges for prevention, treatment, and management of cancer-associated systemic 

effects 7. To aid in characterization of molecular subtypes of breast cancers, a series of 

genetically engineered mouse models have been developed and implemented in preclinical 

research 9. For example, MMTV-PyMT (PyMT+) mouse model represents the luminal B 

intrinsic subtype 9. Another widely used transgenic mammary tumor model is the MMTV-

Neu (Neu+) model and it represents HER2 amplified subtype of breast cancer 10. Although 

these models have been used extensively to study cancer progression and metastasis, they 

are used rarely to study cancer-induced systemic effects, particularly to link molecular 

phenotypes of tumor with specific systemic defects and therapeutic intervention.

Cytokines and chemokines secreted by tumors have been associated with functional 

limitations/cachexia as they interfere with host immunity and myogenesis 11, 1213. Most of 

these cytokines/chemokines are upstream of and, in some cases, downstream of NF-κB 

signaling 14. Thus, muscle loss in cancer patients may be similar to age-associated muscle 

loss, which is accompanied with systemic inflammation and increased levels of cytokines 

including Interlukin 1 (IL-1), IL-6, IL-10, IL-13, tumor necrosis factor alpha (TNFα), and 

granulocyte-macrophage colony-stimulating factor (GM-CSF) 15. We recently demonstrated 

that PyMT+ mice develop functional limitations including reduced grip strength and rotarod 

performance along with dynamic molecular changes in skeletal muscle 16. These skeletal 

muscle molecular changes correlated with alterations in circulating cytokines including 

elevated tumor necrosis factor alpha (Tnfα) and transforming growth factor beta 2 (Tgfβ2). 

TNFα is an upstream activator of NF-κB signaling pathway 14, while crosstalk between 

TGFβ and NF-κB signaling through TAK1 and SMAD7 has been reported 17. NF-κB has 

dual functions in cancer; it promotes tumor initiation and progression as demonstrated by us 

and others and regulates skeletal muscle mass by reducing protein synthesis or enhancing 

degradation of myogenic transcription factors such as MyoD 14, 18, 19. Muscle-specific 

transgenic expression of activated IκB kinase beta (IKKβ), which leads to NF-κB activation, 

causes profound muscle wasting that resembles clinical cachexia 20. Indeed, we reported that 

blockade of NF-κB signaling slows tumor initiation and progression, and attenuates tumor-

associated functional limitations such as grip strength and rotarod performance in PyMT+ 

model of breast cancer 16. These functional restorations were associated with dynamic 

molecular changes in skeletal muscle. We observed downregulation of Cox IV, a marker of 

functional mitochondria, in skeletal muscle of PyMT+ mice suggesting dysregulation of 

energy production by the mitochondria of skeletal muscles. In addition, we observed 

reduced circulating and skeletal muscle levels of miR-486, a pivotal microRNA associated 

with proliferation and differentiation of muscle satellite cells to myocytes and skeletal 

muscle regeneration 21. Most critically, we reported an intervention strategy where many of 

the cancer-induced systemic effects could be reversed through pharmacologic inhibition of 

the NF-κB pathway.

The present study was designed to test whether mammary tumors representing different 

molecular subtypes of breast cancer produce similar or different systemic effects and 

response to intervention by the NF-κB inhibitor DMAPT. Neu+ mice displayed several 

molecular defects in skeletal muscle and circulating cytokines/chemokines profiles that are 
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distinct from that of PyMT+ mice. For example, while reduced expression of p53, which 

enhances survival of muscle satellite cells during repair of injured muscle 22, and 

senescence-associated Hoxa9 23 in muscle were common in both models, there was 

minimum overlap in aberration of other signaling molecules. While muscle satellite cell 

transcription factor Pax7, mitochondrial metabolic regulator Pgc1β and activin receptor 

type-2B (Acvr2B) were decreased in PyMT+ model 16, none of these molecules was altered 

in Neu+ model. Neu+ mice showed reduced levels of CD82+ satellite cells as well as 

CD54+ myogenic progenitors compared to wild type mice 24, 25. Circulating cytokines also 

showed model-specific differences; while cachexia-associated Tnfα and Tgfβ2 were 

elevated in PyMT+ model, Ccl11 was elevated in Neu+ model. As with PyMT+ mice, 

DMAPT reversed cancer-induced systemic effects in Neu+ mice but the molecular targets of 

DMAPT were different. Thus, breast cancer subtypes have distinct effects on skeletal muscle 

and molecular features of tumors need to be taken into consideration while devising 

strategies to overcome cancer-induced systemic effects.

Materials and Methods

Animals, functional test and drug administration:

Animal protocols were approved by the Institution Animal Care and Use Committee at the 

Indiana University School of Medicine and were in accordance with guidelines from 

National Institutes of Health regarding the use and care of experimental animals. Male Neu+ 

mice on FVB/N background were purchased from Jackson Laboratory and were randomly 

bred with normal FVB/N females to obtain female heterozygous for Neu oncogenes. Tumor 

onset and progression were monitored periodically. Body compositions were measured by 

Echo-MRI (Houston, TX). All functional studies of mice including grip strength and rotarod 

performance have been described previously 16. For drug treatment, DMAPT (100 mg/kg, 

M-F/week) or vehicle (2.5% mannitol) was gavaged starting at 6–8 weeks for PyMT+ mice 

or at 16–18 weeks for Neu+ mice post birth until the end of the experiment. Age-matched 

normal female mice were used as controls. Blood and tissues were collected at the time of 

sacrifice for miRNA, mRNA, and protein preparation or for histological analysis. Time of 

sacrifice in survival test was based on recommendation of euthanasia by the attending 

Veterinarian.

Isolation of skeletal muscle stem cells and flow cytometry:

Mammary tumor-bearing PyMT+ and Neu+ female mice, and age-matched non-tumor-

bearing control females were sacrificed with CO2. Approximately 0.5 grams of muscles 

were dissected from the hind limb of each mouse. Mouse muscle dissociation kit (130–

098-305) and mouse satellite cell isolation kit (130–104-268) were used to isolate mouse 

muscle stem cells (MuSC) following MACS Miltenyi Biotec manufacture’s protocols. 

Purified MuSC were stained with antibodies CD54-APC (116120; Biolegend) and CD82-PE 

(PA5–13228; Invitrogen) and analyzed as described previously 26. Stained cells were 

acquired using a BD LSR II flow cytometer and data were analyzed using FlowJo software. 

Forward and side scatter were used to ensure that only live cells were considered in the 

analysis. Gating was done using appropriate PE (555749) and APC (555576) (BD 

Pharmingen) isotype control antibodies.
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Cell culture and conditioned media (CM):

Mouse myoblast C2C12 cells were seeded and maintained in 60 mm plates in DMEM plus 

10% FBS. When cells reached 70–80% confluence, media was changed to DMEM 

containing 2% of horse serum every other day for 5 days to promote differentiation. 

Mammary tumor cell lines generated from Neu+ and PyMT+ mice were cultured overnight 

in DMEM plus 10% FBS and changed to serum-free DMEM medium for 24 hours to 

generate CM. Undifferentiated cells were treated with CMs for 6 hours and harvested for 

western blotting. Differentiated C2C12 cells were treated with CMs for 6, 12, 24, and 48 

hours and harvested for western blotting.

Muscle-specific force measurements:

Intact isolated extensor digitorum longus (EDL) muscles of control and mammary tumor-

bearing PyMT+ and Neu+ mice were attached to an isometric force transducer (Aurora 

Scientific; model 407A) between platinum stimulating electrodes in a glass chamber 

containing modified Tyrode solution. A force-frequency relationship was determined by 

measuring muscle contraction force at a range of frequencies (1–200Hz; Aurora Scientific; 

model 701C) to obtain a maximum tetanic force plateau. An endurance protocol to measure 

fatigue was run by inducing a tetanic response (70Hz, 300ms) and repeating for 50 cycles 

(EDL). Stimulation was controlled by Dynamic Muscle Control software and analyzed using 

Dynamic Muscle Analysis software (Aurora Scientific; DMC v5.300, DMA v5.010). 

Specific force (kN/m2) was determined by normalizing the absolute force to muscle cross-

sectional area with a muscle density constant of 1.056 kg/m2, thus correcting for differences 

in size.

miRNA and total RNA extraction:

miRNA and total RNA isolation from plasma and skeletal muscle, respectively, have been 

described previously 16.

Quantitative reverse transcription PCR:

Taqman miRNA Reverse Transcription Kit (Applied Biosystems, #4366597) was used to 

synthesize cDNAs with 5 microliters of miRNAs extracted from plasma (20 ng/μl). Bio-

RAD iScript cDNA synthesis kit (#170–8891) was used to reverse transcribe total RNAs 

extracted from muscle tissues (200 ng/μl) into cDNAs in a final volume of 20 μL. 

Quantitative PCR (qPCR) was performed using Taqman universal PCR master mix (Applied 

Biosystems, #4324018) and specific primers as described in Table S1 and our previous study 
16. miR-202 and U6 small RNA were used as normalization controls for plasma and muscle 

microRNAs, respectively. Hsp90ab1 was used as a normalization control for all mRNA 

measurements.

Histological and immunohistochemical (IHC) analyses:

For lung and muscle H&E staining, 10% formalin-fixed tissues were transferred to the 

pathology lab, paraffin-embedded, sliced, stained, and analyzed by a pathologist blinded to 

the study. For IHC of skeletal muscles, CD45 (BD-550286) staining was performed at 
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Indiana University Health IHC core laboratory and analyzed by a pathologist. ECM staining 

has been described previously 16.

Western blotting:

Harvested cells and mouse muscles (~30 mg tissue) were lysed in RIPA buffer with 

protease/phosphatase inhibitors (Sigma). Qiagen TissueLyser LT with metal bead was used 

to homogenize muscles at a speed of 50Hz for 3 min, followed by 10 seconds sonication. 

Thirty micrograms of proteins were used for Western blotting. Antibody information is 

included in Table S1. Quantification of western blotting was performed using NIH image J 

software. Protein levels were normalized to total proteins in lysates by Ponceau S staining 
27–29 in case of skeletal muscle lysate or normalized to β-actin of C2C12 cells in culture.

Circulating Cytokines:

Profiling of 32 cytokines/chemokines from limited samples of mouse plasma has been 

described previously 16. Tgfβ1, 2, and 3 were measured separately. Each group contained 

plasma samples from six animals. Those samples with no detectable values were given a 

score of zero for the analyses.

Statistical analysis.

Data were analyzed using one-way ANOVA with Tukey’s multiple comparisons test for 

comparisons between multiple groups or unpaired parametric t-test for comparison between 

two groups. A P value of <0.05 was considered statistically significant.

Results

Reduced functional performance of tumor-bearing Neu+ mice

To determine the consequences of tumors on functional limitations, we subjected age-

matched control and tumor-bearing Neu+ female mice to functional studies. Tumor-bearing 

mice displayed reduced grip strength and rotarod performance. At the age of 24 weeks, Neu

+ tumor-bearing mice had 179±6.8 g grip force, which was significantly lower than 202±6.9 

g grip force observed in wild type mice. There was progressive loss of grip strength with 

tumor growth (Figure S1A). At the age of 28 weeks, Neu+ tumor-bearing mice had 175±8.2 

g grip force, while age-matched wild type mice displayed 202±6.1 g grip force (Figure 1A). 

Rotarod performance of Neu+ mice also differed from the wild type mice. While wild type 

mice stayed on rods for 108±12.1 seconds, Neu+ mice could stay on rod for only 30±3.9 

seconds (Figure 1B). These data suggest that tumor progression in Neu+ mice leads to 

muscle weakness.

To confirm that the above noted muscle weakness in tumor-bearing mice is due to defect in 

skeletal muscle function and is not an indirect consequence of tumor burden hampering 

movement, we measured muscle specific force using isolated extensor digitorum longus 

(EDL) muscle. A force-frequency relationship was determined by measuring contraction 

force at range of frequencies to obtain a maximum tetanic force plateau. Muscle contraction 

force frequency was significantly lower in EDL of Neu+ mice compared to age matched 

control mice (Figure 1C). Similar results were obtained with EDLs of PyMT+ mice (Figure 
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1D). Thus, cancer-mediated reduction in grip strength and rotarod performance correlates 

with reduction in muscle contraction force.

To determine whether NF-κB signaling pathways are involved in reduction of functional 

performance and inhibitors of this pathway could improve muscle function in tumor-bearing 

Neu+ mice, we orally administrated NF-κB inhibitor DMAPT starting at the age of 16 

weeks, prior to visible appearance of tumors, till the end of the experiment 16. DMAPT 

prevented the cancer-induced reduction of grip force, as there was no significant difference 

in grip forces between DMAPT treated group and wild type group during observation period 

(Figure 1A; Figure S1B). Also note that even when tumor volume was similar between 

vehicle-treated and DMAPT-treated groups, although at different age, animals in DMAPT-

treated group compared to vehicle-treated group displayed higher grip strength (Figure S1). 

Similar effects of DMAPT were observed in the rotarod performance study. DMAPT-treated 

Neu+ mice stayed on rod for 74±8.5 seconds, which was much longer than time stayed by 

the vehicle-treated Neu+ mice (Figure 1B). With respect to other body composition changes, 

DMAPT improved body lean mass in tumor-bearing mice although tumor itself had 

minimum effect on lean body mass (Figure S2). Three week treatment with DMAPT did not 

affect the grip strength and rotarod performance in wild type mice (Figure S3). These results 

indicate that NF-κB signaling pathway plays a role in reducing muscle function in Neu+ 

mice, similar to PyMT+ mice 16, and NF-κB inhibitors are potential therapeutic agents to 

improve quality of life. However, NF-κB inhibition in the absence of tumor-induced 

hyperactivation is not associated with improved skeletal muscle function.

The skeletal muscle of Neu+ mice contains lower levels of a subgroup of satellite cells that 
contribute to muscle regeneration

Skeletal muscle satellite cells play an indispensable role in muscle homeostasis and in 

muscle repairs after injury 30. Satellite cells correspond to a heterogeneous population of 

cells and a recent study showed that CD82 is a prospective marker for isolation of human 

muscle long-term repopulating satellite cells 24. CD82+ cells are lower in the skeletal 

muscle of patients with muscular dystrophy and isolated human CD82+ muscle cells readily 

engraft into muscle in immune-deficient mouse model of muscular dystrophy 24. CD82 is 

functionally involved in muscle function as shRNA knockdown of CD82 reduced myoblast 

proliferation. CD54 is a cell surface marker on Pax7-induced myogenic progenitors that 

contribute to long-term muscle regeneration in vivo 25. CD82 is expressed constitutively in 

mouse myoblast cell line C2C12, whereas CD54 in mouse muscle is expressed upon 

conditioning or upon damage and regeneration in case of Mdx mice 31, 32. To understand 

whether mammary tumor-induced functional limitation is associated with altered muscle 

stem-progenitor-mature cell hierarchy, we isolated skeletal muscle satellite cells from Neu+ 

and PyMT+ mice, and analyzed MuSC population by flow cytometry using antibodies 

against cell surface CD82 and CD54. We found that the percentage of CD82+ cells was 

significantly lower in mammary tumor-bearing Neu+ mice compared to non-tumor-bearing 

wild type mice (Figure 2A; top panel). Decline in CD54+ muscle progenitor cells was also 

observed only in case of Neu+ mice. By contrast, CD82+ cells were higher with no change 

in CD54+ cells in the skeletal muscle of PyMT+ mice (Figure 2B, bottom panel). Note that 

Neu+ and PyMT+ mice were of different ages at the time of skeletal muscle analyses. 

Wang et al. Page 7

JCSM Rapid Commun. Author manuscript; available in PMC 2021 April 08.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



Overall, these results suggest that stem/progenitor hierarchy of skeletal muscle is impaired 

in Neu+ mice.

The effect of tumors on skeletal muscle gene expression.

The above observation of different skeletal muscle cell composition in Neu+ and PyMT+ 

mice compared to control mice prompted us to determine gene expression changes in the 

skeletal muscle of Neu+ mice. We analyzed the expression of genes that have previously 

been shown to be associated with myogenesis and are part of the commercial myogenesis 

array 16. Among 12 genes examined, Hoxa9, Dmpk and Prkag1 mRNA levels were 

significantly lower in Neu+ mice compared to wild type mice (Figure 3A). DMAPT restored 

mRNA levels of Hoxa9 and Dmpk, but not mRNA level of Prkag1. Pax7 and Pgc1β, which 

were lower in the skeletal muscle of PyMT+ mice 16, were unaffected in Neu+ mice. 

Interestingly, treatment with DMAPT increased mRNA levels of Pgc1β, Pax7, MyoD, 

Acvr2b, Casz1, Kmt2, Nurr1 and Myf6 in the skeletal muscle of Neu+ mice compared to 

wild type mice (Figure 3A) suggesting that reducing NF-κB activity can boost the 

expression levels of several functionally important genes in the skeletal muscle. We verified 

DMAPT-mediated increase in MyoD by western blotting (Figure 3B and C). Note that 

cancer-induced decline in Hoxa9 mRNA and DMAPT-mediated increase in MyoD protein in 

the skeletal muscle are the shared features of Neu+ and PyMT+ mice 16.

A recent study demonstrated an important role for p53 in preventing mitotic catastrophe of 

aged MuSC and thus enhancing muscle regeneration upon injury 22. Notch signaling 

pathways in muscle niche maintain p53 levels by reducing the levels of its inhibitor Mdm2 

through the transcription repressor Hey 1 22. Since few of the changes in the skeletal muscle 

of Neu+ mice showed similarities to accelerated aging process, we examined the levels of 

p53 in skeletal muscle of control and tumor-bearing mice. Indeed, protein levels were lower 

in the skeletal muscle of Neu+ mice compared to control mice (Figure 3B and C). 

Interestingly, total p53 mRNA was also lower, but we did not find any differences in Mdm2 

levels between three groups, despite reduced Hey 1 mRNA in the skeletal muscle of tumor-

bearing mice compared to control mice (Figure 3D). Thus, decline in p53 in the skeletal 

muscle of Neu+ mice is independent of Notch-Hey 1-Mdm2 axis (Figure 3D). However, 

DMAPT treatment restored p53 levels suggesting the involvement of NF-κB in repressing 

p53, which is consistent with the previous report of direct repression of p53 by NF-κB 33.

Since, to our knowledge, this is the first study to find lower p53 levels in skeletal muscle of 

tumor-bearing mice compared to control mice, we extended the study to PyMT+ model to 

determine whether tumor-induced loss of p53 in the skeletal muscle is more common. 

Indeed, p53 levels were lower in the skeletal muscle of PyMT+ mice compared to age 

matched controls (Figure 3E). DMAPT treatment restored the levels of p53 suggesting the 

involvement of NF-κB pathway in reducing p53 in the skeletal muscle in this model also. 

Thus, reduction in p53 activity in the skeletal muscle is common in the both breast cancer 

models.

To further confirm loss of p53 in the skeletal muscle of tumor-bearing mice, we isolated and 

purified skeletal muscle cells from control and tumor-bearing mice and examined p53 

protein by western blotting. Similar to above results, p53 protein levels were significantly 
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lower (~80%) in the skeletal muscle cells of tumor-bearing mice compared to control mice 

(Figure 3F and Figure S4A).

We used C2C12 myoblast cell line model to determine whether loss of p53 occurs in 

undifferentiated or differentiated muscle cells upon exposure to soluble factors from cancer 

cells. Undifferentiated and differentiated C2C12 cells were treated with CM from PyMT+ 

and Neu+ mammary tumor-derived cell lines and p53 levels were measured. While the 

tumor cell line-derived CM had no effect on p53 levels in undifferentiated cells, CM from 

Neu+ mice profoundly reduced the levels of p53 in differentiated cells after 6 hours 

treatment (Figure 3G). The reduction was approximately 50% (Figure S4B). Reduction in 

p53 levels in differentiated C2C12 cells was observed even after 48 hours of CM treatment 

(Figure S4C).

DMAPT is effective in restoring circulating and skeletal muscle miR-486 in Neu+ mice.

We had previously reported that despite improving skeletal muscle function, DMAPT failed 

to restore miR-486 levels in the PyMT+ model 16. PyMT+ model is an acute model where 

animals could be treated for only 10 weeks (from 6-weeks age to 15-weeks age), whereas 

Neu+ model is a chronic model where animals are treated for 17 weeks (from 16-weeks age 

to 32-weeks age). Unlike in the PyMT+ model, treatment with DMAPT completely restored 

circulating miR-486 level, and partially restored miR-486 level in the skeletal muscles of 

mammary tumor-bearing Neu+ mice (Figure 4).

With respect to skeletal muscle expression of other myogenic microRNAs, two models 

differed significantly. Compared to skeletal muscle of the PyMT+ mice, which contained 

lower levels of miR-16, miR-146a, miR-214, and miR-206 16, Neu+ mice skeletal muscle 

showed minimal changes in these microRNAs compared to control mice (Figure 4 and Table 

1).

Neu+ mice contain elevated levels of circulating “aging factor” Ccl11.

In our previous study, we demonstrated that tumor cells themselves secrete several 

cytokines/chemokines and the tumor genome has an influence on the types of cytokines/

chemokines secreted by cancer cells 34. For example, while tumor cell lines derived from 

both PyMT+ and Neu+ mice secreted Tnfα, Ccl2, Gm-Csf, Ifnγ, and Il-1α, only Neu+ mice 

tumor derived cell line secreted G-Csf, Ccl1, Ccl5, Cxcl1, Cxcl2, Cxcl10 and Il1ra. Timp1 

was unique to the PyMT+ mice tumor derived cell line. To determine whether these 

differences in cytokine/chemokine profiles between two models are evident among 

circulating cytokines/chemokines, we measured cytokine/chemokines in the sera of Neu+ 

mice and compared their levels with circulating cytokine/chemokine levels in PyMT+ mice 

described in our previous study 16 (Figure 5 and Table S2). While upregulation of Tgfβ2 was 

unique to PyMT+ mice, upregulation of Ccl11 (also called eotaxin-1) was unique to Neu+ 

mice. Interestingly, a recent study showed specific upregulation of Ccl11 in HER2+ breast 

tumors 35. Ccl11 has recently been described as an aging factor 36. We also observed 

reduced levels of circulating Il-17 in only Neu+ mice compared to control mice, suggesting 

that the immune response/environment are different in two models.
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To determine DMAPT treatment mediated restoration of skeletal muscle function correlates 

with reversal of tumor-induced changes in cytokine/chemokine profiles or general decline in 

pro-inflammatory cytokines/chemokines, we compared cytokine/chemokine profiles 

between vehicle-treated and DMAPT-treated tumor-bearing mice. Treatment with DMAPT 

resulted in generic decline in pro-inflammatory cytokines/chemokines rather than changes in 

cancer-specific cytokines/chemokines. For example, DMAPT-treatment resulted in lower 

levels of circulating Tnfα, Il-1α, Il-2, Il-7, Il-10, Il-12, Il-15, Mcp-1, M-csf, Tgfβ1, Tgfβ2, 

and Mip2 in Neu+ mice compared to vehicle treated mice, although levels none of these 

cytokines/chemokines was significantly elevated in tumor-bearing mice compared to wild 

type mice (Figure 5). Cytokines such as Tnfα, Il-1α, and Mcp-1 are transcriptional targets 

of NF-κB 37. Among tumor-specific cytokines/chemokines, DMAPT restored the levels of 

Il-17 and lowered tumor-induced Ccl11. Therefore, tumor genome has an influence on 

circulating cytokines/chemokines, which has distinct effects on the skeletal muscle.

Neu+ tumor-induced dynamic changes in skeletal muscle structures.

Since Neu+ mice contained elevated levels of circulating aging factor Ccl11, we determined 

whether the skeletal muscles of Neu+ muscle show aging-associated changes including 

muscle fiber size. Indeed, H&E staining of cross-sliced quadriceps revealed remarkable 

focal shrinkage of skeletal muscle fibers (Figure 6A, arrow, top row), similar to focal 

shrinkage observed in aging muscle 22. Image analysis showed that approximately 55±3.6% 

total cross area of quadriceps was occupied by shrunk muscle fibers in Neu+ mice, which 

was significantly higher compared to approximately 34±2.6% in wild type mice. Treatment 

with DMAPT reduced the area occupied by shrunk muscle fibers to approximately 

31±7.1%, which was close to the levels in wild type mice. However, mammary tumors in 

PyMT+ mice did not affect the size of skeletal muscle fibers and treatment with DMAPT did 

not change the size of skeletal muscle fibers 16.

Our previous study showed downregulation of Pgc1β with accompanying decline in 

mitochondria numbers, as measured by Cox IV staining, in PyMT+ mice 16. We examined 

whether similar changes occur in Neu+ mice. Neither Pgc1β nor mitochondria levels were 

altered in Neu+ mice compared to control mice (Figure 6B; middle row). Thus, the skeletal 

muscle mitochondrial defects are unique to PyMT+ mice.

Advancing age is associated with accumulation of extracellular matrix (ECM) proteins in the 

skeletal muscle 38 and we had previously reported excessive ECM deposition in the skeletal 

muscle of PyMT+ compared to wild type mice 16. Interestingly, similar increase in ECM 

deposition in the skeletal muscle was observed in Neu+ mice (Figure 6C; bottom row). In 

wild type mice, ECM occupied 11.3±0.6% of area of cross-sectioned muscle, while it was 

21.7±1.1% in Neu+ mice. As with PyMT+ mice, treatment with DMAPT attenuated 

mammary tumor-associated ECM deposition, as ECM levels came down to 13.2±0.6% of 

area of cross-sectioned muscle. Thus, in both models, a NF-κB-dependent signaling 

pathway is responsible for elevated ECM deposition, which can be reversed 

pharmacologically. Collectively, these results imply that certain but not all structural changes 

in skeletal muscle are tumor subtype-specific.
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As a last measure of pro-inflammatory phenotype in the skeletal muscle of tumor-bearing 

mice, we determined the levels of CD45 in skeletal muscle. CD45 is a receptor-linked 

protein tyrosine phosphatase that is expressed on all leucocytes and plays a crucial role in 

cancer-associated inflammation 39. Our expectation was that the skeletal muscle of tumor-

bearing mice would have higher number of CD45+ leucocytes compared to control mice if 

there is persistent inflammatory phenotype in muscle. Indeed, IHC revealed a trend of 

elevated CD45 cells in the skeletal muscles of Neu+ mice with vehicle or with DMAPT 

treatment, when all positive CD45+ cells (weak positive, positive and strong positive CD45+ 

cells) were included per analysis by the pathologist (Figure S5). Interestingly, when only 

positive and strongly positive CD45+ cells were counted, there were approximately 5108 

CD45+ cells per mm2 of skeletal muscle of Neu+ mice, while it was significantly lower in 

wild type mice (419 cells per mm2) (Figure S5). Treatment with DMAPT did not modify 

tumor-induced enhancement of leucocyte filtrations, as skeletal muscle of DMAPT-treated 

mice contained 5932 cells per mm2. These results suggest that DMAPT modulates muscle 

function downstream of leukocyte infiltration.

DMAPT slows tumor growth and improves survival of Neu+ mice.

Although mammary tumor development in Neu+ mice is relatively slow compared to PyMT

+ mice 10, 40, 41 and visible tumors appeared at the ~16–20 weeks post birth date, the 

numbers and volume of mammary tumors increased with the disease progression (Table S3) 

and are comparable to mammary tumors in PyMT+ mice at younger age. For example, the 

average volume of mammary tumors was 0.2±0.10 cm3, 3.6±1.2 cm3, and 10.6±1.6 cm3 at 

age of 10 weeks, 12 weeks and 14 weeks, respectively, in PyMT+ mice 16, while the average 

volume of mammary tumors was 0.15±0.08 cm3, 3.1±1.08 cm3, and 7.05±1.98 cm3 at age of 

24 weeks, 26 weeks and 28 weeks, respectively, in Neu+ mice ( Table S3). In response to 

treatment with DMAPT starting at 16 weeks of age, tumor onset was delayed, tumor growth 

rate was reduced (Table S3) and, as a consequence, treated animals survived for a prolonged 

period compared to vehicle treated mice (Figure S6). Thus, DMAPT not only improved 

skeletal muscle function but also improved overall survival. These effects of DMAPT is less 

likely due to the effects of drugs on metastasis as, unlike in PyMT+, Neu+ mice showed 

very little metastasis to lungs (data not shown). In addition, none of these effects of DMAPT 

is cardiac-related, as Neu+ mice showed minimum cardiac defects compared to control mice 

(Figure S6).

Discussion

Functional limitation is mechanistically concomitant with paracrine effects of cancer and is 

likely due to aberrant myogenesis program and skeletal muscle repair leading to skeletal 

muscle dysfunction. Lack of clinical success with therapies to overcome functional 

limitation suggests the need for a radically different approach to treat systemic effects of 

cancer 42. Here, we took advantage of well-established animal models of breast cancer, 

PyMT+ and Neu+ tumor models, to examine whether the tumor subtypes with distinct 

genomic aberrations show skeletal muscle defects that are molecularly different. Indeed, we 

observed distinct molecular changes in the skeletal muscles of PyMT+ and Neu+ mice, 

representing luminal B and Her2+ subtypes of breast cancer, respectively 9. While reduced 
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expression of MuSC transcription factor Pax7 and mitochondrial dysfunction were observed 

only in PyMT+ model 16, significantly reduced size of skeletal muscle fibers, reminiscent of 

accelerated aging and human muscular dystrophy 43, 44, was observed in Neu+ mice. In 

addition, both models differed in circulating microRNAs and cytokines/chemokines profiles. 

These results indicate that cancer-specific genomic aberrations have a critical impact on the 

type of molecular changes in the skeletal muscle.

Aging-associated changes in the skeletal muscle of mammary tumor-bearing Neu+ mice:

Several changes in the skeletal muscle of Neu+ mice are reminiscent of accelerated aging 

process. For example, aging is associated with loss of skeletal MuSC function and muscle 

fiber shrinkage 44, 45, which were observed in the skeletal muscle of Neu+ mice. Aging-

associated changes in circulating miR-486 levels are also reported 46. miR-486, which is 

enriched in the skeletal muscle and accounts for 21% of total miRNA sequence reads in the 

skeletal muscle, is an integral part of a myogenesis signaling network that involves Pax7, 

MyoD, myostatin, and NF-κB 47, 48 and aging-associated inflammatory changes likely 

disrupts this axis. Systemic inflammation due to Neu+ tumors may have accelerated skeletal 

muscle aging process. In this regard, Ccl11 has recently been shown to reduce self-renewal 

of MuSC, although the study was done with MuSC that gave rise to rhabdomyosarcoma 49. 

It is interesting the Ccl11 has recently been described as an “aging factor” and is linked to 

aging-associated decline in adult neurogenesis, and impaired learning and memory 36. It 

remains to be determined whether circulating Ccl11, enriched in Neu+ mice, is responsible 

for aging-associated skeletal muscle defects in Neu+ mice.

Circulating cytokines/chemokines and tumor latency may determine the type of molecular 
changes in skeletal muscle:

Cytokines/chemokines responsible for muscle dysfunction are the potential targets for 

therapeutic intervention to improve quality of life. However, this therapeutic approach may 

need to be individualized, as we noticed model-specific variations in circulating cytokines/

chemokines. While Tgfβ2 and Tnfα are the major cytokines implicated in PyMT+ mice 16, 

Ccl11 is the major chemokine elevated in Neu+ mice. Our observations may be relevant in 

clinic as another recent study demonstrated molecular subtype specific variations in CC 

family chemokines within breast tumor tissues and observed specific upregulation of Ccl11 

transcripts in HER2+ breast cancers 35. In addition of aging-associated increase, elevated 

Ccl11 is observed in patients with fibromyalgia 50 and fibromyalgia is more common in 

breast cancer patients compared to general population 51. Patients with fibromyalgia 

demonstrate structural defect including small fibers in skeletal muscle 52. Thus, at least in 

case of HER2+ breast cancers, elevated Ccl11 could promote fibromyalgia and consequently 

affect skeletal muscle function. Ccl11 could directly affect signaling in skeletal muscle as 

skeletal muscle expresses its receptor Ccr3 as per GTEx database 53. Mechanisms involved 

in Ccl11 upregulation in cancer remains to be explored although the involvement of NF-κB 

pathway cannot be ruled out as IKKβ, an inducer of NF-κB, is required for Ccl11 expression 

in intestinal epithelial cells 54 and DMAPT reduced Ccl11 levels in Neu+ mice (Figure 5). 

Additional studies are needed to determine whether therapies that limit Ccl11 function 

reduce cancer-induced functional limitations and improve quality of life and survival.
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Muscle regeneration-associated Hoxa9 and p53 are impaired in both models:

Our two models appear to recapitulate phenotypes often observed in other skeletal muscle-

associated diseases 55, as we observed reduced expression of MuSC-enriched transcription 

factor Hoxa9 in skeletal muscle of tumor-bearing mice compared to control mice. Activation 

of Hoxa9 is observed in MuSCs of aged but not young mice upon injury and the activated 

Hoxa9 impairs recovery and depletion of Hoxa9 restores satellite function in aged muscle 23. 

Paradoxically, we observed loss of Hoxa9 expression in skeletal muscle in both of our tumor 

models suggesting unique regulation of Hoxa9 in skeletal muscle of cancer-bearing mice or 

Hoxa9 loss is a reaction of skeletal muscle to overcome the deleterious effects of tumors on 

satellite cell function.

Reduced skeletal muscle level of p53 was found in both models suggesting cancer-induced 

defect in skeletal muscle regeneration. In aged mice, p53 deficiency leads to impaired self-

renewal and increased mitotic catastrophe of MuSC during repair process 22. Reduced 

skeletal muscle p53 levels may also be responsible for lower expression of miR-486 in 

skeletal muscle as well as lower circulating levels, as a recent report indicated p53-mediated 

positive transcriptional regulation of miR-486 56, 57. In our present study, DMAPT treatment 

reversed the loss of p53 in skeletal muscles of Neu+ mice, which is consistent with 

restoration of miR-486 in circulating system and skeletal muscles in DMAPT-treated mice 

(Figure 4). In addition to miR-486, p53 loss could impact other pathways of myogenesis as 

p53 controls expression/activity of Carm1, a major epigenetic regulator of MuSC 

asymmetric division, and Prdm16, which controls MuSC differentiation into brown adipose 

tissue 30, 58, 59.

How tumor burden leads to lower skeletal muscle p53 is unclear at present. The previously 

described Notch-Hey1-Mdm2 axis 22 is less likely involved, as we did not observe 

differences in skeletal muscle Mdm2 levels in control and tumor-bearing mice. Based on the 

literature 33 as well as the ability of NF-κB inhibitor DMAPT to reverse p53 loss, cancer-

mediated induction of NF-κB in skeletal muscle could be responsible for reduced p53 levels. 

Collectively, these results reveal a NF-κB:p53:miR-486 axis involved in myogenic signaling 

network and the role of tumors in disrupting this axis to cause skeletal muscle disfunction.

Types of molecular changes in skeletal muscle may depend on tumor latency.

The aggressive PyMT+ model (~105 days), which has tumor gene expression pattern 

resembling luminal B breast cancer 9, displayed many more musculoskeletal defects 

compared to less aggressive Neu+ model (~220 days). MuSC exhaustion appears to be much 

more extreme in PyMT+ model compared to Neu+ model as the levels of MuSC 

transcription factor Pax7 and MuSC differentiation regulator MyoD were significantly lower 

in skeletal muscle of PyMT+ mice compared to control mice 16. We had previously reported 

loss of MyoD in the skeletal muscle of another Neu+ model, which carried an activated 

version of Neu and tumor latency in that model is shorter (~170 days) than the Neu+ model 

used in this study 34. Thus, it appears that tumor growth rate has an influence on extent of 

molecular changes in skeletal muscle and can explain for differences in observations 

between acute xenograft cachexia models and chronic transgenic models. In this respect, a 

recent study reported beneficial effects of Il-15 supplementation in overcoming mammary 
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tumor-induced muscle fatigue in a syngeneic mouse model 60. However, in both of our 

models, which cause relatively chronic muscle damage compared to acute muscle fatigue in 

their model (24 days), we did not observe any changes in Il-15 levels in tumor-bearing mice. 

In fact, in Neu+ model, improved muscle function upon DMAPT treatment correlated with 

lower Il-15. These results further emphasize the need to characterize cancer-induced skeletal 

muscle defect at individual or cancer subtype-specific levels instead of generalizing the 

findings from a model system.

Conclusions:

In a recent review, Baracos et al., 42 stated that “Our understanding of the underlying 

mechanisms of cachexia in individual patients is crude at best; accordingly, further 

characterization of the clinical etiologies is needed”. Data presented here further support the 

concept that molecular features of skeletal muscle need to be evaluated at individual patient 

level or at least at tumor subtype level, similar to current attempts to characterize primary 

tumors at individual level or to subclassify tumors based on shared features. For example, 

we observed mitochondrial defects in PyMT+ model, whereas aging-associated defects were 

noted in Neu+ mice. Thus, characterizing skeletal muscle at individual or cancer subtype-

specific levels will lead to better symptom management in future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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List of Abbreviations:

Acvr2b activin A receptor type 2B

ANOVA analyses of variance

Carm1 co-activator associated arginine methyltransferase 1

Casz1 castor zinc finger 1

Ccl11 C-C motif chemokine ligand 11

CM conditioned media

CO2 carbon dioxide

CoxIV cytochrome c oxidase subunit 4 isoform 1

Cxcl1 C-X-C motif chemokine ligand 1

DMAPT dimethylaminoparthenolide
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DMEM Dulbecco’s modified eagles media

DOB Date-of-Birth

ECM extracellular matrix

EDL extensor digitorum longus muscle

FBS fetal bovine serum

G-csf granulocyte-colony stimulating factor

Gm Csf, granulocyte-macrophage colony stimulating factor

GTex genotype-tissue expression

H&E hematoxylin and eosin

Hey1 Hairy/enhancer-of-split related with YRPW motif protein 1

Hoxa9 homeobox A9

Ifnγ interferon gamma

IHC immunohistochemistry

IKK Inhibitor of kappaB kinase

Il-1 interleukin 1

Il1ra interleukin 1 receptor antagonist

Kmt2 Histone-lysine N-methyltransferase 2A

Mcp1 monocyte chemoattractant protein 1

Mdm2 Mouse double minute homolog 2

miRNA microRNA

MMTV mouse mammary tumor virus

Mip2 macrophage inflammatory protein 2

MuSC muscle stem cells

Myf6 myogenic factor 6

MyoD myoblast determination protein 1

NF-κB nuclear factor-kappaB

Nurr1 Nuclear receptor related 1 protein

PCR polymerase chain reaction

Pax7 paired box 7
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Pgc1β peroxisome proliferator-activated receptor gamma co-activator 1 

(beta)

PyMT polyoma middle tumor antigen

RIPA radioimmunoprecipitation assay buffer

shRNA short hairpin RNA

Smad7 mothers against decapentaplegic homolog 7

Tak1 transforming growth factor beta activated kinase

Tgfβ transforming growth factor beta

Timp1 TIMP metallopeptidase inhibitor 1

Tnf tumor necrosis factor
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Figure 1: 
Functional limitations in mammary tumor-bearing mice. A. Reduced grip strength force in 

mammary tumor-bearing Neu+ mice was restored upon oral administration of DMAPT 

(n=8–12; p=0.0069). B. Reduced rotarod performance in mammary tumor-bearing Neu+ 

mice was reversed by DMAPT treatment (n=8–12, p<0.0001). * indicates significance 

between wild type and tumor-bearing groups. # indicates significance between vehicle-

treated tumor-bearing group and DMAPT-treated tumor-bearing group. C. Skeletal muscle 

of tumor-bearing Neu+ mice displayed lower contraction force compared to age and sex-

matched controls (p<0.0001). D. Tumors in PyMT+ mice similarly affected skeletal muscle 

contraction force (p<0.0001).
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Figure 2: 
Altered levels of CD82+ and CD54+ stem/progenitor cells in the skeletal muscle of tumor-

bearing mice. A. Skeletal muscle of Neu+ mice contained lower number of CD82+ 

(p=0.0407) and CD54+ cells (top panel, p=0.0431). Circles denote CD82+/CD54+ double 

positive cells. B. Skeletal muscle composition in PyMT+ mice is different from that of Neu+ 

mice as there were higher numbers of CD82+ cells (p=0.0416) without any changes in 

CD54+ cells (bottom panel).
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Figure 3: 
The effect of Neu+ tumor on gene expression in the skeletal muscle. A. Expression pattern 

of skeletal muscle-enriched genes in wild type, Neu+, and Neu+ DMAPT-treated mice 

(n=8–12). B. MyoD and p53 protein levels in the skeletal muscle of indicated mice (four per 

group). Same blots were stained with Ponceau Staining to demonstrate equal loading. C. 
Quantitative analyses of western blots using the Image J software (p=0.0452). D. mRNA 

levels of p53 (p=0.0311), Mdm2 and Hey1 (0.0472) in the skeletal muscle of Neu+ mice. * 

indicates significance between wild type group and tumor-bearing groups. # indicates 
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significance between vehicle-treated tumor-bearing group and DMAPT-treated tumor-

bearing group. E. p53 protein levels were lower in the skeletal muscle of PyMT+ mice, 

which could be reversed by DMAPT treatment (p=0.0092). F. Depletion of p53 protein in 

the purified skeletal muscle cells of Neu+ mice (p<0.0001). G. Conditioned medium (CM) 

from Neu+ (p=0.0409), but not PyMT+, tumor-derived cell line downregulated p53 in 

differentiated but not undifferentiated C2C12 myoblast cell line.
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Figure 4: 
Tumor-induced changes in miRNAs in circulation and in skeletal muscles. A. Circulating 

miR-486 was lower in Neu+ mice, which was reversed by DMAPT treatment (n=8–12, 

p=0.0049). B. Skeletal muscle miR-486 was lower in Neu+ mice (p=0.022), which was 

partially reversed by DMAPT treatment (n=8–12). * indicates significance between wild 

type group and tumor-bearing groups. # indicates significance between vehicle-treated 

tumor-bearing group and DMAPT-treated tumor-bearing group.
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Figure 5: 
Circulating cytokines/chemokines in Neu+ mice. Cytokine/chemokine levels in plasma of 

age-matched animals of three groups were assessed using multiplex ELISA kit (n=6 per 

group). In case of no detectable cytokine/chemokine, a value of zero was given. Only data 

with at least three animals per group with detectable expression were included. Data were 

graphed in four panels based on cytokine/chemokine levels. * indicates significance between 

wild type group and tumor-bearing group (p<0.05). # indicates significance between vehicle-

treated tumor-bearing group and DMAPT-treated tumor-bearing group (p<0.05).
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Figure 6: 
Morphological changes in the skeletal muscles of Neu+ mice. A. Mammary tumors led to 

significant shrinkage of muscle fibers in Neu+ mice compared to wild type mice. DMAPT 

treatment reversed muscle shrinkage (top row). Arrows indicate shrunk muscle cells (n=6, 

p=0.0033). B. Mitochondria content in muscles was measured through IHC of Cox IV. No 

significant changes between groups (n=8; middle row). C. ECM in the skeletal muscles of 

Neu+ tumor-bearing mice was higher compared to wild type mice, which was reversed by 

DMAPT treatment (n=8; bottom row, p<0.0001). * indicates significance between wild type 

group and tumor-bearing groups. # indicates significance between vehicle-treated tumor-

bearing group and DMAPT-treated tumor-bearing group.
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Table 1.

Molecular changes in transgenic mouse models of breast cancer

Categories Molecules PyMT+ mice Neu+ mice

Drug DMAPT − + − +

Muscle mRNAs

Pax7 low restored No effect Up

MyoD low low low trend Restored

Pgc1β low restored No effect Up

Acvr2b low restored No effect Up

Dmpk low restored Low Restored

Lmna Low trend low

Prkag1 low low Low up trend

Hoxa9 low restored Low Restored

Casz1 No effect Up

Kmt2c No effect Up

Nurr1 No effect Up

Myf6 No effect Up

p53 low restored Low Restored

Mdm2 No effect No effect No effect No effect

Hey1 low trend No effect low Restored

Muscle proteins

Pax7 low restored

MyoD low trend restored low trend Restored

p53 low restored Low Restored

Cox-IV low restored No effect No effect

Cell surface markers

CD45 Up Up

CD82 up Low

CD54 No effect Low

Muscle miRNAs

miR-486 low low Low up trend

miR-16 low low No effect No effect

miR-146a low low low trend up trend

miR-214 low low No effect No effect

miR-206 low low N/A N/A

Circulating miRNAs
miR-486 low up trend Low Restored

miR-146a No change up No effect No effect

Circulating cytokines

Il-5 No change low Low up trend

Tnfα up up No effect Low

Mip-2 low restored No effect Low

Il-9 low restored No effect No effect

Kc low low No effect No effect

Il-1a low restored No effect Low

G-csf up up No effect No effect
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Categories Molecules PyMT+ mice Neu+ mice

Drug DMAPT − + − +

Tgf-β1 N/A N/A up trend Restored

Tgf-β2 up up No effect Low

Tgf-β3 up trend up Not detected Not detected

Lix low restored up trend Restored

Eotaxin (Ccl11) No effect No effect up Restored
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