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Disclaimer

The views, opinions, and  findings contained in this report are those of the 
authors and should not be construed as official Department of the Army 
position, policy, or decision, unless so designated by other official 
documentation.

Citations of commercial organizations or trade names in this report do not 
constitute an official Department of the Army endorsement or approval of the 
products or services of these organizations.

Research was conducted under an IACUC-approved animal use protocol in 
an AAALAC International - accredited facility with a Public Health Services 
Animal Welfare Assurance and in compliance with the Animal Welfare Act 
and other federal statutes and regulations relating to laboratory animals



WRAIR
Rasha Hammamieh

Nabarun Chakraborty

George Dimitrov

Stacy-Ann Miller

Allison Hoke

Stephen Butler

Bintu Sowe

Routing Yang

CPT Kevin Swift

CPL Phillip Urbanczyk

Pamela Spellman

Dana Youssef

Candace Moyler

Raina Kumar

Janice Gary

William Levangie

Jesse Lynch

UNCLASSIFIED 3

Acknowledgements
Indiana University

Melissa Kacena & team
Paul Childress

ISS National Lab Team

NASA  ARC Rodent Research 
Team

USAMRICD 
LTC Cary Honnold

MAJ Connie Schmitt

DoD STP

Carolynn Conley
James McLeroy
Perry Ballard
John Scott



UNCLASSIFIED



Integrative Biology Approaches to Diseases of Military Relevance
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2011
STS-135: in vitro project: assess the effect of microgravity on host responses 

2017
Rodent Research 2 (RR2). Collaborating with Novartis, Inc.

2017
Rodent Research 4 (RR4): (bone regeneration) Collaborating with Indiana University

2019
Cell Science-2 (CS-02): (bone regeneration) in vitro project, 
Collaborating with Indiana University

2022
Rodent Research 22 (RR22): (wound healing) Collaborating with Washington Hospital Center

TBD: Vaccine Efficacy 

Our Efforts Onboard the International Space Station (ISS)
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Presenter
Presentation Notes
There are 2 million preventable fractures every year. Compare that to other health problems like breast cancer, heart attacks and strokes.



Bone Defect: Cross-community Health Issue 

Modern warfare has reduced mortality, but comes with heavy cost

 Healthcare burden increased 5x from Vietnam war to OIF/OEF war

 Orthopaedic injuries and bone fractures resulting from battlefield explosions and accidents are a 
focus in orthopaedic research

 Animal models don’t fully mimic the weightlessness experienced by clinical patients

 Etiology of bone healing is still elusive

 Bone defect is major career limiting factor of civilian community

 Unhealed fractures lead to pain, loss of function, and potential amputation
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Bone Healing in Microgravity
• Research has shown that bone healing in microgravity is slower and less effective 

than on Earth, with a higher risk of complications such as bone loss, delayed 
union, and non-union. This is due to several factors, including the reduced 
mechanical stress on the bone, altered bone remodeling, and changes in the 
balance of bone-forming and bone-resorbing cells.

• Various measures have been taken to promote bone healing in microgravity, 
such as exercise regimens, nutritional supplements, and the use of specialized 
medical devices. 

• Medical devices such as low-intensity pulsed ultrasound (LIPUS) and bone 
morphogenetic proteins (BMPs) have also been investigated as potential 
treatments for bone healing in microgravity. LIPUS has been shown to accelerate 
bone healing and improve bone density in animal studies, while BMPs have been 
used successfully to promote bone growth in humans with bone defects.

• Research is needed to further understand the underlying mechanisms and to 
develop more effective treatments for bone healing in microgravity.
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Objective and Approaches

Objective
To gain a comprehensive understanding of the effects of µG and other comorbidities of 
spaceflight on mammalian tissue regeneration using a in vivo (mouse) segmental bone 
defect model. Further to check the efficacy of  bone regeneration FDA approved drugs.

Approach
We will undertake a Systems Biology effort to integrate multi-omics reads: mRNA 
sequencing, miRNA profile, global changes in DNA methylation patterns, bioenergetics 
and changes in expression of targeted sets of proteins, and changes in the microbiome 
during the skin wound healing process for mice in on the ground, in spaceflight, and after 
return from spaceflight (post- flight).



Study Design: At a Glance

SBD + Saline/no Drugs

SBD + Drugs*

SBD + Drugs*

SBD + Saline/no Drugs

Microgravity 
SHIFTS 

Drug efficacy

Microgravity 
SHIFTS 

Regenerative 
activity

Microgravity 
&

Drug 
INTERACTIONS

*Drugs: 
1. Bone Morphogenetic protein-2 (BMP-2): FDA-approved bone healing agent
2. Thrombopoietin (TPO): A recently patented bone healing agent



Experiment Design: Flight and Ground

12

5 mice: carcass frozen for omics
1) 10 mice with SBD + BMP2 treatment

2) 10 mice with SBD + alternative treatment

3) 10 mice with SBD + Saline treatment

4) 10 mice no SBD (healthy/sham)

5 mice: RL fixed for histopathology; 
remainder frozen for omics

5 mice: RL fixed for histopathology; 
remainder frozen for omics

5 mice: carcass frozen for omics

5 mice: RL fixed for histopathology; 
remainder frozen for omics

5 mice: carcass frozen for omics

5 mice: RL fixed for histopathology; 
remainder frozen for omics

5 mice: carcass frozen for omics

SBD- Segmental Bone Defect
RL- Right Limb



Temporal Work-Breakdown Structure

L+5d

~1wk after delivery to L-3dL-4d to 2wks

L-3d

L-1d
L+1d

L+23-28d

Mice arrived at KSC

Mice ear punched

Acclimate mice. Microchipping

SBD 
Surgery

Load into Transporters

GC surgeries

Mice transferred to ISS

3d after delivery to L-3d

Euthanize mice 

Launch

GC: Ground control; L: Launch; KSC: Kennedy Space Center; ISS: International Space Station, SBD: Segmental Bone Defect

Rodent Research 4 (RR4)
Animal study- Launched in 2017



https://www.nasa.gov/mission_pages/station/research/news/rodent_research

Animal cage used in Space 
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Gut 
Microbiomics

Brain

Lungs
Heart

Liver
Stomach

Spleen

Small 
Intestine

Kidney

Pan-Omics

- mRNA 
Transcriptomics

- Epigenomics
(miRNA & 

DNA methylation)

- Proteomics

- Metabolomics

Eye

Bone & Muscle

RR4: Tissues/ Samples to Investigate



RR4: Molecular assay flow
l

Cryo-mill Lyophilized Samples

RNA extraction

mRNA seq:  Illumina HiSeq
miRNA Seq: Illumina small RNA 
seq

Metabolomics assays

Q-TOF Premier 
mass spec (Waters, Inc.)

Peaks annotation 

Protein preparation

Olink Mouse panel

HD Biomark
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RR4: Major Findings

 Negative effects of 
spaceflight on each 
skeletal compartment 
was due to an 
enhanced loss of bone 
and sometimes due to 
a failure to accumulate 
bone mass



RR4: Spaceflight delayed bone healing

 Bone healing in spaceflight was delayed in comparison to on Ground

 Complete bone bridging was not observed in mice with bone defects

 Enhanced loss of bone due to a failure to accumulate bone mass

Presenter
Presentation Notes
The images showed that complete bone bridging was not observed in either the G-Surgery or FLT-Surgery mice. Without any therapeutic intervention, this size of SBD does not typically heal on ground, and the present study showed that prolonged disuse of limbs in spaceﬂight also cannot facilitate healing of the 2 mm SBD. The region of interest or the callus area is shown.



DATA DESCRIPTION AND PRELIMINARY RESULTS
RR4 Bone: Cluster of Gene Expression Molecular Network

 Molecular analysis found a network cluster that activated apoptosis (cell death) but inhibited cell 
movement

 These data underlines the risk of delayed bone healing in space/ during chronic unloading

Presenter
Presentation Notes
The interdependence between the biological functions and canonical networks in surgery mice. The focus was on two primary biological functions, namely apoptosis and cellular migration with surgery. The regulation status of these biological functions and canonical networks are deﬁned by z-score. The activated and inhibited functions or networks in the spaceﬂight mice have z-scores greater than + 2 or lower than 2, respectively. The activation and inhibition status are represented as downward green arrows or an upward red arrow, respectively. The biological functions are at the center; while in the periphery, arranged are those canonical networks that have signiﬁcant overlap with the respective biological function (hypergeometric t-test p < 0.05). The regulation status (activated vs. inhibited in FLT-Surgery) is noted by the arrows juxtaposing each network. (A) Apoptosis in FLT-Surgery. Apoptosis signal is activated in FLT-Surgery. There are 17 canonical networks driving the pro-apoptotic condition in FLT-Surgery. Except one activated network, namely RhoGDI signal, the remainder are inhibited in FLT-Surgery. (B) Cell movement in FLT-Surgery. This signal is inhibited in FLT-Surgery. In addition to the 18 canonical networks that are concurrently driving the pro-apoptotic and anti-migration status in FLT-Surgery, there are two canonical networks signiﬁcantly associated with inhibited cell movement in the spaceﬂight callus, namely ILK signaling and integrin signaling. They are placed at the outer periphery and both are suppressed in FLT-Surgery. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)



Biological functions in bone- Genes and Metabolites
Effect of microgravity on Sham and Surgery
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Presenter
Presentation Notes
Hierarchical clustering of the biological functions arranged according to their z-scores. In either Sham or Surgery groups, the activated andinhibited functions in the FLT-mice have z-scores greater than +2 or lower than 2, respectively than the G-mice. There are 4 and 7 biological functions significantlyperturbed in Sham and Surgery mice, respectively. The function linked to morbidity is the only common function between Sham and Surgery, and it switches its regulationstatus between FLT-Sham and FLT-Surgery. Red and green represent activated and inhibited network in spaceflight, respectively (code seen bottom right). (B) Bar chartshowing the distribution of upregulated and down regulated molecules in individual biological functions mentioned in Fig. 3A. By definition, the upregulated genes showhigher genomic regulations in FLT-mice than G-mice; and vice versa. The horizontal axis represents the number of molecules enriching individual biological functions. Thetotal number of molecules is defined as the sum of all differentially expressed genes (DEGs) and differentially expressed metabolites (DEMs). (For interpretation of thereferences to color in this figure legend, the reader is referred to the web version of this article.)N. Chakraborty, A. Zamarioli, A. Gautam et al. Computational and Structural Biotechnology Journal 19 (2021) 3507–35203513
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Bone: NFKB signaling in surgery mice

Presenter
Presentation Notes
The pro-apoptotic and anti-cell migratory cluster of networks in FLT-Surgery. The canonical gene network linked to NFjB signaling in surgery mice. The oval and rectangular nodes represent genes and biological functions, respectively. The canonical signal, namely the NFjB network is inside a black-bordered rectangular box. Two associated networks, namely cell movement and apoptosis are contained within purple-bordered rectangular boxes. The oval and rectangular nodes are colored based on their regulation status. The genes upregulated in FLT-Surgery in comparison to G-Surgery are in red oval nodes; and the genes down regulated in FLT-Surgery in comparison to G-Surgery are in green oval nodes. The color code is at the bottom right. The edges connecting nodes represent their relationships. The arrow heads, blunt heads, and open end edges represent activating, inhibiting, and associative relationships, respectively. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)



Spaceflight reduced quadriceps mass in healthy/sham mice

Weight of quadriceps muscle 
of sham mice

Ground Flight

Quadriceps 
collected  at this 

site

**
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Quad: Non-Canonical networks

 An intricate combinations of comorbidities towards muscular dystrophy in spaceflight 

Muscle tissues near the bone defect site were analyzed for gene expression regulation

Presenter
Presentation Notes
our noncanonical networks of interest, namely metabolic dysfunction, muscle health, inflammation, and mitochondrial dysregulation. The metabolic dysfunction includes dysfunctions in metabolism of carbohydrate, lipid, and protein, respectively. The Venn diagram at the center suggests the association among these four noncanonical functions, whereas the numbers inside the diagram represent overlapping DEGs and DEMs across the networks. The subnetworks under each noncanonical network are listed next to the color‐coded boxes representing their significance of enrichment calculated by hypergeometric t test. The color code of the range of log10(p values) is shown at the left bottom corner; two extreme points, namely the dark blue and light blue, represented by log10(p values) = 10 and 100, respectively. The numbers of molecules (DEGs + DECs) enriching each network are represented by different circles next to the columns of log10(p values). Circles bordered by broken line, solid line, double line, solid line + filled with hashed lines, and solid line + filled solid color represent the sample sizes <25, 50, 75, 100, and 125, respectively. The regulation status (activated versus inhibited) of the networks were computed by MAP algorithm. Only the activated networks were marked by upward red arrows; the remaining unmarked networks were inhibited as per MAP algorithm
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Quad: Bioenergetics networks

Presenter
Presentation Notes
Bioenergetics networks inhibited in spaceflight



25

5 mice: carcass frozen for omics

1) 10 mice with SBD + BMP2 treatment

2) 10 mice with SBD + alternative treatment

1) 10 mice with SBD + Saline treatment

2) 10 mice no SBD (healthy/sham)

5 mice: RL fixed for histopathology; 
remainder frozen for omics

5 mice: RL fixed for histopathology; 
remainder frozen for omics

5 mice: carcass frozen for omics

Flight 

Ground

Flight

Ground SBD- Segmental Bone Defect

How the underlying molecular events as well as  
phenotypic observations correlate to miRNA analysis?

Follow-up study



Heatmap: miRNA in Callus and Quad
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Quad-Callus:Principal Component Analysis-miRNA

FLT-Surgery
GRD-Surgery
FLT-Sham
GRD-Sham
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Diseases and Biofunctions: miRNA Analysis

Surgery 
+Flight Surgery Flight

Surgery 
+Flight Surgery Flight

Diseases and Bio Functions
Leukopoiesis -2.621 -2.621 -0.44
Granulopoiesis -2.425 -2.425
Myelopoiesis of leukocytes -2.425 -2.425
Differentiation of myeloid leukocytes -2.425 -2.425
Differentiation of progenitor cells -2.425
Differentiation of hematopoietic progenitor -2.213 -1.154
Metastasis of cells -1.082 -1.082
Neoplasia of cells -0.537 1.02
Apoptosis -0.364 -1.099 -0.392 -1.817
Necrosis -0.274 -0.967 -0.458 -1.506
Migration of cells 0.642 1.12 1.027
Cell viability 1.068 0.14 0.628
Fibrosis 1.982
Tubulation of cells 1.067

QuadCallus


quad and callus combined

		QUAD ( removing cancer related pathways  and removing all data between 1 and -1

				Surgery +Flight		Surgery 		Flight		Surgery +Flight		Surgery 		Flight

		Diseases and Bio Functions		Callus						Quad

		Leukopoiesis		-2.621		-2.621				-0.44						he process of generating white blood cells (LEUKOCYTES) from the pluripotent HEMATOPOIETIC STEM CELLS of the BONE MARROW

		Granulopoiesis		-2.425		-2.425										Granulopoiesis (or granulocytopoiesis) is a part of haematopoiesis, that leads to the production of granulocytes. ... It leads to the production of three types of mature granulocytes: neutrophils (most abundant, making up to 60% of all white blood cells), eosinophils (up to 4%) and basophils 

		Myelopoiesis of leukocytes		-2.425		-2.425										Myelopoiesis generally refers to the production of leukocytes in blood, such as MONOCYTES and GRANULOCYTES. This process also produces precursor cells for MACROPHAGE and DENDRITIC CELLS found in the lymphoid tissue

		Differentiation of myeloid leukocytes		-2.425		-2.425										Each progenitor cell is only capable of differentiating into cells that belong to the same tissue or organ.								Each progenitor cell is only capable of differentiating into cells that belong to the same tissue or organ.

		Differentiation of progenitor cells		-2.425

		Differentiation of hematopoietic progenitor cells		-2.213						-1.154

		Metastasis of cells		-1.082		-1.082

		Neoplasia of cells		-0.537		1.02

		Apoptosis		-0.364		-1.099				-0.392		-1.817

		Necrosis		-0.274		-0.967				-0.458		-1.506

		Migration of cells		0.642		1.12				1.027						Cell migration is the directed movement of a single cell or a group of cells in response to chemical and/or mechanical signals

		Cell viability		1.068		0.14				0.628

		Quantity of cells								-0.285

		Vasculogenesis								-0.168

		Differentiation of muscle cell lines								-0.128				-0.447

		Angiogenesis								0.301

		Colony formation								0.447

		Differentiation of fibroblast cell lines								0.577

		Cell proliferation of hepatoma cell lines												0.048

		Differentiation of embryonic cell lines				-1.067

		Fibrosis				1.982										fibrosis describes the development of fibrous connective tissue as a reparative response to injury or damage

		Tubulation of cells				1.067





diseases and biofunctions

		Â© 2000-2021 QIAGEN. All rights reserved.												Callus ( removing cancer related pathways  and removing all data between 1 and -1

																S+G		S		G

		Diseases and Bio Functions		C_Gsal_Gsh		C_Fsal_Gsh		C_Fsh_Gsh						Diseases and Bio Functions		C_Fsal_Gsh		C_Gsal_Gsh		C_Fsh_Gsh

		Leukopoiesis		-2.621		-2.621								Leukopoiesis		-2.621		-2.621				he process of generating white blood cells (LEUKOCYTES) from the pluripotent HEMATOPOIETIC STEM CELLS of the BONE MARROW

		Granulopoiesis		-2.425		-2.425								Granulopoiesis		-2.425		-2.425				Granulopoiesis (or granulocytopoiesis) is a part of haematopoiesis, that leads to the production of granulocytes. ... It leads to the production of three types of mature granulocytes: neutrophils (most abundant, making up to 60% of all white blood cells), eosinophils (up to 4%) and basophils 

		Myelopoiesis of leukocytes		-2.425		-2.425								Myelopoiesis of leukocytes		-2.425		-2.425				Myelopoiesis generally refers to the production of leukocytes in blood, such as MONOCYTES and GRANULOCYTES. This process also produces precursor cells for MACROPHAGE and DENDRITIC CELLS found in the lymphoid tissue

		Differentiation of myeloid leukocytes		-2.425		-2.425								Differentiation of myeloid leukocytes		-2.425		-2.425				he process in which a relatively unspecialized myeloid precursor cell acquires the specialized features of any cell of the myeloid leukocyte lineage

		Apoptosis of squamous cell carcinoma cell lines		1.97		1.97								Differentiation of progenitor cells		-2.425						Each progenitor cell is only capable of differentiating into cells that belong to the same tissue or organ.

		Cell death of cancer cells		-1.833		-1.541								Differentiation of hematopoietic progenitor cells		-2.213

		Cell proliferation of lymphoma cell lines		1.253		1.981								Metastasis of cells		-1.082		-1.082

		Proliferation of thyroid tumor cell lines		-1.142		-2								Fibrosis				1.982				fibrosis describes the development of fibrous connective tissue as a reparative response to injury or damage

		Cancer of cells		-1.342		-1.58								Migration of cells		0.642		1.12				Cell migration is the directed movement of a single cell or a group of cells in response to chemical and/or mechanical signals

		Proliferation of lung cancer cell lines		-1.055		-1.824								Neoplasia of cells		-0.537		1.02

		Cell proliferation of carcinoma cell lines		-0.412		-2.401								Apoptosis		-0.364		-1.099

		Differentiation of progenitor cells				-2.425								Necrosis		-0.274		-0.967

		Differentiation of hematopoietic progenitor cells				-2.213								Cell viability		1.068		0.14

		Metastasis of cells		-1.082		-1.082								Tubulation of cells				1.067

		Proliferation of stomach cancer cell lines		1.996										Differentiation of embryonic cell lines				-1.067

		Growth of Murine herpesvirus 4		-1.993

		Fibrosis		1.982

		Cell viability of breast cancer cell lines		1.982

		Growth of tumor		1.677		-0.278

		Invasion of breast cancer cell lines		1.203		0.705

		Growth of Murine cytomegalovirus		-0.867		-1

		Cell proliferation of hepatoma cell lines		0.805		-1.019

		Proliferation of leukemia cell lines		-0.651		-1.131

		Migration of cells		1.12		0.642

		Proliferation of pancreatic cancer cell lines		0.529		1.147

		Migration of tumor cell lines		1.065		0.608

		Cell proliferation of squamous cell carcinoma cell lines		-0.346		-1.27

		Apoptosis of cancer cells		-1.02		-0.588

		Neoplasia of cells		1.02		-0.537

		Cell proliferation of colorectal cancer cell lines		-0.985		-0.548

		Apoptosis		-1.099		-0.364

		Apoptosis of leukemia cell lines		-1.458

		Malignant neoplasm of respiratory system		0.861		0.562

		Cell viability of carcinoma cell lines		-1.408

		Metastasis of tumor cell lines		-0.692		-0.692

		Growth of human herpesvirus 1		-1.372

		Neoplasia of tumor cell lines		1.131		-0.211

		Apoptosis of tumor cell lines		-1.076		-0.264

		Migration of melanoma cell lines		-0.651		-0.651

		Invasion of tumor cell lines		0.995		0.303

		Necrosis		-0.967		-0.274

		Cell viability		0.14		1.068

		Cell proliferation of tumor cell lines		0.414		-0.793

		Epithelial-mesenchymal transition of tumor cell lines		1.196

		Apoptosis of stomach cancer cell lines		-1.091

		Cell proliferation of breast cancer cell lines		0.67		0.4

		Tubulation of cells		1.067

		Differentiation of embryonic cell lines		-1.067

		Cell proliferation of cervical cancer cell lines				1.067

		Cell movement of breast cancer cell lines		-0.492		-0.574

		Quantity of tumor cell lines		-1

		Cell viability of colorectal cancer cell lines		-1

		Cell proliferation of vascular endothelial cells		-1

		G1/S phase transition of embryonic cell lines		0.979		-0.014

		G1/S phase transition of fibroblast cell lines		0.979		-0.014

		Interphase		0.979		-0.014

		G1 phase		0.979		-0.014

		Invasion of cells		0.737		0.251

		Cell movement		0.736		0.188

		Cell movement of tumor cell lines		0.706		0.181

		Migration of lung cancer cell lines		0.849

		DNA damage		0.277		-0.555

		Cell proliferation of melanoma cell lines		-0.069		-0.739

		Cell viability of tumor cell lines		0.113		0.678

		Apoptosis of carcinoma cell lines		0.191		0.571

		Differentiation of embryonic tissue		-0.156		-0.594

		Growth of Herpesviridae		-0.725

		Migration of breast cancer cell lines		0.447		0.277

		Visceral metastasis		-0.555		-0.152

		Metastatic solid tumor		-0.555		-0.152

		Advanced malignant solid tumor		-0.555		-0.152

		Advanced malignant tumor		0.325		-0.38

		Metastasis		0.325		-0.38

		Invasive tumor		0.231		-0.464

		Proliferation of cancer cells		0.638

		Apoptosis of lung cancer cell lines		-0.277		-0.285

		Invasion of lung cancer cell lines		0.555

		Apoptosis of bone cancer cell lines		-0.254		-0.254

		Colony formation		-0.506

		Angiogenesis		0.093		0.4

		Invasion of carcinoma cell lines		-0.469

		Proliferation of endothelial cells		-0.391

		Proliferation of prostate cancer cell lines		-0.065		0.252

		Proliferation of heart cells		0.283

		Migration of colorectal cancer cell lines				-0.278

		Migration of hepatoma cell lines		-0.095		-0.095

		Apoptosis of hepatoma cell lines		-0.157

		Proliferation of vascular cells		-0.156

		Pulmonary metastasis		-0.152

		Advanced extracranial solid tumor		-0.152

		Migration of carcinoma cell lines		0.142

		Cell movement of melanoma cell lines		0.015





Sheet2





diseases and biofunctions_score

		Â© 2000-2021 QIAGEN. All rights reserved.

		Diseases and Bio Functions		C_Gsal_Gsh		C_Fsal_Gsh		C_Fsh_Gsh

		Leukopoiesis		-2.621		-2.621		N/A

		Granulopoiesis		-2.425		-2.425		N/A

		Myelopoiesis of leukocytes		-2.425		-2.425		N/A

		Differentiation of myeloid leukocytes		-2.425		-2.425		N/A

		Apoptosis of squamous cell carcinoma cell lines		1.97		1.97		N/A

		Cell death of cancer cells		-1.833		-1.541		N/A

		Cell proliferation of lymphoma cell lines		1.253		1.981		N/A

		Proliferation of thyroid tumor cell lines		-1.142		-2		N/A

		Cancer of cells		-1.342		-1.58		N/A

		Proliferation of lung cancer cell lines		-1.055		-1.824		N/A

		Cell proliferation of carcinoma cell lines		-0.412		-2.401		N/A

		Differentiation of progenitor cells		N/A		-2.425		N/A

		Differentiation of hematopoietic progenitor cells		N/A		-2.213		N/A

		Metastasis of cells		-1.082		-1.082		N/A

		Proliferation of stomach cancer cell lines		1.996		N/A		N/A

		Growth of Murine herpesvirus 4		-1.993		N/A		N/A

		Fibrosis		1.982		N/A		N/A

		Cell viability of breast cancer cell lines		1.982		N/A		N/A

		Growth of tumor		1.677		-0.278		N/A

		Invasion of breast cancer cell lines		1.203		0.705		N/A

		Growth of Murine cytomegalovirus		-0.867		-1		N/A

		Cell proliferation of hepatoma cell lines		0.805		-1.019		N/A

		Proliferation of leukemia cell lines		-0.651		-1.131		N/A

		Migration of cells		1.12		0.642		N/A

		Proliferation of pancreatic cancer cell lines		0.529		1.147		N/A

		Migration of tumor cell lines		1.065		0.608		N/A

		Cell proliferation of squamous cell carcinoma cell lines		-0.346		-1.27		N/A

		Apoptosis of cancer cells		-1.02		-0.588		N/A

		Neoplasia of cells		1.02		-0.537		N/A

		Cell proliferation of colorectal cancer cell lines		-0.985		-0.548		N/A

		Apoptosis		-1.099		-0.364		N/A

		Apoptosis of leukemia cell lines		-1.458		N/A		N/A

		Malignant neoplasm of respiratory system		0.861		0.562		N/A

		Cell viability of carcinoma cell lines		-1.408		N/A		N/A

		Metastasis of tumor cell lines		-0.692		-0.692		N/A

		Growth of human herpesvirus 1		-1.372		N/A		N/A

		Neoplasia of tumor cell lines		1.131		-0.211		N/A

		Apoptosis of tumor cell lines		-1.076		-0.264		N/A

		Migration of melanoma cell lines		-0.651		-0.651		N/A

		Invasion of tumor cell lines		0.995		0.303		N/A

		Necrosis		-0.967		-0.274		N/A

		Cell viability		0.14		1.068		N/A

		Cell proliferation of tumor cell lines		0.414		-0.793		N/A

		Epithelial-mesenchymal transition of tumor cell lines		1.196		N/A		N/A

		Apoptosis of stomach cancer cell lines		-1.091		N/A		N/A

		Cell proliferation of breast cancer cell lines		0.67		0.4		N/A

		Tubulation of cells		1.067		N/A		N/A

		Differentiation of embryonic cell lines		-1.067		N/A		N/A

		Cell proliferation of cervical cancer cell lines		N/A		1.067		N/A

		Cell movement of breast cancer cell lines		-0.492		-0.574		N/A

		Quantity of tumor cell lines		-1		N/A		N/A

		Cell viability of colorectal cancer cell lines		-1		N/A		N/A

		Cell proliferation of vascular endothelial cells		-1		N/A		N/A

		G1/S phase transition of embryonic cell lines		0.979		-0.014		N/A

		G1/S phase transition of fibroblast cell lines		0.979		-0.014		N/A

		Interphase		0.979		-0.014		N/A

		G1 phase		0.979		-0.014		N/A

		Invasion of cells		0.737		0.251		N/A

		Cell movement		0.736		0.188		N/A

		Cell movement of tumor cell lines		0.706		0.181		N/A

		Migration of lung cancer cell lines		0.849		N/A		N/A

		DNA damage		0.277		-0.555		N/A

		Cell proliferation of melanoma cell lines		-0.069		-0.739		N/A

		Cell viability of tumor cell lines		0.113		0.678		N/A

		Apoptosis of carcinoma cell lines		0.191		0.571		N/A

		Differentiation of embryonic tissue		-0.156		-0.594		N/A

		Growth of Herpesviridae		-0.725		N/A		N/A

		Migration of breast cancer cell lines		0.447		0.277		N/A

		Visceral metastasis		-0.555		-0.152		N/A

		Metastatic solid tumor		-0.555		-0.152		N/A

		Advanced malignant solid tumor		-0.555		-0.152		N/A

		Advanced malignant tumor		0.325		-0.38		N/A

		Metastasis		0.325		-0.38		N/A

		Invasive tumor		0.231		-0.464		N/A

		Proliferation of cancer cells		0.638		N/A		N/A

		Apoptosis of lung cancer cell lines		-0.277		-0.285		N/A

		Invasion of lung cancer cell lines		0.555		N/A		N/A

		Apoptosis of bone cancer cell lines		-0.254		-0.254		N/A

		Colony formation		-0.506		N/A		N/A

		Angiogenesis		0.093		0.4		N/A

		Invasion of carcinoma cell lines		-0.469		N/A		N/A

		Proliferation of endothelial cells		-0.391		N/A		N/A

		Proliferation of prostate cancer cell lines		-0.065		0.252		N/A

		Proliferation of heart cells		0.283		N/A		N/A

		Migration of colorectal cancer cell lines		N/A		-0.278		N/A

		Migration of hepatoma cell lines		-0.095		-0.095		N/A

		Apoptosis of hepatoma cell lines		-0.157		N/A		N/A

		Proliferation of vascular cells		-0.156		N/A		N/A

		Pulmonary metastasis		-0.152		N/A		N/A

		Advanced extracranial solid tumor		-0.152		N/A		N/A

		Migration of carcinoma cell lines		0.142		N/A		N/A

		Cell movement of melanoma cell lines		0.015		N/A		N/A

		Cytotoxic reaction of sarcoma cell lines		N/A		N/A		N/A

		Proliferation of islets of Langerhans		N/A		N/A		N/A

		Apoptosis of pancreatic cancer cell lines		N/A		N/A		N/A

		Arrest in Gap 0-Gap 1 phase of lung cancer cell lines		N/A		N/A		N/A

		Neoplasia of carcinoma cell lines		N/A		N/A		N/A

		Monocytopoiesis		N/A		N/A		N/A

		Proliferation of adventitial fibroblasts		N/A		N/A		N/A

		Congenital myopathy		N/A		N/A		N/A

		Tumorigenesis of liver cancer cells		N/A		N/A		N/A

		Primary central nervous system lymphoma		N/A		N/A		N/A

		Neoplasia of blood cells		N/A		N/A		N/A

		Regeneration of neuromuscular synapse		N/A		N/A		N/A

		Sporadic neurological disorder		N/A		N/A		N/A

		Primary astrocytoma		N/A		N/A		N/A

		Primitive neuroectodermal tumor		N/A		N/A		N/A

		Autophagy of bone marrow cell lines		N/A		N/A		N/A

		Dedifferentiated liposarcoma		N/A		N/A		N/A

		Quantity of filopodia-like projection		N/A		N/A		N/A

		Arrest in G1 phase of lung cancer cell lines		N/A		N/A		N/A

		Contact growth inhibition of leukemia cell lines		N/A		N/A		N/A

		Cell death of TREG cells		N/A		N/A		N/A

		Failure of heart		N/A		N/A		N/A

		Invasive cancer		N/A		N/A		N/A

		Cell viability of melanoma cell lines		N/A		N/A		N/A

		Lymphoreticular neoplasm		N/A		N/A		N/A

		Quantity of erythroblasts		N/A		N/A		N/A

		Benign pelvic disease		N/A		N/A		N/A

		Malignant neoplasm of retroperitoneum		N/A		N/A		N/A

		Innervation of cells		N/A		N/A		N/A

		Early stage invasive cervical squamous cell carcinoma		N/A		N/A		N/A

		Nasal type extranodal NK-/T-cell lymphoma		N/A		N/A		N/A

		Replication of hepatitis B virus		N/A		N/A		N/A

		Induction of lymphatic system cells		N/A		N/A		N/A

		Size of infarct		N/A		N/A		N/A

		Cytokinesis of ventricular myocytes		N/A		N/A		N/A

		Differentiation of polymorphonuclear granulocytic MDSC cells		N/A		N/A		N/A

		Stage I-II cancer		N/A		N/A		N/A

		Chemosensitivity of cancer cells		N/A		N/A		N/A

		Malignant neoplasm of aerodigestive tract		N/A		N/A		N/A

		Arrest in G0/G1 phase transition of ovarian cancer cell lines		N/A		N/A		N/A

		Remodeling of pulmonary vessel		N/A		N/A		N/A

		Cell proliferation of adenocarcinoma cell lines		0		N/A		N/A

		Malignant mesothelioma		N/A		N/A		N/A

		Cirrhosis of liver		N/A		N/A		N/A

		Polycystic Kidney Disease		N/A		N/A		N/A

		Adenoma		N/A		N/A		N/A

		Response of endothelial cell lines		N/A		N/A		N/A

		Re-entry into cell cycle progression of ventricular myocytes		N/A		N/A		N/A

		Slowly progressive idiopathic pulmonary fibrosis		N/A		N/A		N/A

		Phagocytosis by dendritic cells		N/A		N/A		N/A

		Cell proliferation of mesothelioma cell lines		N/A		N/A		N/A

		Induction of polymorphonuclear granulocytic MDSC cells		N/A		N/A		N/A

		Nonobstructive azoospermia		N/A		N/A		N/A

		Idiopathic pulmonary fibrosis		N/A		N/A		N/A

		Primary osteosarcoma		N/A		N/A		N/A

		Induction of bone marrow cells		N/A		N/A		N/A

		Facioscapulohumeral muscular dystrophy		N/A		N/A		N/A

		Viral myocarditis		N/A		N/A		N/A

		Parathyroid carcinoma		N/A		N/A		N/A

		Mobility of squamous cell carcinoma cell lines		N/A		N/A		N/A

		Aggressive chronic lymphocytic leukemia		N/A		N/A		N/A

		Colony formation of stomach cancer cell lines		N/A		N/A		N/A

		DiGeorge syndrome		N/A		N/A		N/A

		Hematopoiesis of phagocytes		N/A		N/A		N/A

		Senescence of vascular endothelial cells		N/A		N/A		N/A

		B cell cancer		N/A		N/A		N/A

		Ischemic cardiomyopathy		N/A		N/A		N/A

		Advanced colorectal adenoma		N/A		N/A		N/A

		Dissemination of melanoma cell lines		N/A		N/A		N/A

		Replication of Hepatitis C virus		N/A		N/A		N/A

		Cecal ligation and puncture-induced sepsis		N/A		N/A		N/A

		Quantity of L-tyrosine		N/A		N/A		N/A

		Atypical hyperplasia		N/A		N/A		N/A

		T-cell non-Hodgkin lymphoma		N/A		N/A		N/A

		Chronic phase pilocarpine-induced status epilepticus		N/A		N/A		N/A

		Cytotoxicity of peripheral blood natural killer cells		N/A		N/A		N/A

		Arrest in cell cycle progression of tumor cell lines		N/A		N/A		N/A

		Cell-cell adhesion of squamous cell carcinoma cell lines		N/A		N/A		N/A

		Angiogenesis of endothelial cell lines		N/A		N/A		N/A

		Progressive neurological disorder		N/A		N/A		N/A

		Arrest in growth of leukocyte cell lines		N/A		N/A		N/A

		Progressive encephalopathy		N/A		N/A		N/A

		Contraction of uterine cell lines		N/A		N/A		N/A

		Proliferation of eye cell lines		N/A		N/A		N/A

		Arrest in G0 phase of tumor cell lines		N/A		N/A		N/A

		Senescence of thyroid tumor cell lines		N/A		N/A		N/A

		Hypertrophy of heart		N/A		N/A		N/A

		Degeneration of neuroblastoma cell lines		N/A		N/A		N/A

		Lymphohematopoietic neoplasia		N/A		N/A		N/A

		Nonfamilial Alzheimer disease		N/A		N/A		N/A

		Inflammation of absolute anatomical region		N/A		N/A		N/A

		Progressive motor neuropathy		N/A		N/A		N/A

		Breast or gynecological cancer		N/A		N/A		N/A

		Recurrent prostate cancer		N/A		N/A		N/A

		Hypopharyngeal squamous cell carcinoma		N/A		N/A		N/A

		Quantity of breast cancer cell lines		N/A		N/A		N/A

		Limb-girdle muscular dystrophy type 2B		N/A		N/A		N/A

		Arrest in interphase of tumor cell lines		N/A		N/A		N/A

		Chemosensitivity of ovarian cancer cell lines		N/A		N/A		N/A

		Connective tissue tumor		N/A		N/A		N/A

		Apoptosis of lung cell lines		N/A		N/A		N/A

		Early symptomatic stage Huntington disease		N/A		N/A		N/A

		Cell viability of stomach cancer cell lines		N/A		N/A		N/A

		Limited cutaneous systemic sclerosis		N/A		N/A		N/A

		Migration of ovarian cancer cell lines		N/A		N/A		N/A

		Survival of vascular endothelial cells		N/A		N/A		N/A

		Primary rhabdomyosarcoma		N/A		N/A		N/A

		Sphere formation of cholangiocarcinoma cell lines		N/A		N/A		N/A

		Arrest in cell cycle progression of melanoma cell lines		N/A		N/A		N/A

		Cell death of colorectal carcinoma cells		N/A		N/A		N/A

		Vascularization of tumor		N/A		N/A		N/A

		Induction of monocytic myeloid derived suppressor cells		N/A		N/A		N/A

		Systemic lupus erythematosus		N/A		N/A		N/A

		Suppression of cells		N/A		N/A		N/A

		Detachment of cancer cells		N/A		N/A		N/A

		Myeloid or lymphoid neoplasm		N/A		N/A		N/A

		Differentiation of colorectal carcinoma cells		N/A		N/A		N/A

		Differentiation of pancreatic cancer cells		N/A		N/A		N/A

		Fibrosis of heart		N/A		N/A		N/A

		Sarcoma		N/A		N/A		N/A

		Self-renewal of breast cancer cell lines		N/A		N/A		N/A

		Arrest in G1 phase of carcinoma cell lines		N/A		N/A		N/A

		Lymphocytic neoplasm		N/A		N/A		N/A

		Epithelial-mesenchymal transition of carcinoma cell lines		N/A		N/A		N/A

		Cell death of acute leukemia cells		N/A		N/A		N/A

		Activation-induced cell death of CD4+ T-lymphocytes		N/A		N/A		N/A

		Stage II colorectal cancer		N/A		N/A		N/A

		Migration of prostate cell lines		N/A		N/A		N/A

		Quantity of ovarian cancer cell lines		N/A		N/A		N/A

		Calcification of vascular smooth muscle cells		N/A		N/A		N/A

		Cell death of bladder cancer cell lines		N/A		N/A		N/A

		Hyperactivation of granulocytes		N/A		N/A		N/A

		Breast or pancreatic cancer		N/A		N/A		N/A

		EPCAM positive tumor		N/A		N/A		N/A

		Multiple Sclerosis		N/A		N/A		N/A

		Inflammation of respiratory system component		N/A		N/A		N/A

		Development of B lymphocytes		N/A		N/A		N/A

		Effector phase of natural killer cells		N/A		N/A		N/A

		Uterine leiomyoma		N/A		N/A		N/A

		Proliferation of bladder cancer cell lines		N/A		N/A		N/A

		Advanced colorectal tumor		N/A		N/A		N/A

		Formation of podosomes		N/A		N/A		N/A

		Sensitivity of colorectal cancer cell lines		N/A		N/A		N/A

		Arrest in G2/M phase of pancreatic cancer cell lines		N/A		N/A		N/A

		Advanced pT stage gastric cancer		N/A		N/A		N/A

		Proliferation of epiphyseal chondrocytes		N/A		N/A		N/A

		Arrest in cell cycle progression of prostate cancer cell lines		N/A		N/A		N/A

		Hematologic cancer		N/A		N/A		N/A

		Familial congenital malformation		N/A		N/A		N/A

		Metastatic colorectal cancer		N/A		N/A		N/A

		Conversion of neurons		N/A		N/A		N/A

		Tumorigenesis of lymphocytes		N/A		N/A		N/A

		Hypertrophy of cardiomyocytes		N/A		N/A		N/A

		Myelodysplastic syndrome or leukemia		N/A		N/A		N/A

		Sensitivity of tumor cells		N/A		N/A		N/A

		Sporadic amyotrophic lateral sclerosis		N/A		N/A		N/A

		Hematological or lymphatic system tumor		N/A		N/A		N/A

		Suppression of colorectal cancer cell lines		N/A		N/A		N/A

		Arrest in G1 phase of pancreatic cancer cell lines		N/A		N/A		N/A

		Severe late-onset preeclampsia		N/A		N/A		N/A

		Arrest in G1 phase of tumor cell lines		N/A		N/A		N/A

		Apoptosis of gastric cancer cells		N/A		N/A		N/A

		Function of GABAergic synapse		N/A		N/A		N/A

		Sporadic psychological disorder		N/A		N/A		N/A

		Size of astrocytes		N/A		N/A		N/A

		Migration of cholangiocarcinoma cell lines		N/A		N/A		N/A

		Epilepsy or neurodevelopmental disorder		N/A		N/A		N/A

		Arrest in cell cycle progression		N/A		N/A		N/A

		Lymphoid cancer		N/A		N/A		N/A

		Quantity of CD56bright natural killer cells		N/A		N/A		N/A

		Primary neuroectodermal tumor		N/A		N/A		N/A

		Progressive muscular dystrophy		N/A		N/A		N/A

		Breast cancer		N/A		N/A		N/A

		Formation of hair shaft		N/A		N/A		N/A

		Responsiveness of natural killer cells		N/A		N/A		N/A

		Embryonal tumor		N/A		N/A		N/A

		Suppressive capacity of monocytic myeloid derived suppressor cells		N/A		N/A		N/A

		Differentiation of mammary tumor cells		N/A		N/A		N/A

		Extraadrenal retroperitoneal tumor		N/A		N/A		N/A

		Tumorigenesis of lung cancer cells		N/A		N/A		N/A

		Interstitial lung disease		N/A		N/A		N/A

		Senescence of tumor cell lines		0		N/A		N/A

		Tumorigenesis of cholangiocarcinoma cell lines		N/A		N/A		N/A

		Arrest in cell cycle progression of cancer cells		N/A		N/A		N/A

		Primary central nervous system tumor		N/A		N/A		N/A

		Epithelial-mesenchymal transition of endometrial cancer cell lines		N/A		N/A		N/A

		Chemotaxis of melanoma cell lines		N/A		N/A		N/A

		Chemotherapy resistance of colorectal cancer cell lines		N/A		N/A		N/A

		Cell death of beta islet cells		N/A		N/A		N/A

		Activation of colorectal cancer cell lines		N/A		N/A		N/A

		Release of hydrogen peroxide		N/A		N/A		N/A

		Proliferation of cholangiocarcinoma cell lines		N/A		N/A		N/A

		Rapidly progressive idiopathic pulmonary fibrosis		N/A		N/A		N/A

		Cell viability of heart cells		N/A		N/A		N/A

		Granulopoiesis of granulocyte progenitors		N/A		N/A		N/A

		Dedifferentiation of induced pluripotent stem cells		N/A		N/A		N/A

		Production of B lymphocytes		N/A		N/A		N/A

		Rheumatic Disease		N/A		N/A		N/A

		Activation of GM-CSF-dependent bone marrow-derived macrophage		N/A		N/A		N/A

		Papillary thyroid carcinoma		N/A		N/A		N/A

		B-cell leukemia		N/A		N/A		N/A

		Quantity of pancreatic cancer cell lines		N/A		N/A		N/A

		Cytolysis of melanoma cell lines		N/A		N/A		N/A

		Primary melanoma		N/A		N/A		N/A

		Size of smooth muscle cells		N/A		N/A		N/A

		Epithelial-mesenchymal transition of pancreatic cancer cell lines		N/A		N/A		N/A

		Differentiation of monocytic myeloid derived suppressor cells		N/A		N/A		N/A

		Arrest in proliferation of cells		N/A		N/A		N/A

		Pancreatic tumor		N/A		N/A		N/A

		Induction of follicular T helper precursor cells		N/A		N/A		N/A

		Arrhythmogenesis		N/A		N/A		N/A

		Alzheimer disease		N/A		N/A		N/A

		Diameter of myofiber		N/A		N/A		N/A

		Apoptosis of heart cells		N/A		N/A		N/A

		Lung metastasis of tumor cell lines		N/A		N/A		N/A

		Efferocytosis of thymocytes		N/A		N/A		N/A

		Migration of stomach cancer cell lines		N/A		N/A		N/A

		Chronic hepatitis B		N/A		N/A		N/A

		Systemic sclerosis		N/A		N/A		N/A

		Colorectal adenoma		N/A		N/A		N/A

		Lymphocytic cancer		N/A		N/A		N/A

		Repression of mRNA		N/A		N/A		N/A

		Volume of lesion		N/A		N/A		N/A

		Migration of adventitial fibroblasts		N/A		N/A		N/A

		Endometriosis		N/A		N/A		N/A

		Transformation of breast cell lines		N/A		0		N/A

		Differentiation of basophils		N/A		N/A		N/A

		Expansion of breast cancer cell lines		N/A		N/A		N/A

		Lymphocytic leukemia		N/A		N/A		N/A

		Upper aero-digestive squamous cell carcinoma		N/A		N/A		N/A

		Primary sarcoma		N/A		N/A		N/A

		Anaplastic astrocytoma		N/A		N/A		N/A

		Enlargement of heart		N/A		N/A		N/A

		Migration of neuroblastoma cell lines		N/A		N/A		N/A

		Apoptosis of liposarcoma cell lines		N/A		N/A		N/A

		Relapsing-remitting multiple sclerosis		N/A		N/A		N/A

		Formation of fibrillar adhesions		N/A		N/A		N/A

		Metastasis of 4TO7 cells		N/A		N/A		N/A

		Lung squamous cell carcinoma		N/A		N/A		N/A

		Advanced lung cancer		N/A		N/A		N/A

		Arrest in cell cycle progression of pancreatic cancer cell lines		N/A		N/A		N/A

		Primary myelofibrosis		N/A		N/A		N/A

		Kainic acid-induced epileptic seizure		N/A		N/A		N/A

		Progesterone receptor positive breast carcinoma		N/A		N/A		N/A

		Quantity of mushroom spine		N/A		N/A		N/A

		Plasticity of collateral synapses		N/A		N/A		N/A

		Corticotrophic adenoma		N/A		N/A		N/A

		Bone marrow neoplasm		N/A		N/A		N/A

		Morphology of muscle cells		N/A		N/A		N/A

		Progressive neuromuscular disease		N/A		N/A		N/A

		Epilepsy		N/A		N/A		N/A

		Quantity of muscle cell lines		N/A		N/A		N/A

		Chronic lymphocytic leukemia		N/A		N/A		N/A

		Migration of duct cancer cell lines		N/A		N/A		N/A

		Morphology of bladder cancer cell lines		N/A		N/A		N/A

		Polarization of macrophages		N/A		N/A		N/A

		Autophagy of leukocyte cell lines		N/A		N/A		N/A

		Proliferation of acute myeloid leukemia blast cells		N/A		N/A		N/A

		Advanced malignant gastrointestinal neoplasm		N/A		N/A		N/A

		Hematologic cancer of cells		N/A		N/A		N/A

		Chronic inflammatory disorder		N/A		N/A		N/A

		Damage of vascular lesion		N/A		N/A		N/A

		Esophageal squamous cell carcinoma		N/A		N/A		N/A

		Cell death of myoblasts		N/A		N/A		N/A

		Regeneration of heart		N/A		N/A		N/A

		Chronic epilepsy		N/A		N/A		N/A

		Accumulation of doxorubicin		N/A		N/A		N/A

		Remodeling of heart		N/A		N/A		N/A

		Autophagy of rhabdomyosarcoma cell lines		N/A		N/A		N/A

		Differentiation of embryonic stem cell lines		N/A		N/A		N/A

		Nemaline myopathy		N/A		N/A		N/A

		Cell death of liver cancer cells		N/A		N/A		N/A

		Mature T-cell neoplasm		N/A		N/A		N/A

		Transition of pre-pro-B lymphocytes		N/A		N/A		N/A

		Genitourinary tumor		N/A		N/A		N/A

		Activation of pulmonary fibroblasts		N/A		N/A		N/A

		Phagocytic capacity of GM-CSF-dependent bone marrow-derived macrophage		N/A		N/A		N/A

		Neuromuscular disease with neuropathy		N/A		N/A		N/A

		Autophagy of bone marrow-derived macrophages		N/A		N/A		N/A

		Glioblastoma		N/A		N/A		N/A

		Diabetes mellitus		N/A		N/A		N/A

		Morphology of tumor cell lines		N/A		N/A		N/A

		Tumorigenesis of stomach cancer cell lines		N/A		N/A		N/A

		Apoptosis of glioblastoma cells		N/A		N/A		N/A

		Replication of Vesicular stomatitis Indiana virus		N/A		N/A		N/A

		Proliferation of liposarcoma cell lines		N/A		N/A		N/A

		Migration of microvascular endothelial cells		N/A		N/A		N/A

		Cell viability of eye cell lines		N/A		N/A		N/A

		Extrapulmonary squamous cell carcinoma		N/A		N/A		N/A

		Nonalcoholic fatty liver disease		N/A		N/A		N/A

		Proliferation of ovarian surface epithelial cells		N/A		N/A		N/A

		Ovarian endometriosis		N/A		N/A		N/A

		Differentiation of proerythroblasts		N/A		N/A		N/A

		Morphology of prostate cancer cell lines		N/A		N/A		N/A

		Chordoma		N/A		N/A		N/A

		Arrest in G1 phase of colorectal cancer cell lines		N/A		N/A		N/A

		Recurrent cancer		N/A		N/A		N/A

		Efferocytosis by alveolar macrophages		N/A		N/A		N/A

		Cytotoxic reaction of bone cancer cell lines		N/A		N/A		N/A

		Arrest in G0/G1 phase transition of tumor cell lines		N/A		N/A		N/A

		Autophagy of cancer cells		N/A		N/A		N/A

		Amyotrophic lateral sclerosis		N/A		N/A		N/A

		Tubulation by prostate cell lines		N/A		N/A		N/A

		Differentiation of adipose mesenchymal stem cells		N/A		N/A		N/A

		Quantity of skin cancer cell lines		N/A		N/A		N/A

		Cervical squamous cell carcinoma		N/A		N/A		N/A

		Lymphohematopoietic cancer		N/A		N/A		N/A

		Cell death of colon carcinoma cells		N/A		N/A		N/A

		Transport of melanosomes		N/A		N/A		N/A

		Chromosomal aberration		N/A		N/A		N/A

		Volume of infarct		N/A		N/A		N/A

		Arrest in Gap 0-Gap 1 phase of epithelial cell lines		N/A		N/A		N/A

		Secondary neoplasm of digestive system		N/A		N/A		N/A

		Chronic phase kainic acid-induced epileptic seizure		N/A		N/A		N/A

		Cytolysis of carcinoma cell lines		N/A		N/A		N/A

		Primary solid tumor		N/A		N/A		N/A

		Cytolysis of lung cancer cell lines		N/A		N/A		N/A

		Arrest in cell cycle progression of hepatoma cell lines		N/A		N/A		N/A

		Proliferation of neuroblastoma cells		N/A		N/A		N/A

		Apoptosis of mesothelioma cell lines		N/A		N/A		N/A

		Breast or colorectal cancer		N/A		N/A		N/A

		Vasculogenic mimicry		N/A		N/A		N/A

		Inflammation of body cavity		N/A		N/A		N/A

		Primary tumor		N/A		N/A		N/A

		Arrest in G1 phase of bladder cancer cell lines		N/A		N/A		N/A

		Soft tissue sarcoma		N/A		N/A		N/A

		Apoptosis of lymphoma cell lines		N/A		N/A		N/A

		Experimentally-induced hepatic fibrosis		N/A		N/A		N/A

		Cell viability of adenocarcinoma cell lines		N/A		N/A		N/A

		Release of exosomes		N/A		N/A		N/A

		Visceromegaly of heart		N/A		N/A		N/A

		Arrest in G1 phase		N/A		N/A		N/A

		Elongation of breast cancer cell lines		N/A		N/A		N/A

		Mesenchymal glioblastoma multiforme		N/A		N/A		N/A

		Coronary artery disease		N/A		N/A		N/A

		Non-Hodgkin lymphoma		N/A		N/A		N/A

		Proliferation of carcinoma cells		N/A		N/A		N/A

		Infection of monocyte-derived dendritic cells		N/A		N/A		N/A

		Neuromuscular disease		N/A		N/A		N/A

		Efficacy of 5-fluorouracil		N/A		N/A		N/A

		Early stage solid tumor		N/A		N/A		N/A

		Thickening of interalveolar septa		N/A		N/A		N/A

		Formation of neuromuscular junctions		N/A		N/A		N/A

		Class II lupus nephritis		N/A		N/A		N/A

		Fibrosis of liver		N/A		N/A		N/A

		Epithelial-mesenchymal transition of lung cancer cell lines		N/A		N/A		N/A

		Delay in initiation of replicative senescence of lung cell lines		N/A		N/A		N/A

		Proliferation of cardiac fibroblasts		N/A		N/A		N/A

		Migration of bladder cancer cell lines		N/A		N/A		N/A

		M1 polarization of M2 macrophages		N/A		N/A		N/A

		Intrinsic cardiomyopathy		N/A		N/A		N/A

		Cell viability of colorectal carcinoma cells		N/A		N/A		N/A

		Arrest in Gap 0-Gap 1 phase of tumor cell lines		N/A		N/A		N/A

		Contractility of lung cell lines		N/A		N/A		N/A

		Quantity of cortical neurons		N/A		N/A		N/A

		Differentiation of mesenchymal stem cells		N/A		N/A		N/A

		Metastatic melanoma		N/A		N/A		N/A

		Survival of colon carcinoma cells		N/A		N/A		N/A

		Sphere formation of duct cancer cell lines		N/A		N/A		N/A

		Transition of pro-B lymphocytes		N/A		N/A		N/A

		Cytotoxic reaction of cancer cells		N/A		N/A		N/A

		Apoptosis of acute myeloid leukemia blast cells		N/A		N/A		N/A

		Arrest in cell cycle progression of gastric cancer cells		N/A		N/A		N/A

		Stenosis of aorta		N/A		N/A		N/A

		Squamous-cell carcinoma		N/A		N/A		N/A

		Polymyositis		N/A		N/A		N/A

		Cell spreading of prostate cell lines		N/A		N/A		N/A

		Diffuse cutaneous systemic sclerosis		N/A		N/A		N/A

		Invasive carcinoma		N/A		N/A		N/A

		Disarray of muscle cells		N/A		N/A		N/A

		Reperfusion injury of heart		N/A		N/A		N/A

		Autophagy of muscle		N/A		N/A		N/A

		Psoriasis		N/A		N/A		N/A

		Androgenic alopecia		N/A		N/A		N/A

		Quantity of squamous cell carcinoma cell lines		N/A		N/A		N/A

		Activation of myeloid-derived suppressor cells		N/A		N/A		N/A

		Stage I-III colorectal cancer		N/A		N/A		N/A

		Cell viability of tumor cells		N/A		N/A		N/A

		Fear memory acquisition		N/A		N/A		N/A

		Severe asthma		N/A		N/A		N/A

		Pigmentation of melanocytes		N/A		N/A		N/A

		Liquid tumor		N/A		N/A		N/A

		Tumorigenesis of rhabdomyosarcoma cell lines		N/A		N/A		N/A

		Esophageal cancer		N/A		N/A		N/A

		Apoptosis of adenocarcinoma cell lines		N/A		N/A		N/A

		Apoptosis of leukemia cells		N/A		N/A		N/A

		Hypertrophic cardiomyopathy		N/A		N/A		N/A

		Apoptosis of neuroblastoma cells		N/A		N/A		N/A

		Clonogenicity of prostate cancer cell lines		N/A		N/A		N/A

		Myelodysplastic syndrome with isolated del(5q)		N/A		N/A		N/A

		Acute myocardial infarction		N/A		N/A		N/A

		Deadenylation of mRNA		N/A		N/A		N/A

		Ischemia of heart		N/A		N/A		N/A

		Closure of scratch lesion		N/A		N/A		N/A

		Quantity of ventricular myocytes		N/A		N/A		N/A

		Proliferation of bone marrow cell lines		N/A		N/A		N/A

		Dilated cardiomyopathy		N/A		N/A		N/A

		Arrest in G0 phase		N/A		N/A		N/A

		Apoptosis of thyroid tumor cell lines		N/A		N/A		N/A

		Upper aerodigestive tract carcinoma		N/A		N/A		N/A

		Arrest in interphase		N/A		N/A		N/A

		Colony formation of cholangiocarcinoma cell lines		N/A		N/A		N/A

		Cell viability of pancreatic cancer cell lines		N/A		N/A		N/A

		Limb-girdle muscular dystrophy type 2A		N/A		N/A		N/A

		Differentiation of granulocyte progenitors		N/A		N/A		N/A

		Idiopathic fibrosis		N/A		N/A		N/A

		Mammary tumor		N/A		N/A		N/A

		Morphology of ovarian cancer cell lines		N/A		N/A		N/A

		Autophagy of leukemia cell lines		N/A		N/A		N/A

		Apoptosis of colorectal carcinoma cells		N/A		N/A		N/A

		Arrest in growth of breast cancer cell lines		N/A		N/A		N/A

		Benign solid tumor		N/A		N/A		N/A

		Ovulation of ovary		N/A		N/A		N/A

		Liposarcoma		N/A		N/A		N/A

		LMNA-related congenital muscular dystrophy		N/A		N/A		N/A

		Senescence of prostate cancer cell lines		N/A		N/A		N/A

		Hyperglycemia		N/A		N/A		N/A

		Neointimal lesion		N/A		N/A		N/A

		Differentiation of myeloid dendritic cells		N/A		N/A		N/A

		Entry into cell cycle progression of cortical neurons		N/A		N/A		N/A

		Non-insulin-dependent diabetes mellitus		N/A		N/A		N/A

		Stage I colorectal cancer		N/A		N/A		N/A

		Apoptosis of B cell acute lymphoblastic leukemia cells		N/A		N/A		N/A

		Area of myofiber		N/A		N/A		N/A

		Vasoconstriction of aorta		N/A		N/A		N/A

		Medulloblastoma		N/A		N/A		N/A

		Advanced Dukes' stage colorectal cancer		N/A		N/A		N/A

		Advanced pT stage colorectal cancer		N/A		N/A		N/A

		Tumorigenesis of hepatoma cell lines		N/A		N/A		N/A

		Occlusion of artery		N/A		N/A		N/A

		Size of muscle cells		N/A		N/A		N/A

		Dedifferentiation of fibroblast cell lines		N/A		N/A		N/A

		Differentiation of HCASMC cells		N/A		N/A		N/A

		Dedifferentiation of embryonic cell lines		N/A		N/A		N/A

		Dystrophy of muscle		N/A		N/A		N/A

		Severe pneumonia		N/A		N/A		N/A

		Disorganization of cardiomyocytes		N/A		N/A		N/A

		Proliferation of lung adenocarcinoma cells		N/A		N/A		N/A

		Auditory fear memory retrieval		N/A		N/A		N/A

		Hepatocellular carcinoma		N/A		N/A		N/A

		Abnormality of skin morphology		N/A		N/A		N/A

		Cell death of lung cancer cells		N/A		N/A		N/A

		Spindle cell carcinoma		N/A		N/A		N/A

		Invasion of melanoma cell lines		N/A		N/A		N/A

		Differentiation of acute myeloid leukemia blast cells		N/A		N/A		N/A

		Induction of mononuclear leukocytes		N/A		N/A		N/A

		Esophageal carcinoma		N/A		N/A		N/A

		Richter syndrome		N/A		N/A		N/A

		Neoplasia of tumor cells		N/A		N/A		N/A

		Growth of Human cytomegalovirus		N/A		N/A		N/A

		Experimental autoimmune encephalomyelitis		N/A		N/A		N/A

		Lymphoma		N/A		N/A		N/A

		Neoplasia of colorectal cancer cell lines		N/A		N/A		N/A

		Mature lymphocytic neoplasm		N/A		N/A		N/A

		Differentiation of tooth cell lines		N/A		N/A		N/A

		Invasive ductal breast carcinoma		N/A		N/A		N/A

		Severe psychological disorder		N/A		N/A		N/A

		Cell viability of microvascular endothelial cells		N/A		N/A		N/A

		Colorectal cancer		N/A		N/A		N/A

		Miyoshi myopathy		N/A		N/A		N/A

		Pharyngeal carcinoma		N/A		N/A		N/A

		Preeclampsia		N/A		N/A		N/A

		Maturation of monocytes		N/A		N/A		N/A

		Phagocytosis by macrophages		N/A		N/A		N/A

		Invasion of colorectal carcinoma cells		N/A		N/A		N/A

		Maturation of fibroblast cell lines		N/A		N/A		N/A

		Pancreatic cancer		N/A		N/A		N/A

		Tubulation of induced pluripotent stem cells		N/A		N/A		N/A

		Maturation of chondrocyte cell lines		N/A		N/A		N/A

		Muscular hypertrophy		N/A		N/A		N/A

		Colony formation of bladder cancer cell lines		N/A		N/A		N/A

		Sensitivity of colorectal carcinoma cells		N/A		N/A		N/A

		Inflammation of organ		N/A		N/A		N/A

		Arteriosclerosis of the extremities		N/A		N/A		N/A

		Recurrent ovarian cancer		N/A		N/A		N/A

		Systemic autoimmune syndrome		N/A		N/A		N/A

		Arrest in development of double-negative T lymphocyte		N/A		N/A		N/A

		Pituitary ACTH hypersecretion		N/A		N/A		N/A

		Onset of formation of B-cell lymphoma		N/A		N/A		N/A

		Contact growth inhibition of tumor cell lines		N/A		N/A		N/A

		Metastasis of mammary tumor cells		N/A		N/A		N/A

		Schizophrenia		N/A		N/A		N/A

		Myeloid neoplasm		N/A		N/A		N/A

		Infarction		N/A		N/A		N/A
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miRNA and mRNA integrative analysis 

Callus tissue of Surgery mice had 
maximum number of mRNA & miRNA 
in different networks followed by quad 
of sham mice and callus of sham mice
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Presentation Notes
The callus-Surgery group also had maximum number of miRNA and mRNA involved in each of these pathways followed by callus -FLT group and Quad-FLT groups in the study. 



miRNA/mRNA/protein integrative analysis 
Microgravity effects on callus

Imbalance of homeostatic functions 
cell death, cell number, cell migration,
immune response, and 
gene expression changes.



miRNA/mRNA/protein integrative analysis 
Microgravity effects on Quad
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Summary
• Adverse effects of spaceflight on musculoskeletal health 

 Spaceflight induced stress negatively impacted bone healing
 Muscle mass was reduced in healthy/ sham mice in spaceflight

• Muscle (mRNA) : Inhibited protein synthesis and inflammation and elevated energy 
deficiency and metabolism dysfunction

• Bone (mRNA) Bone defect in space showed significantly higher adverse impact and 
met enhanced apoptosis and inhibited cellular migration/ immune response

• miRNA data: Callus and quad tissue have distinct miRNA profiles. Surgery had a 
greater impact on callus tissue as compared to quad tissue.

• miRNA data: Surgery as well as Flight plus surgery altered cell synthesis pathways, 
apoptosis, cell migration pathways in the tissues. 
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Summary
• miRNA:mRNA data :However, flight effect on surgery were much greater as 

observed by number of miRNA and mRNA in each of the networks. 

• miRNA:mRNA data: Strongly validated the results from mRNA data where 
Apoptosis, quantity of cells, necrosis pathways are shown to be impacted. 

• miRNA:mRNA data: Integrating the data revealed the networks altered due to 
flight as miRNA data by itself did not show major impact on changes in 
networks

• miRNA:mRNA: protein data: Microgravity perturbed cell homeostasis functions 
bone tissues 
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Presenter
Presentation Notes
Muscle showed delayed adaptation to spaceflight in comparison to boneChronic unloading delayed the process of bone healingSpaceflight triggered un-programmed cell death networks in those cells, which are tasked to create new bonesBone cell proliferation was delayed in space; additional attribute that can challenge bone healing in spaceflight
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