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Pooled Human BM-MSCs and Hyaluronic Acid Restore Disc Matrix Homeostasis and Histological Architecture in a Rat Disc Degeneration Model of Lower Back Pain


Fig. 1. Trilineage differentiation assay.
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Fig. 1 Represents differentiation assay of (a) Adipocyte, (b) Osteocyte, and (c) Chondrocyte cells post-expansion and cryopreservation.










Fig. 2. Footprint analysis week (1-12).
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Fig. 2 Analysis of gait behavior and motor coordination at weeks 1, 4, 6, 8, 10, and 12 in all the experimental groups.


Fig. 3. Assessment of nontoxic effects of Stempeucel® in experimental group.
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Fig. 3 Histopathological analysis (H&E staining) of the heart, lung, liver, kidney, spleen, ovary, brain, spinal cord and injection site (intervertebral disc) among the groups on 1, 2, and 4 weeks. Scale bars: 50 μm, (n=6).
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Pooled Human BM-MSCs and Hyaluronic Acid Restore Disc Matrix Homeostasis and Histological Architecture in a Rat Disc Degeneration Model of Lower Back Pain

Table S1: Cell concentration and viability.
	Concentration
	Viable Cell Count
	Viability

	5M Cells/mL 
	5.88 million 
	94.00%

	10M Cells/mL 
	10.9 million 
	93.10%

	15M Cells/mL 
	13.7 million 
	94.50%




Table S2: Expression of MSC-specific cell surface markers.
	CD marker
	% expression

	CD73
	100.00%

	CD90
	99.97%

	CD105
	100.00%

	CD34
	0.03%

	CD45
	1.39%










Table S3: Groups and animal distribution for main study.
	S. No.
	Groups
	Description

	1.
	Sham 
	Rats undergo all surgical preparations without the actual needle puncture

	2.
	Needle puncture 
	Needle puncture at the lumbar IVD using a 22-gauge needle

	3.
	Hyaluronic acid
	Needle puncture rats were treated with an injection of HA into the affected disc

	4.
	5 M hBM-MSC 
	Needle puncture rats were treated with an injection of HA and 5 million hBM-MSCs into the affected disc 

	5.
	10 M hBM-MSC 
	Needle puncture rats were treated with an injection of HA and 10 million hBM-MSCs into the affected disc

	6.
	15M hBM-MSC 
	Needle puncture rats were treated with an injection of HA and 15 million hBM-MSCs into the affected disc

	Total number of animals - 58



Table S4: Cell Concentration Calculation.
	Human Dose
	5M
	10M
	15M

	Million/kg (For 60 kg human)
	0.083
	0.167
	0.250

	Rat conversion (6.2) Million/kg
	0.52
	1.03
	1.55

	for 400g Rat
	0.21
	0.41
	0.62



Note: The cells concentration for each cell dose was suspended in 5 L; hence, a suspension of 41.3, 82.7, and 124.0 million cells/ml were made for HED of 5, 10, & 15 million cells. From these, 5 L was taken, which is equivalent to each dose group. 
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Table S5: Effect of pooled hBM-MSCs on body weight.
	Mean (± SEM) Body Weight Values (N=6/group)

	Groups
	Day 0
	Day 3
	Day 7
	Day11
	Day 14
	Day 21
	Day 28
	Day 42
	Day 56
	Day 70
	Day 84

	Sham
	323.83 ±12.11
	322.02 ±10.99
	323.03 ±12.14
	344.50 ±10.99
	354.83 ±10.38
	379.83 ±11.93
	377.17 ±10.85
	421.80 ±17.67
	436.80 ±18.77
	456.40 ±20.67
	484.60 ±21.56

	Needle Puncture
	326.67 ±7.88
	312.43 ±9.94
	312.50 ±14.04
	312.00 ±17.07
	314.00 ±18.90
	322.00 ±23.92
	320.83 ±22.85
	359.50 ±15.50
	371.50 ±18.05
	395.83 ±23.72
	428.33 ±23.50

	HA
	330.33 ±23.26
	328.83 ±23.23
	324.33 ±24.34
	307.83 ±18.24
	312.17 ±20.20
	326.00 ±23.95
	323.50 ±23.19
	364.67 ±26.84
	367.17 ±28.28
	382.17 ±31.98
	399.67 ±34.31

	5 M hBM-MSCs
	353.33 ±17.15
	336.33 ±17.57
	338.83 ±24.83
	345.67 ±25.34
	331.00 ±28.48
	324.00 ±28.50
	322.67 ±28.88
	367.00 ±37.64
	376.33 ±38.53
	390.83 ±41.85
	410.67 ±42.58

	10 M hBM-MSCs
	330.33 ±7.71
	322.63 ±6.87
	340.83 ±8.86
	341.67 ±10.02
	355.00 ±13.40
	366.17 ±17.11
	359.83 ±17.60
	397.67 ±20.82
	403.17 ±21.21
	424.33 ±24.63
	451.50 ±28.55

	15 M hBM-MSCs
	329.90 ±21.31
	307.82 ±21.92
	334.33 ±24.50
	337.33 ±24.81
	339.50 ±24.48
	358.33 ±29.73
	358.67 ±27.84
	381.67 ±34.04
	383.83 ±36.20
	393.67 ±38.73
	402.67 ±42.88




Table S6: Effect of pooled hBM-MSCs on pain using thermal hyperalgesia (Tail Flick).

	Mean (± SEM) Tail Flick Values (N=6/group)

	Groups
	Week 1
	Week 2
	Week 3
	Week 4
	Week 6
	Week 8
	Week 10
	Week 12

	Sham
	4.81 ± 0.52
	4.68± 0.22
	5.34 ±0.46
	5.32 ±0.47
	4.81 ±0.22
	4.78 ±0.28
	4.72 ±0.17
	5.22 ±0.35

	Needle Puncture
	5.49 ± 0.28
	5.91 ±0.43
	5.78 ±0.47
	5.75 ±0.42
	4.74 ±0.34
	3.71 ±0.12
	4.73 ±0.31
	4.53 ±0.34

	HA
	6.21 ± 0.40
	4.95 ±0.35
	5.22 ±0.30
	4.92 ±0.24
	3.96 ±0.31
	3.79 ±0.39
	3.97 ±0.30
	4.83 ±0.32

	5 M hBM-MSCs
	4.99 ± 0.28
	4.33 ±0.18
	5.06 ±0.15
	5.00 ±0.22
	4.40 ±0.19
	4.27 ±0.41
	5.02 ±0.25
	5.16 ±0.28

	10 M hBM-MSCs
	5.77 ± 0.87
	4.85 ±0.57
	5.09 ±0.33
	5.10 ±0.53
	5.17 ±0.86
	4.29 ±0.41
	4.94 ±0.18
	5.06 ±0.48

	15 M hBM-MSCs
	5.50 ± 1.11
	5.66 ±0.60
	4.87 ±0.37
	4.94 ±0.57
	5.44 ±0.23
	4.58 ±0.25
	4.83 ±0.16
	5.63 ±0.37



Table S7: Effect of pooled hBM-MSCs on allodynia (von Frey).
	Mean (± SEM) Von Frey Values (N=6/group)

	Groups
	Week 1
	Week 2
	Week 3
	Week 4
	Week 6
	Week 8
	Week 10
	Week 12

	Sham
	5.67 ±0.31
	5.00 ±0.50
	5.00 ±0.43
	5.00 ±0.43
	6.50 ±0.63
	8.50 ±0.84
	7.70 ±0.66
	7.30 ±1.16

	Needle Puncture
	6.33 ±0.70
	4.50 ±0.45
	4.83 ±0.56
	4.83 ±0.71
	3.33 ±0.60
	6.00 ±0.22
	5.33 ±0.40
	6.67 ±0.79

	HA
	8.17 ±0.88
	7.50 ±0.52
	5.33 ±0.60
	4.33 ±0.48
	6.00 ±0.62
	6.17 ±0.56
	7.00 ±0.89
	7.17 ±0.67

	5 M hBM-MSCs
	6.57 ±1.16
	6.33 ±0.79
	5.67 ±0.70
	5.67 ±0.70
	5.17 ±0.49
	6.00 ±0.22
	5.83 ±0.95
	5.67 ±0.48

	10 M hBM-MSCs
	7.50 ±0.73
	5.00 ±0.62
	5.83 ±0.80
	6.00 ±0.62
	5.50 ±0.37
	3.83 ±1.12
	7.00 ±0.67
	6.50 ±0.58

	15 M hBM-MSCs
	6.50 ±1.00
	5.50 ±0.73
	5.83 ±0.42
	4.83 ±0.71
	6.17 ±0.80
	6.00 ±0.56
	5.50 ±0.45
	6.50 ±1.32








Table S8: Effect of pooled hBM-MSCs on mechanical hyperalgesia (Pinch Meter).

	Left Paw
	Mean (± SEM) Pinch Meter Values (N=6/group)

	Groups
	Week 1
	Week 2
	Week 3
	Week 4
	Week 6
	Week 8
	Week 10
	Week 12

	Sham
	195.05 ±7.92
	191.06 ±8.40
	197.17 ±5.85
	221.36 ±7.01
	213.53 ±5.72
	226.50 ±4.75
	238.90 ±7.86
	235.60 ±6.28

	Needle Puncture
	167.87 ±3.68
	185.80 ±21.40
	184.25 ±8.55
	180.08 ±5.22
	170.83 ±14.80
	151.75 ±13.09
	137.33 ±5.56
	138.00 ±5.97

	HA
	199.28 ±8.64
	197.36 ±5.15
	191.00 ±16.45
	163.81 ±9.42
	162.94 ±19.45
	149.17 ±3.76
	149.42 ±4.04
	143.42 ±2.96

	5 M hBM-MSCs
	180.36 ±3.50
	189.44 ±12.01
	186.67 ±8.40
	215.50 ±6.64
	180.31 ±10.77
	192.75 ±12.87
	185.92 ±7.40
	195.92 ±5.00

	10 M hBM-MSCs
	160.11 ±12.17
	169.94 ±7.76
	191.33 ±12.02
	198.17 ±1.49
	177.42 ±18.08
	195.50 ±10.67
	179.67 ±5.41
	214.67 ±14.69

	15 M hBM-MSCs
	173.94 ±5.71
	161.78 ±7.34
	206.08 ±8.31
	221.33 ±11.75
	213.25 ±6.03
	220.83 ±7.81
	213.08 ±9.57
	239.17 ±5.89



Table S9: Effect of pooled hBM-MSCs on mechanical hyperalgesia (Pinch Meter).

	Right Paw
	Mean (± SEM) Pinch Meter Values (N=6/group)

	Groups
	Week 1
	Week 2
	Week 3
	Week 4
	Week 6
	Week 8
	Week 10
	Week 12

	Sham
	199.21 ±7.67
	191.11 ±7.22
	204.75 ±9.75
	223.75 ±4.33
	207.05 ±6.84
	234.20 ±3.54
	232.50 ±9.16
	240.30 ±3.20

	Needle Puncture
	183.33 ±11.85
	196.40 ±21.23
	153.75 ±7.56
	141.75 ±2.81
	151.56 ±12.92
	134.53 ±5.91
	139.83 ±2.60
	136.58 ±3.10

	HA
	192.67 ±11.34
	191.72 ±12.59
	197.50 ±15.07
	174.39 ±11.51
	161.17 ±16.10
	142.17 ±3.49
	148.58 ±6.27
	144.00 ±2.80

	5 M hBM-MSCs
	182.21 ±9.44
	178.78 ±8.35
	204.67 ±10.35
	184.00 ±4.40
	191.33 ±15.81
	183.33 ±6.69
	176.42 ±5.12
	170.42 ±3.22

	10 M hBM-MSCs
	175.94 ±11.51
	164.72 ±10.37
	193.92 ±10.62
	182.50 ±7.66
	184.83 ±13.21
	174.58 ±11.72
	186.33 ±7.26
	216.58 ±9.47

	15 M hBM-MSCs
	180.44 ±3.97
	165.97 ±8.71
	206.67 ±10.26
	191.83 ±9.71
	219.58 ±6.39
	226.92 ±4.37
	212.83 ±6.14
	240.00 ±5.97



Table S10: List of primary antibodies used in Immunohistochemistry.
	S. No.
	Primary Antibody (dilution)
	Catalogue No. 

	1
	Anti- Collagen I antibody (1:1000) 
	MA1-26771, Thermo Fischer Scientific, USA

	2
	Anti- Collagen II antibody (1:500)
	PA599159, Thermo Fischer Scientific, USA

	3
	Anti- ACAN antibody (1:500)
	MA316888, Thermo Fischer Scientific, USA

	4
	Anti- SOX9 antibody (1:500)
	PA5-81966, Thermo Fischer Scientific, USA

	5
	Anti- TSK antibody (1:100)
	HPA008164, Invitrogen, USA

	6
	Anti- HuNu antibody (1:100)
	MA5-33098, Thermo Fischer Scientific, USA











Table S11: List of secondary antibodies used in Immunohistochemistry.
	S. No.
	Secondary Antibody (dilution)
	Catalogue No. 

	1
	Goat Anti- Rabbit IgG H&L Alexa Fluor 647 (1:1000)
	ab150079, Abcam, UK

	2
	Goat Anti- Mouse IgG H&L Alexa Fluor 488 (1:1000)
	ab150113, Abcam, UK
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