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METHODS
Establishment of Primary Culture Technique in Lymphatic Smooth Muscle Cells (LSMCs)
Four Male Wistar rats (weighing 280~320 g) were anesthetized using inhalation with 3% isoflurane and intraperitoneal injection with 1% pentobarbital sodium.  Under anesthetic conditions, rats were sacrificed by cervical dislocation and soaked with 75% alcohol for 2-3 minutes. Rats were fixed on the operating table and then the thoracic duct was collected after thoracotomy and placed in cold physiological salt solution (PSS) (Supplementary Figure 1A). In a sterile environment, the thoracic duct was washed with cold PSS for 2-3 times, and then fixed on a petri dish contained cold PSS. The excess fat around the thoracic duct was removed under stereological microscope, and then the lymphatic tissue was longitudinal cut open, and put into a petri dish contained dulbecco's phosphate buffered saline (DPBS) of 2 mL, and was washed with DPBS for 2-3 times. Then, the lymphatic tissue was transferred to a centrifuge tube with 5 mL warm DMEM medium, which was incubated in 37°C water bath for 30 minutes. DMEM was replaced with 3 mL pre-formulated 0.25% Trypsin (without EDTA) for digesting at 37°C for 10 minutes. The Trypsin was replaced with DPBS for washing for 2-3 times. And then the lymphatic tissue was cut into pieces and was digested with 4 mL of collagenase I for 30 minutes at 37 °C, and oscillation was performed every 2 min for suspension. The digestion was terminated through supplement of DMEM-F12 medium containing 25% fetal bovine serum (FBS). After centrifugation for 3 minutes at 1100 rpm, the supernatant was discarded. The cells were suspended with 2 mL DMEM-F12 medium containing 25% FBS, plated into a 35 mm petri dish and incubated in an incubator with 5% CO2 at 37 °C for 72 hours. The cells were cultured and passaged using conventional method. Supplementary Figure 1B showed that the primary LSMCs were long spindle shaped characterized by slender sides, nucleus in center. 
Identification of LSMCs
[bookmark: _Hlk120391410]The 3rd passage cells were digested routinely and adjusted to the concentration of 2×104/mL. 200 μL of cell suspension was cultured in laser confocal petri dish for 36-48 hours. At 70%~80% confluence, the cells were quickly washed with DPBS, and fixed with 4% paraformaldehyde for 30 minutes. After three washes with PBS containing Tween-20 (PBST), the cells were permeated with 0.5%Triton X-100 at room temperature for 10 minutes, blocked with 5% BSA for 60 minutes. The cells were incubated with alpha-smooth muscle actin (α-SMA) antibody (14395-1-AP, Proteintech, Rosemont, IL, USA) with a dilution of 1:50 overnight at 4 °C. The next day, the cell was washed with PBST for three times, and was incubated with Alexa Fluor 488 (1:200) or Alexa Fluor 594 (1:200) for 60 minutes at room temperature. Subsequently, the cells were washed with PBST four times and was dyed with DAPI for 5 minutes. After washing with PBST for 4 times, 50 μL anti-fade solution was added to each well. The photograph was performed using laser confocal microscope (FV1200, Olympus, Japan) for analysis of α-SMA. Then, the expression of α-SMA in LSMCs was verified using Western Blotting, with rat lung microvascular endothelial cells (PMVECs) as negative control. Primary antibody α-SMA (1:1000) and secondary antibody (1:5000) were used. 
[bookmark: _Hlk120391443][bookmark: _Hlk120391714]Subsequently, the 3rd passage cells were collected and adjusted to the concentration of 1×106/mL. After fixed with 4% paraformaldehyde for 20 minutes and washed twice with PBS, the cells were permeated with 0.5% TritonX-100 for 20 minutes. After washing and blocking, the cells were incubated with primary antibody (α-SMA, 1:100) at 37 °C for 30 minutes, and then incubated with secondary antibody (Alexa Fluor 488, 1:1000) at room temperature without light for 30 minutes. After centrifugation for removing supernatant, these cells were suspended with 500 μL PBS for further detection using flow cytometry (Accuri C6, BD Biosciences Inc., San Jose, CA). The result showed that the purity of primary cultured rat LSMCs had a purity of 99.4%, which demonstrated that the cultured LSMCs was valid for subsequent experiments. 
Expressions of Estrogen Receptors in LSMCs
To determine whether beneficial protective effects of estrogen on lymphatic contraction is mediated via estrogen receptors (ERs), the current study detected the expression of ERs in LSMCs. The detailed method as follows described. 
[bookmark: _Hlk120391826]Firstly, the cells with 3-5 passages were used for estrogen receptor (ER) detection. The procedure of immunofluorescence was performed as above described. The LSMCs were incubated with primary antibody of ERα (1:200, ab32063, Abcam, Cambridge, UK), ERβ (1:500, ab212351, Abcam), and GPR30 (1:200, ab39742, Abcam), respectively. The results showed that there were positive signals for ERα and GPR30, and weak signal for ERβ. The positively expression of ERα and GPR30 were located in the nucleus and cytoplasm, respectively. The weakly positively expression of ERβ was located in the nucleus. 
Secondly, three Wistar female rats (280-320 g) were anesthetized and sacrificed by cervical dislocation. After abdominal aseptic surgery, the ovaries and uteri in each rat were collected for western blotting analysis and RT-PCR. These samples were stored at -80°C, as positive controls for subsequent experiments. 
Then, the expressions of ERα, ERβ, and GPR30 in LSMCs, ovaries and uterus were carried out by Western blotting. The primary antibody of ERα (1:1000), ERβ (1: 1000), GPR30 (1: 250) and secondary antibody (1:5000) were used. The results demonstrated that LSMCs are positive for ERα and GPR30, while ERβ is weakly positive. These results are consistent with the results of immunofluorescence (Supplementary Figure 2A).
Finally, the mRNA expression of ERα, ERβ, and GPR30 of LSMCs were detected with Real-time PCR as previous described [1, 2], and the ovaries and uteri of female rats were used as positive controls. The sequences for the primers are shown in Supplementary Table 1, which were provided by Generay Biotech Co., Ltd (Shanghai, China). Real-time PCR was conducted with sequence detection system (7300, ABI, Carlsbad, CA). The mRNA expression values were normalized by 18s, and result was calculated by 2-ΔΔCт method. Supplementary Figure 2B showed that the three receptors of estrogen are expressed in LSMCs, mainly ERα and GPR30. 


Supplementary Tables
Supplementary Table 1. Primer sequences for real-time PCR
	Gene
	Forward primer
	Reverse
	Product size (bp)
	Accession No.

	18s
	CGGCTACCACATCCAAGGAA
	GCTGGAATTACCGCGGCT
	187
	NR_046237.1

	ERα
	TCTGCCTTGATCACACACCG
	CACCCTGCTGGTTCAAAAGC
	131
	NM_012689.1

	ERβ
	ATGACCTGCTGCTGGAGATG
	ACTGTCCTCTGTTGAGCTGC
	92
	NM_012754.1

	GPR30
	TCTTCGCAGTGGTCCTTGTC
	GTCAAGGGGTAGGCATGACG
	133
	NM_133573.1





Supplementary Table 2. Effects of 17β-estradiol (E2) and inhibitors and agonists related to estrogen receptors or endoplasmic reticulum stress on the lymphatic contractile frequency and diameters in vivo in rats following hemorrhagic shock (Mean±SE, n=6).
	Group
	Frequency (f)
	Diastolic diameter (a)
	Systolic diameter (b)
	Static diameter (c)

	Sham
	18.33±1.74
	42.31±2.17
	31.99±1.46
	45.99±2.17

	Sham+E2
	15.67±1.31
	44.23±5.23
	24.16±4.42
	50.49±4.55

	Shock
	7.33±1.12
	51.57±6.78
	39.20±4.59
	58.40±8.05

	Shock+E2
	16.00±2.00
	43.62±3.08
	30.39±2.73
	48.04±3.17

	Sham+PPT
	11.00±1.24
	40.58±1.72
	24.52±2.75
	44.57±1.72

	Shock+PPT
	11.67±0.95
	48.50±3.51
	29.38±3.91
	52.95±3.04

	Sham+DPN
	17.00±1.91
	55.63±6.60
	35.05±4.22
	63.51±7.23

	Shock+DPN
	12.33±1.50
	56.09±2.85
	35.00±3.62
	65.18±3.08

	Sham+G-1
	16.67±2.17
	45.03±3.10
	27.51±3.01
	52.41±4.20

	Shock+G-1
	13.33±1.61
	46.59±4.31
	27.63±3.26
	50.67±4.90

	Sham+E2+ICI
	6.00±0.73
	49.50±3.50
	31.51±3.21
	57.19±4.33

	Shock+E2+ICI
	9.00±1.52
	39.81±2.47
	25.23±3.05
	46.06±1.69

	Sham+E2+G-15
	9.00±1.91
	45.48±10.31
	29.00±5.70
	51.01±9.92

	Shock+E2+G-15
	6.33±0.61
	46.82±3.83
	26.73±2.66
	55.03±5.31

	Sham+4-PBA
	13.00±1.13
	45.38±3.15
	28.75±3.10
	53.01±4.18

	Shock+4-PBA
	15.33±1.91
	42.79±3.69
	32.47±2.97
	47.47±3.58

	Sham+E2+XCT-790
	10.00±2.87
	56.03±7.01
	37.97±5.33
	63.93±8.26

	Shock+E2+XCT-790
	9.00±1.34
	52.51±4.28
	33.98±2.49
	64.05±5.09

	Sham+PPT+XCT-790
	7.67±0.95
	54.55±5.27
	31.00±4.16
	62.37±5.59

	Shock+PPT+XCT-790
	8.00±1.46
	44.30±2.29
	28.49±2.27
	50.45±3.75

	Sham+DPN+XCT-790
	10.33±0.61
	54.01±6.14
	34.71±5.60
	59.50±7.41

	Shock+DPN+XCT-790
	8.00±2.00
	51.86±6.88
	29.81±8.09
	61.99±7.68

	Sham+G-1+XCT-790
	8.33±0.80
	48.40±10.14
	30.90±7.10
	53.94±10.20

	Shock+G-1+XCT-790
	7.67±1.74
	44.87±2.11
	30.64±3.43
	54.46±4.37


DPN: diarylpropionitrile, ERα agonist; PPT: ptopyl pyrazole trio, ERβ agonist; G-1: GPR30 -selective agonist; ICI: ICI 182,780, ER antagonist; G-15: GPR30-selective inhibitor; 4-PBA: 4-Phenylbutyric acid, ERS inhibitor; XCT-790: ERS agonist.

Supplementary Table 3. Effects of 17β-estradiol (E2) and inhibitors and agonists related to estrogen receptors or endoplasmic reticulum stress on the difference of contractile amplitude of lymphatics isolated from rats following hemorrhagic shock in vitro (Mean±SE, n=6). 
	Group
	Pre-SP
	
	1×10-8 (SP, mol/L)
	
	3×10-8 (SP, mol/L)
	
	1×10-7 (SP, mol/L)
	
	3×10-7 (SP, mol/L)
	
	Ca2+free PSS

	
	EDD
	ESD
	
	EDD
	ESD
	
	EDD
	ESD
	
	EDD
	ESD
	
	EDD
	ESD
	
	PD

	Sham
	223±16
	139±23
	
	205±17
	139±23
	
	195±18
	129±17
	
	186±21
	128±16
	
	160±24
	115±18
	
	257±13

	Shham+E2
	239±18
	153±10
	
	225±18
	148±8
	
	211±16
	147±8
	
	168±15
	129±9
	
	150±20
	108±8
	
	264±21

	Shock
	227±12
	137±12
	
	218±12
	135±11
	
	203±11
	130±9
	
	193±9
	127±7
	
	174±13
	124±9
	
	235±12

	Shock+E2
	230±21
	151±25
	
	224±22
	145±25
	
	204±19
	139±25
	
	193±14
	129±22
	
	166±6
	120±14
	
	239±21

	Sham+PPT
	244±7
	149±19
	
	221±9
	142±19
	
	204±12
	134±18
	
	169±21
	125±21
	
	149±19
	113±17
	
	274±8

	Sham+DPN
	226±5
	153±12
	
	212±7
	149±11
	
	201±8
	140±12
	
	191±9
	142±10
	
	165±13
	134±11
	
	246±8

	Sham+G-1
	215±15
	120±7
	
	199±14
	117±7
	
	193±15
	114±7
	
	184±13
	107±7
	
	159±12
	100±5
	
	231±15

	Sham+E2+ICI
	228±17
	137±14
	
	216±16
	133±14
	
	206±13
	133±14
	
	196±12
	129±11
	
	168±14
	125±10
	
	238±16

	Sham+E2+G-15
	238±16
	148±18
	
	226±13
	144±17
	
	218±14
	138±17
	
	206±14
	133±19
	
	183±14
	122±17
	
	251±16

	Shock+PPT
	216±6
	131±14
	
	204±6
	148±12
	
	199±7
	128±14
	
	189±6
	126±14
	
	166±8
	125±14
	
	223±7

	Shock+DPN
	213±12
	137±5
	
	205±11
	133±7
	
	191±16
	120±7
	
	179±17
	115±6
	
	158±14
	108±5
	
	226±11

	Shock+G-1
	237±9
	128±9
	
	219±10
	127±10
	
	208±10
	121±11
	
	192±11
	110±10
	
	150±13
	95±9
	
	243±9

	Shock+E2+ICI
	220±19
	122±9
	
	203±16
	118±8
	
	195±15
	114±8
	
	183±13
	108±7
	
	163±10
	102±7
	
	231±17

	Shock+E2+G-15
	235±22
	158±21
	
	225±22
	155±21
	
	214±22
	153±21
	
	199±23
	144±21
	
	165±18
	114±9
	
	246±21


Continued Supplementary Table 3.
	Group
	Pre-SP
	
	1×10-8 (SP, mol/L)
	
	3×10-8 (SP, mol/L)
	
	1×10-7 (SP, mol/L)
	
	3×10-7 (SP, mol/L)
	
	Ca2+free PSS

	
	EDD
	ESD
	
	EDD
	ESD
	
	EDD
	ESD
	
	EDD
	ESD
	
	EDD
	ESD
	
	PD

	Sham+4-PBA
	208±17
	132±17
	
	189±15
	125±15
	
	172±18
	118±15
	
	151±15
	106±14
	
	127±11
	94±11
	
	239±19

	Shock+4-PBA
	222±21
	141±15
	
	212±18
	136±15
	
	197±19
	133±16
	
	177±19
	117±13
	
	144±21
	97±9
	
	235±18

	Sham+E2+XCT-790
	212±14
	129±13
	
	203±10
	126±13
	
	192±12
	127±12
	
	177±12
	121±12
	
	141±7
	102±8
	
	227±14

	Shock+E2+XCT-790
	219±27
	144±21
	
	208±27
	139±21
	
	193±23
	130±16
	
	176±21
	125±15
	
	139±21
	109±14
	
	234±22

	Sham+PPT+XCT-790
	225±16
	139±17
	
	213±15
	135±16
	
	202±15
	126±17
	
	180±14
	124±17
	
	148±16
	115±13
	
	231±16

	Shock+PPT+XCT-790
	214±16
	123±8
	
	205±14
	121±8
	
	196±15
	119±10
	
	181±12
	117±9
	
	146±11
	101±6
	
	224±15

	Sham+DPN+XCT-790
	206±15
	132±15
	
	192±16
	129±15
	
	187±15
	128±21
	
	168±11
	118±16
	
	133±9
	102±5
	
	223±14

	Shock+DPN+XCT-790
	250±19
	150±14
	
	238±19
	145±14
	
	221±11
	147±13
	
	197±14
	141±11
	
	175±21
	112±10
	
	267±20

	Sham+G-1+XCT-790
	196±13
	121±8
	
	185±13
	113±9
	
	172±11
	109±9
	
	160±12
	108±9
	
	133±18
	91±9
	
	208±13

	Shock+G-1+XCT-790
	210±20
	139±15
	
	197±19
	135±14
	
	186±17
	131±13
	
	170±14
	124±12
	
	138±12
	108±11
	
	222±21


SP: p substance; EDD: end-diastolic diameter; ESD: end-systolic diameter; PD: passive diameter. 
DPN: diarylpropionitrile, ERα agonist; PPT: ptopyl pyrazole trio, ERβ agonist; G-1: GPR30 -selective agonist; ICI: ICI 182,780, ER antagonist; G-15: GPR30-selective inhibitor; 4-PBA: 4-Phenylbutyric acid, ERS inhibitor; XCT-790: ERS agonist.

Supplementary Figures
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[bookmark: _Hlk120392140]Supplementary Figure 1. Primary culture technique in lymphatic smooth muscle cells (LSMCs). A: Cell culture process. B: The cellular morphology under light microscope. 
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[bookmark: _Hlk97564253][bookmark: _Hlk120392444]Supplementary Figure 2. The expressions of estrogen receptors (ERs) in lymphatic smooth muscle cells (LSMCs). A: Western blotting; B: RT-PCR. 
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Supplementary Figure 3. Treatments of 17-β-Estradiol (E2) and 4-Phenylbutyrate (4-PBA) enhanced the survival rate in rats following hemorrhagic shock (n=8, P<0.05).
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Supplementary Figure 4. Representative images of lymphatic microcirculation in vivo in rats following hemorrhagic shock treated by 17-β-estradiol (E2) or inhibitors and agonists related to estrogen receptors and endoplasmic reticulum stress.
[image: ]
Supplementary Figure 5. Representative images of lymphatic contractility and reactivity in vitro in rats following hemorrhagic shock treated by 17-β-estradiol (E2) or inhibitors and agonists related to estrogen receptors and endoplasmic reticulum stress.
[image: ]
Supplementary Figure 6. Treatment of 17β-estradiol (E2) enhanced contraction of lymphatic smooth muscle cells following tunicamycin (TM) through estrogen receptors (ERs). Data presented as the mean±SD (n = 6). DPN: diarylpropionitrile, ERα agonist; PPT: ptopyl pyrazole trio, ERβ agonist; G-1: GPR30 -selective agonist; ICI: ICI 182,780, ER antagonist; G-15: GPR30 -selective inhibitor.
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