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Abstract: Thrombolysis with recombinant tissue plasminogen activator (rt-

PA) is the only pharmacological approved treatment for ischemic stroke, 

despite its associated increasing risk of hemorrhagic transformation. 

Since many of rt-PA effects in blood-brain barrier (BBB) are not well 

characterized, the study of protein changes in BBB cells after rt-PA 

administration may help to understand its adverse effects. Our aim was to 

analyze protein levels of four commonly used housekeeping proteins: β-

Actin, α-Tubulin, GAPDH and HPRT in bEnd.3 endothelial cell line 

subjected to oxygen and glucose deprivation (OGD) conditions and rt-PA 

treatment to determine their reliability as Western blot loading 

controls. bEnd.3 monolayers were subjected to 2.5 hours of OGD and 

reperfusion with/without 20 µg/ml of rt-PA. At 3, 6, 24 and 72 hours 

post-OGD, protein levels were analyzed by Western blot using Stain-Free 

technology. OGD significantly decreased β-Actin, α-Tubulin, GAPDH and 

HPRT protein levels at 3, 6, 24 and 72 hours post-OGD without significant 

rt-PA treatment effects except for the GAPDH levels increase in control 

condition at 3 hours post-OGD. The present study clearly demonstrated 

that β-Actin, α-Tubulin, GAPDH and HPRT proteins are not suitable as 

loading controls for Western Blot analysis in bEnd.3 cells after OGD. 
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Reviewer #1: This is a review on a revised paper entitled "Evaluation of common 
housekeeping proteins under ischemic conditions and/or rt-PA treatment in bEnd.3 
cells" by Comajoan et al. 
 
 
I think you need to correct some issues in the revision. 
 
 
Issues that need to be addressed: 
 

Minor points 
 
R1-1) As you replied, OGD duration is quite variable. You should revise to "OGD of 2.5 
hours" in the line 9 of Abstract. 
 
As suggested, OGD duration have been incorporated in the line 9 of Abstract. 

 
R1-2) As you changed the title, "BBB in vitro model" in Graphical Abstract would be 
better phrased as "mimic primary culture of endothelial cells".  
 
We agree with the observation and we have modified the sentence “BBB in vitro model” to 

“bEnd.3 endothelial cell culture” in Graphical Abstract. We agree with the idea that the 

reviewer suggests and for that reason we have introduced it in the revised manuscript 

answering the R1-3 question. However, we have considered more appropriate as a 

methodological title the “bEnd.3 endothelial cell culture” sentence.     

 
R1-3) In the line of 58, 
You should explain bEnd.3 cells in more detail. 
For example, --- bEnd.3 cells which appear to be a suitable model for the BBB and 
mimic primary culture of BBB endothelial cells. 
 
As suggested, we have introduced a more detailed explanation of the use of bEnd.3 cell line 

as a suitable model for the BBB presenting similar barrier characteristics to the primary brain 

microvascular endothelial cells into the Introduction section and we have included an 

additional reference (line 58-60).  

 
 
R1-4) In the line of 66, 
"In vitro BBB model" would be also better phrased as "Cell culture". 
 

This change has been made (line 68). 

 
R1-5) In the line of 24 and figure legends, There are still some typographical errors. 
Would you correct decimal character to period from comma? 
 
These changes have now been made. 

 
R1-6) In Fig. 2, 
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OGD line is difficult to distinguish from line for OGD+rt-PA. Would you change 
distinguishable lines? 
 

We agree with this observation and have modified the Figure 2 accordingly.  



Significance 

We reported altered levels of β-Actin, α-Tubulin, GAPDH and HPRT housekeeping proteins in bEnd.3 

endothelial cell line after an ischemic insult. Therefore, we demonstrated that these proteins are not 

suitable as loading controls for Western Blot analysis in our experimental conditions and we 

recommended the use of Stain-Free gels as an alternative to traditional housekeeping proteins 

normalization. 
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Highlights 

 Time profile analysis of four common housekeeping proteins after ischemic insult and/or rt-

PA administration in bEnd.3 cell line 

 We reported β-Actin, α-Tubulin, GAPDH and HPRT protein levels decreased after 2,5 hours 

of oxygen-glucose deprivation and subsequent reperfusion 

  We demonstrated that these proteins are not suitable as loading controls for Western Blot 

in our OGD experimental conditions 

 We observed rt-PA treatment did not modify β-Actin, α-Tubulin and HPRT protein levels at 

any analyzed time after reperfusion. 

 We demonstrated rt-PA treatment induced a significant temporal increase of GAPDH levels 

in normoxic conditions 
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Abstract 1 

Thrombolysis with recombinant tissue plasminogen activator (rt-PA) is the only pharmacological 2 

approved treatment for ischemic stroke, despite its associated increasing risk of hemorrhagic 3 

transformation. Since many of rt-PA effects in blood-brain barrier (BBB) are not well characterized, 4 

the study of protein changes in BBB cells after rt-PA administration may help to understand its 5 

adverse effects. Our aim was to analyze protein levels of four commonly used housekeeping 6 

proteins: β-Actin, α-Tubulin, GAPDH and HPRT in bEnd.3 endothelial cell line subjected to oxygen 7 

and glucose deprivation (OGD) conditions and rt-PA treatment to determine their reliability as 8 

Western blot loading controls. bEnd.3 monolayers were subjected to 2.5 hours of OGD and 9 

reperfusion with/without 20 µg/ml of rt-PA. At 3, 6, 24 and 72 hours post-OGD, protein levels were 10 

analyzed by Western blot using Stain-Free technology. OGD significantly decreased β-Actin, α-11 

Tubulin, GAPDH and HPRT protein levels at 3, 6, 24 and 72 hours post-OGD without significant rt-PA 12 

treatment effects except for the GAPDH levels increase in control condition at 3 hours post-OGD. 13 

The present study clearly demonstrated that β-Actin, α-Tubulin, GAPDH and HPRT proteins are not 14 

suitable as loading controls for Western Blot analysis in bEnd.3 cells after OGD. 15 

 16 

Keywords 17 

Housekeeping proteins; OGD; rt-PA; Blood brain barrier; Endothelial cells; Ischemic stroke; 18 

 19 

INTRODUCTION 20 

According to the World Health Organization, stroke is a leading cause of death and disability in the 21 

world (2012). Despite all clinical trials carried out in recent years, thrombolytic therapy with 22 

recombinant tissue plasminogen activator (rt-PA) has been the only drug shown to be effective for 23 

the treatment of ischemic stroke when administered within the first 4.5 hours of stroke onset [1]. 24 

However, its administration is associated with an increasing risk (8%) of symptomatic hemorrhagic 25 

transformation (HT) of the ischemic brain. This adverse effect constitutes an important limitation for 26 

the generalization of rt-PA therapy which, at the present time, is given to less than 5% of patients 27 

with ischemic stroke [2,3]. 28 

HT is mostly caused by the disruption of the blood-brain barrier (BBB) after the ischemic insult as a 29 

result of the increase of permeability and the subsequent pass of erythrocytes through the 30 

structure. BBB is composed of astrocyte end-feet, pericytes, specialized brain capillary endothelial 31 

cells (EC) and the extracellular matrix (ECM) components [4,5]. At the molecular level, it has been 32 

shown that rt-PA could affect directly to EC through triggering the degradation of tight junction 33 

proteins [6] which are essential for maintaining cerebrovascular homeostasis and regulating the 34 

vascular endothelial growth factor (VEGF) expression and the subsequent stimulation of endocytosis, 35 

transcytosis and angiogenesis [7]. rt-PA has also been implicated in the degradation of basement 36 

membrane components such as collagen IV, laminin and fibronectin through plasmin activation, low 37 
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density lipoprotein receptor associated protein-1 (LRP-1) stimulation, and matrix metalloprotease 38 

(MMPs) induction [8]. 39 

Since many of rt-PA’s pleiotropic interactions are not well characterized, the identification and time 40 

profile analysis of endothelial protein levels after ischemic conditions and rt-PA administration may 41 

shed light on the molecular mechanisms underlying rt-PA’s adverse effects in this important element 42 

of neurovascular unit of BBB [9]. 43 

The Western Blot or Immunoblot is a widely accepted technic used to determine the expression 44 

changes of particular proteins under specific experimental conditions such as ischemia. The most 45 

common way to validate the detected differences is performing a loading normalization using high-46 

abundance housekeeping proteins expressed at a constant level and theoretically not affected by 47 

experimental conditions. β-Actin, α-Tubulin and glyceraldehyde 3-phosphate dehydrogenase 48 

(GAPDH), among other housekeeping proteins, are usually chosen as loading controls [10]. Different 49 

studies have used these housekeeping proteins to normalize results after in vitro and in vivo 50 

ischemia models [11,12] but, other studies have reported altered expressions of actin, tubulin and 51 

GAPDH due to the effects of the ischemia [13–15]. These controversial results make questionable 52 

the use of these loading controls for western blot normalization purposes in ischemic conditions. In 53 

this sense, different papers have recently confirmed Stain-Free technology as a more reliable 54 

method than housekeeping’s labeling, avoiding saturate signals and housekeeping variations due to 55 

experimental conditions [16–19]. Moreover, there are no published data analyzing the effect of rt-56 

PA in normoxic and ischemic conditions on expression of these putative housekeeping proteins in 57 

bEnd.3 cells. This immortalized mouse cerebral endothelial cell line appears to be a suitable in vitro 58 

BBB model presenting similar barrier characteristics to the primary brain microvascular endothelial 59 

cells [20,21]. 60 

The aim of this study was to analyze the levels of four common housekeeping proteins, β-Actin, α-61 

Tubulin, GAPDH and Hypoxanthine-guanine phosphoribosyltransferase (HPRT) in the bEnd.3 62 

endothelial cell line subjected to oxygen and glucose deprivation (OGD) conditions and/or treatment 63 

with rt-PA to determine whether they are reliable as loading controls to Western blot or not in these 64 

experimental conditions during a time period from 3 to 72 hours post-OGD. 65 

 66 

MATERIAL & METHODS 67 

Cell culture. Immortalized mouse brain endothelial cell line (bEnd.3) were purchased from 68 

ATCC (CRL-2299), seeded in 60mm Petri dishes (Corning, USA) and grown in DMEM high glucose 69 

(HG) medium with 1% glutamine (Gibco, USA), 10% fetal bovine serum (Gibco, USA) and 1% 70 

Penicillin/Streptomycin (HyClone Laboratories, USA). All bEnd.3 cells used for these experiments 71 

were cultured between 25-30 passages, which have been shown to maintain excellent BBB 72 

characteristics in vitro [20]. 73 

OGD performance and rt-PA treatment. After overnight starvation in DMEM HG with 1% fetal 74 
bovine, bEnd.3 monolayers were subjected to OGD. Briefly, the medium was replaced with glucose-75 
free DMEM without FBS (Gibco, USA) previously perfused with N2 to purge the oxygen. Then, the 76 
cells were placed into a 37ºC humidified hypoxic chamber with a constant N2 flow of 1 L/min and 77 
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0.15 bar pressure for 2.5 hours. This OGD period was selected after confirm that a viable cell 78 
population remains until 72 hours though with ionic and paracellular permeability as well as tight 79 
junction protein levels differences between control, OGD and OGD + rt-PA treated cells  80 
(unpublished results). Regarding the control (CTR) group, the same procedure was carried out with 81 
the difference that the glucose-free medium was supplemented with glucose (5.5mM) and 82 
incubated at 37ºC with 5% of CO2. At the end of the OGD period, media were removed and replaced 83 
with DMEM HG medium containing 10% FBS and with or without rt-PA at a concentration of 20 84 
µg/ml. As reported in previous publications, we used a dose of 20 µg/mL of tPA, based on the finding 85 
that such a concentration can be observed in blood [22]. 86 

 87 

Cell viability. At 0, 24, 48 and 72 hours of reperfusion, with or without rt-PA treatment, cell 88 

viability was assessed with 3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bromide (MTT) assay 89 

(5mg/ml, Sigma). Absorbance was measured at 570 nm using a SpectraMax 340PC384 Microplate 90 

Reader and results were expressed as a percentage of the value in the control group.  91 

 92 

Western Blot analysis. At 3, 6, 24 and 72 hours post-OGD, cells were collected and protein 93 

was isolated using Lysis Buffer (Cell Signaling, The Netherlands).  Protein concentration was 94 

measured using BCA method (Thermo fisher scientific, USA). Protein samples (10 µg) were loaded 95 

and separated by electrophoresis on Criterion™ TGX Stain-Free™ Precast Gels (Bio-Rad) at 120 V for 96 

80-90 minutes. Then, proteins were transferred to PVDF membranes at 30 V overnight at 4 ºC. After 97 

1 hour of blocking with TBST 5% BSA (EMD Millipore, USA), membranes were incubated 1 hour at 98 

room temperature with primary antibodies: anti-β-Actin (sc-47778), 1:1000; anti-α-Tubulin (sc-99 

5286), 1:1000 from Santa Cruz Biotechnology and anti GAPDH, 1:20000 (MAB374) from EMD 100 

Millipore, USA and overnight at 4 ºC with anti-HPRT (sc-376938), 1:100 from Santa Cruz 101 

Biotechnology, in TBST 3% BSA. HRP-conjugated secondary antibodies were used for 1 hour at room 102 

temperature. Protein bands were revealed using Immobilon Western Chemiluminescent HRP 103 

Substrate (EMD Millipore, USA) and quantified with Alpha Innotech software (AlphaEaseFC™).  104 
 105 
Stain-Free total protein staining and quantification. The Criterion Stain-Free gels (BioRad) 106 

were used as a loading control in Western Blot since they contained a trihalo compounds that 107 

allowed rapid fluorescent detection of total protein loaded in each lane and after the transfer in 108 

PVDF membranes. Once the gel had run, it was placed to the transilluminator and exposed 5 109 

minutes with UV light in order to activate the fluorescence signal. Then, each lane was quantified 110 

using Alpha Innotech software (AlphaEaseFC™). The space between lanes was taken as a background 111 

according to Aldridge GM et al. [10] as shows in Figure 1. 112 

Statistical analysis. SPSS software (IBM SPSS Statistics 22) was used to perform the statistical 113 

analysis. Since variables were not normally distributed, non-parametric Mann-Whitney test was used 114 

to perform the analysis. P value <0.05 was considered as significant. 115 

 116 

RESULTS 117 

OGD decreased significantly the viability of bEnd.3 cells from 0 to 72 hours while rt-PA 118 

administration at reperfusion only induced a significant decrease of viability at 72 hours in the OGD 119 

rt-PA group (Figure 2).  120 
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Figure 3 shows a representative gel with total protein staining of bEnd.3 murine endothelial cells 121 

subjected to 2.5 hours of OGD and the subsequent reperfusion, in which it is possible to observe 122 

differences in protein profile between OGD and CTR samples. The most remarkable differences were 123 

seen between 3 and 24 hours post-reperfusion, while at 72 hours the profiles were similar again. 124 

Regarding rt-PA treatment, the possible differences between groups were much more attenuated 125 

and therefore, practically unobservable. 126 

As can be seen in Figure 4, protein levels of β-Actin, α-Tubulin, GAPDH and HPRT in bEnd.3 were 127 

significantly decreased after 2.5 hours of OGD at 3, 6, 24 and 72 hours of reperfusion compared to 128 

CTR condition. Moreover, rt-PA treatment had no effects on β-Actin, α-Tubulin and HPRT protein 129 

levels since no differences were observed neither between CTR and CTR + rt-PA nor OGD and OGD + 130 

rt-PA groups at 3, 6, 24 and 72 hours of reperfusion (Figure 4B, C and E). However, GAPDH levels 131 

significantly increased after rt-PA treatment in the CTR condition (p = 0.05; CTR vs CTR + rt-PA) at 3 132 

hours but not at 6, 24 and 72 hours post-reperfusion (Figure 4D). 133 

 134 

DISCUSSION 135 

The aim of the present study was to evaluate the suitability of β-Actin, α-Tubulin, GAPDH and HPRT 136 

proteins as loading controls for Western Blot analysis in an in vitro model of ischemia and 137 

reperfusion, with or without rt-PA administration, using the murine brain endothelial bEnd.3 cell 138 

line. Our results showed that none of them seems to be appropriate for normalization purposes 139 

when OGD is applied to bEnd.3 cells since the levels of these proteins significantly diminished from 3 140 

to 72 hours post-reperfusion, independently of rt-PA administration. 141 

It has been previously reported that common housekeeping proteins are not always reliable loading 142 

controls and it is necessary to test them in each experimental condition before normalizing the 143 

results [10,17,19,23]. Stain-Free gels appears as a good option to test the suitability of candidate 144 

housekeeping protein [18,19]. Total protein staining also allowed to observe a differential protein 145 

profile due to OGD in bEnd.3 endothelial cell line. In concordance with this, Andreev et al. described 146 

a translation alteration of about 3,000 genes during 1 hour of OGD in a PC12 neural cell line [24]. 147 

Furthermore, it has been demonstrated that hypoxia-inducible factor (HIF)-1 was increased in 148 

bEnd.3 cells after 18 hours post-6 hours of OGD [25]. In concordance, a similar HIF-1 response to 149 

hypoxia was described in neuroblastoma cells and associated with protein profile alterations as a 150 

result of an induction of genes involved in anaerobic metabolism, oxygen transport and angiogenesis 151 

[26]. 152 

β-Actin, α-Tubulin, GAPDH and HPRT proteins have been used as housekeeping proteins in many 153 

experimental conditions, including ischemic in vivo and in vitro models [27,28]. However, other 154 

studies have reported altered expressions of actin, tubulin and GAPDH as a result of the ischemia 155 

[13–15], which is in agreement with our results. According to this, Maneen MJ et al. [29] 156 

demonstrated a reduction of actin levels in rats subjected to 1 hour of right middle cerebral artery 157 

occlusion (MCAO) and 30 minutes of reperfusion, and proposed that the actin polymerization is 158 

particularly susceptible to oxidative stress after stroke. Moreover, a significant decrease of actin 159 

expression after exposing bovine brain microvessel endothelial cells to 6 hours of hypoxia and 160 
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aglycaemia was also reported by Brown RC et al., suggesting that maintenance of the actin 161 

cytoskeleton is energy-dependent and requires a constant supply of ATP [13]. In concordance, Torii 162 

H et al. and Coucha M et al. concluded that hypoxia/reoxygenation produced a cytoskeletal 163 

reorganization in which filamentous actin decreased [30,31]. Similar to actin, α- and β-Tubulin are 164 

important structural proteins of the cytoskeleton and alterations in their expression and distribution 165 

were also observed after ischemic conditions [32]. Particularly, Ma XL et al. reported a significant 166 

decrease in α-Tubulin expression in rats after 60 minutes of cerebral ischemia and 1 hour of 167 

reperfusion [15]. Similarly, Kumar K et al. and Hatakeyama T et al. described a significant tubulin 168 

mRNA and immunoreactivity decrease, after 10 minutes of transient ischemia and reperfusion at 6 169 

and 48 hours [33,34]. Regarding GAPDH, a critical enzyme involved in glycolysis for energy 170 

production [35], Tanaka R et al. described different GAPDH levels depending on the analyzed area 171 

and post-ischemia time point in an in vivo model of cerebral ischemia. Specifically, they reported a 172 

nuclear accumulation of GAPDH in the ischemic core area after 2 hours of MCAO without 173 

reperfusion that decreased in a time-dependent manner from 3 to 48 hours after reperfusion [14]. 174 

Finally, HPRT is an important enzyme that catalyzes the conversion of hypoxanthine to inosine 175 

monophosphate in a rescue pathway to obtain ATP. Although some articles reported unchanged 176 

mRNA HPRT expression and it was accepted as housekeeping control for real time-PCR analysis in in 177 

vivo models of permanent MCAO (pMCAO) [36,37], other studies have reported reduced HPRT 178 

mRNA levels under ischemic conditions [38]. In accordance, our results have showed a decrease of 179 

HPRT protein levels after ischemia. To the best of our knowledge, this is the first study analyzing 180 

HPRT protein levels after an ischemic insult and particularly showing that ischemia results in a 181 

decrease in the levels of this protein in bEnd.3 cells. 182 

Although with many limitations, in vitro OGD models reproduce part of the cascade of molecular 183 

events resulting after cerebral ischemia highlighting the subsequent energy failure and metabolic 184 

disturbances. These disturbances included changes in the oxygen levels, in glucose metabolism and 185 

the depletion of energy metabolites including ATP, phosphocreatine, lactate and N-acetyl aspartate 186 

[39]. Therefore, proteins involved in energy-dependent processes, which required a constant supply 187 

of ATP such as actin and tubulin polymerization, or related with metabolic pathways to obtain ATP 188 

such as GADPH and HPRT, may be altered in our experimental conditions. Contrary to our results 189 

some studies carried out in the bEnd.3 model presented β-Actin as unchanging housekeeping 190 

protein. Jie Liu et al. and Haoming Song et al. exposed bEnd.3 cells to 2 hours of OGD, without or 191 

with 6 hours of reoxygenation, respectively [11,27] and Soonmi Won et al. performed a 6-hours of 192 

OGD and 3-hours of reoxygenation model [40]. We consider that the discrepancies could be due to 193 

methodologic differences including the analyzed time points after OGD. In fact, our study presents 194 

an extensive time profile analysis (from 3 to 72 hours after OGD) of β-Actin, α-Tubulin, GADPH and 195 

HPRT protein levels in bEnd.3 cells.  196 

To the best of our knowledge, this is the first study evaluating the effects of rt-PA on the levels of the 197 

analyzed housekeeping proteins. Our results demonstrate that rt-PA administration did not modify 198 

β-Actin, α-Tubulin and HPRT levels, neither under normal conditions nor after OGD at the different 199 

time point analysis. On the other hand, the addition of rt-PA to bEnd.3 cultures resulted in an 200 

increase in the GAPDH levels at CTR condition at 3 hours post-rt-PA administration. Although similar 201 

results had not been described in CTR conditions, it has been previously reported that GAPDH 202 

overexpression restores energy production and prevents DNA damage in endothelial cells after 203 

ischemia/reperfusion injury [41], and so it is possible that GADPH protein levels could increase after 204 
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rt-PA administration as a protective response. Further studies are, however, needed to confirm this 205 

hypothesis.  206 

CONCLUSION 207 

In summary, in our study we have demonstrated that levels of β-Actin, α-Tubulin, GAPDH and HPRT 208 

proteins significantly decrease in murine brain endothelial bEnd.3 cells subjected to 2.5 hours of 209 

OGD at 3, 6, 24 and 72 hours of reperfusion, and so these proteins would not be suitable as loading 210 

controls for Western Blot analysis in these experimental conditions. Therefore, except GAPDH, β-211 

Actin, α-Tubulin and HPRT could be used as loading control proteins in experimental conditions 212 

including rt-PA administration (without OGD conditions) at least until 72 hours post-administration. 213 

So, given the lack of a specific housekeeping protein for the experimental conditions analyzed, we 214 

consider the total protein normalization using Stain-Free technology to be a reliable option and, 215 

therefore, we recommend the use of Stain-Free gels as an alternative to traditional housekeeping 216 

normalization in Western Blot. 217 

 218 

 219 

Author contributions  220 

PC performed in vitro procedures and Western Blot analysis with EK and CG help. PC, EK and CG 221 

analyzed and interpreted data obtained. PC, EK and CG were the major contributors in writing the 222 

manuscript. All authors read and approved the final manuscript. 223 

Funding sources  224 

This research has been supported by the Instituto de Salud Carlos III, Health Strategic Action 225 

Program (PI13/02258) and the Spanish Stroke Research Network (INVICTUS and INVICTUS-PLUS). We 226 

also gratefully acknowledge grant support from Universitat de Girona (MPCUdG2016/092). P. 227 

Comajoan is supported by a predoctoral fellowship from University of Girona.  228 

Notes  229 

All authors declare no conflict of interests. 230 

 231 

References 232 

 233 

[1] K. Lees, E. Bluhmki, D. Toni, Von Kummer, M. J., B. T.G., K. M., G. J.C., A. G.W., H. S., T. B.C., H. 234 
W., Time dependent response to treatment with intravenous rtPA for stroke: An updated 235 
pooled analysis of ECASS, ATLANTIS and NINDS stroke trials, Stroke. 41 (2010) e247–e248. 236 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS=N&AN=70429237 
296. 238 

[2] The NINDS t-PA Stroke Study Group, Intracerebral Hemorrhage After Intravenous t-PA 239 



 8 

Therapy for Ischemic Stroke, Stroke. 28 (1997) 2109–2118. doi:10.1161/01.STR.28.11.2109. 240 

[3] W. Hacke, M. Kaste, E. Bluhmki, M. Brozman, A. Dávalos, D. Guidetti, V. Larrue, K.R. Lees, Z. 241 
Medeghri, T. Machnig, D. Schneider, R. von Kummer, N. Wahlgren, D. Toni, Thrombolysis with 242 
Alteplase 3 to 4.5 Hours after Acute Ischemic Stroke, N. Engl. J. Med. 359 (2008) 1317–1329. 243 
doi:10.1056/NEJMoa0804656. 244 

[4] R. Leigh, S.S. Jen, A.E. Hillis, J.W. Krakauer, P.B. Barker, Pretreatment blood-brain barrier 245 
damage and post-treatment intracranial hemorrhage in patients receiving intravenous tissue-246 
type plasminogen activator, Stroke. 45 (2014) 2030–2035. 247 
doi:10.1161/STROKEAHA.114.005249. 248 

[5] K.E. Sandoval, K.A. Witt, Blood-brain barrier tight junction permeability and ischemic stroke, 249 
Neurobiol. Dis. 32 (2008) 200–219. doi:10.1016/j.nbd.2008.08.005. 250 

[6] S. Lemarchant, F. Docagne, E. Emery, D. Vivien, C. Ali, M. Rubio, TPA in the injured central 251 
nervous system: Different scenarios starring the same actor?, Neuropharmacology. 62 (2012) 252 
749–756. doi:10.1016/j.neuropharm.2011.10.020. 253 

[7] Y.. b Suzuki, N.. Nagai, K.. Yamakawa, Y.. Muranaka, K.. Hokamura, K.. Umemura, 254 
Recombinant tissue-type plasminogen activator transiently enhances blood-brain barrier 255 
permeability during cerebral ischemia through vascular endothelial growth factor-mediated 256 
endothelial endocytosis in mice, J. Cereb. Blood Flow Metab. 35 (2015) 2021–2031. 257 
doi:10.1038/jcbfm.2015.167. 258 

[8] Y. Suzuki, N. Nagai, K. Umemura, A Review of the Mechanisms of Blood-Brain Barrier 259 
Permeability by Tissue-Type Plasminogen Activator Treatment for Cerebral Ischemia, Front. 260 
Cell. Neurosci. 10 (2016) 1–10. doi:10.3389/fncel.2016.00002. 261 

[9] Z. Merali, M.M. Gao, T. Bowes, J. Chen, K. Evans, A. Kassner, Neuroproteome changes after 262 
ischemia/reperfusion injury and tissue plasminogen activator administration in rats: A 263 
quantitative iTRAQ proteomics study, PLoS One. 9 (2014) 1–11. 264 
doi:10.1371/journal.pone.0098706. 265 

[10] G.M. Aldridge, D.M. Podrebarac, W.T. Greenough, I.J. Weiler, The use of total protein stains 266 
as loading controls: An alternative to high-abundance single-protein controls in semi-267 
quantitative immunoblotting, J. Neurosci. Methods. 172 (2008) 250–254. 268 
doi:10.1016/j.jneumeth.2008.05.003. 269 

[11] J. Liu, X. Jin, K.J. Liu, W. Liu, Matrix Metalloproteinase-2-Mediated Occludin Degradation and 270 
Caveolin-1-Mediated Claudin-5 Redistribution Contribute to Blood-Brain Barrier Damage in 271 
Early Ischemic Stroke Stage, J. Neurosci. 32 (2012) 3044–3057. doi:10.1523/JNEUROSCI.6409-272 
11.2012. 273 

[12] P. Jie, Y. Tian, Z. Hong, L. Li, L. Zhou, L. Chen, L. Chen, Blockage of transient receptor potential 274 
vanilloid 4 inhibits brain edema in middle cerebral artery occlusion mice, Front. Cell. 275 
Neurosci. 9 (2015). doi:10.3389/fncel.2015.00141. 276 

[13] R.C. Brown, T.P. Davis, Hypoxia/aglycemia alters expression of occludin and actin in brain 277 
endothelial cells, Biochem. Biophys. Res. Commun. 327 (2005) 1114–1123. 278 
doi:10.1016/j.bbrc.2004.12.123. 279 

[14] R. Tanaka, H. Mochizuki, A. Suzuki, N. Katsube, R. Ishitani, Y. Mizuno, T. Urabe, Induction of 280 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression in rat brain after focal 281 
ischemia/reperfusion, J Cereb Blood Flow Metab. 22 (2002) 280–288. doi:10.1097/00004647-282 



 9 

200203000-00005. 283 

[15] X.L. Ma, K.D. Liu, F.C. Li, X.M. Jiang, L. Jiang, H.L. Li, Human mesenchymal stem cells increases 284 
expression of alpha-tubulin and angiopoietin 1 and 2 in focal cerebral ischemia and 285 
reperfusion, Curr. Neurovasc. Res. 10 (2013) 103–111. doi:CNR-EPUB-20130304-2 [pii]. 286 

[16] A. Gürtler, N. Kunz, M. Gomolka, S. Hornhardt, A.A. Friedl, K. McDonald, J.E. Kohn, A. Posch, 287 
Stain-Free technology as a normalization tool in Western blot analysis, Anal. Biochem. 433 288 
(2013) 105–111. doi:10.1016/j.ab.2012.10.010. 289 

[17] S.L. Eaton, S.L. Roche, M. Llavero Hurtado, K.J. Oldknow, C. Farquharson, T.H. Gillingwater, 290 
T.M. Wishart, Total Protein Analysis as a Reliable Loading Control for Quantitative 291 
Fluorescent Western Blotting, PLoS One. 8 (2013) 1–7. doi:10.1371/journal.pone.0072457. 292 

[18] B. Rivero-Gutiérrez, A. Anzola, O. Martínez-Augustin, F.S. De Medina, Stain-free detection as 293 
loading control alternative to Ponceau and housekeeping protein immunodetection in 294 
Western blotting, Anal. Biochem. 467 (2014) 1–3. doi:10.1016/j.ab.2014.08.027. 295 

[19] J.E. Gilda, A. V. Gomes, Stain-Free total protein staining is a superior loading control to b-actin 296 
for Western blots, Anal. Biochem. 440 (2013) 186–188. doi:10.1016/j.ab.2013.05.027. 297 

[20] R.C. Brown, A.P. Morris, R.G. O’Neil, Tight junction protein expression and barrier properties 298 
of immortalized mouse brain microvessel endothelial cells, Brain Res. 1130 (2007) 17–30. 299 
doi:10.1016/j.brainres.2006.10.083. 300 

[21] G. Li, M.J. Simon, L.M. Cancel, Z.D. Shi, X. Ji, J.M. Tarbell, B. Morrison, B.M. Fu, Permeability of 301 
endothelial and astrocyte cocultures: In vitro Blood-brain barrier models for drug delivery 302 
studies, Ann. Biomed. Eng. 38 (2010) 2499–2511. doi:10.1007/s10439-010-0023-5. 303 

[22] K.R. Godfrey, P. Tanswell, R. a Bates, M.J. Chappell, F.N. Madden, Nonlinear pharmacokinetics 304 
of tissue-type plasminogen activator in three animal species: a comparison of mathematical 305 
models., Biopharm. Drug Dispos. 19 (1998) 131–40. doi:Doi 10.1002/(Sici)1099-306 
081x(199803)19:2<131::Aid-Bdd87>3.0.Co;2-L. 307 

[23] K. Goasdoue, D. Awabdy, S.T. Bjorkman, S. Miller, Standard loading controls are not reliable 308 
for Western blot quantification across brain development or in pathological conditions, 309 
Electrophoresis. 37 (2016) 630–634. doi:10.1002/elps.201500385. 310 

[24] D.E. Andreev, P.B.F. O’Connor, A. V. Zhdanov, R.I. Dmitriev, I.N. Shatsky, D.B. Papkovsky, P. V. 311 
Baranov, Oxygen and glucose deprivation induces widespread alterations in mRNA 312 
translation within 20minutes, Genome Biol. 16 (2015). doi:10.1186/s13059-015-0651-z. 313 

[25] J.A. Shin, J.C. Yoon, M. Kim, E.M. Park, Activation of classical estrogen receptor subtypes 314 
reduces tight junction disruption of brain endothelial cells under ischemia/reperfusion injury, 315 
Free Radic. Biol. Med. 92 (2016) 78–89. doi:10.1016/j.freeradbiomed.2016.01.010. 316 

[26] A. Jögi, I. Øra, H. Nilsson, A. Lindeheim, Y. Makino, L. Poellinger, H. Axelson, S. Påhlman, 317 
Hypoxia alters gene expression in human neuroblastoma cells toward an immature and 318 
neural crest-like phenotype., Proc. Natl. Acad. Sci. U. S. A. 99 (2002) 7021–6. 319 
doi:10.1073/pnas.102660199. 320 

[27] H. Song, Y. Cheng, G. Bi, Y. Zhu, W. Jun, W. Ma, H. Wu, Release of matrix metalloproteinases-321 
2 and 9 by S-nitrosylated caveolin-1 contributes to degradation of extracellular matrix in tPA-322 
treated hypoxic endothelial cells, PLoS One. 11 (2016) 1–16. 323 
doi:10.1371/journal.pone.0149269. 324 



 10 

[28] K. Mishiro, M. Ishiguro, Y. Suzuki, K. Tsuruma, M. Shimazawa, H. Hara, Tissue plasminogen 325 
activator prevents restoration of tight junction proteins through upregulation of 326 
angiopoietin-2., Curr. Neurovasc. Res. 10 (2013) 39–48. doi:10.2174/156720213804805918. 327 

[29] M.J. Maneen, R. Hannah, L. Vitullo, N. DeLance, M.J. Cipolla, Peroxynitrite diminishes 328 
myogenic activity and is associated with decreased vascular smooth muscle F-actin in rat 329 
posterior cerebral arteries, Stroke. 37 (2006) 894–899. 330 
doi:10.1161/01.STR.0000204043.18592.0d. 331 

[30] H. Torii, H. Kubota, H. Ishihara, M. Suzuki, Cilostazol inhibits the redistribution of the actin 332 
cytoskeleton and junctional proteins on the blood-brain barrier under 333 
hypoxia/reoxygenation, Pharmacol. Res. 55 (2007) 104–110. doi:10.1016/j.phrs.2006.10.010. 334 

[31] M. Coucha, M. Abdelsaid, W. Li, M.H. Johnson, L. Orfi, A.B. El-Remessy, S.C. Fagan, A. Ergul, 335 
Nox4 contributes to the hypoxia-mediated regulation of actin cytoskeleton in cerebrovascular 336 
smooth muscle, Life Sci. 163 (2016) 46–54. doi:10.1016/j.lfs.2016.08.018. 337 

[32] I. Minoura, Towards an understanding of the isotype-specific functions of tubulin in neurons: 338 
Technical advances in tubulin expression and purification, Neurosci. Res. 122 (2016) 1–8. 339 
doi:10.1016/j.neures.2017.04.002. 340 

[33] K. Kumar, S. Savithiry, B. V Madhukar, Comparison of a-tubulin mRNA and heat shock protein-341 
70 mRNA in gerbil brain following 10 min of ischemia, (1993) 130–136. 342 

[34] T. Hatakeyama, M. Matsumoto, J.M. Brengman, T. Yanagihara, Immunohistochemical 343 
investigation of ischemic and postischemic damage after bilateral carotid occlusion in gerbils., 344 
Stroke. 19 (1988) 1526–1534. 345 

[35] D. Zhai, S. Li, M. Wang, K. Chin, F. Liu, Disruption of the GluR2/GAPDH complex protects 346 
against ischemia-induced neuronal damage, Neurobiol. Dis. 54 (2013) 392–403. 347 
doi:10.1016/j.nbd.2013.01.013. 348 

[36] C. Gubern, O. Hurtado, R. Rodríguez, J.R. Morales, V.G. Romera, M.A. Moro, I. Lizasoain, J. 349 
Serena, J. Mallolas, Validation of housekeeping genes for quantitative real-time PCR in in-vivo 350 
and in-vitro models of cerebral ischaemia, BMC Mol. Biol. 10 (2009) 57. doi:10.1186/1471-351 
2199-10-57. 352 

[37] M. Meldgaard, C. Fenger, K.L. Lambertsen, M.D. Pedersen, R. Ladeby, B. Finsen, Validation of 353 
two reference genes for mRNA level studies of murine disease models in neurobiology, J. 354 
Neurosci. Methods. 156 (2006) 101–110. doi:10.1016/j.jneumeth.2006.02.008. 355 

[38] M. Iizuka, Quantitative RT-PCR Assay Detecting the Transcriptional Induction of Vascular 356 
Endothelial Growth Factor Under Hypoxia, Biochem. Biophys. Res. Commun. 205 (1994) 357 
1474–1480. doi:10.1006/bbrc.1994.2831. 358 

[39] M. Castellanos, C. Gubern, E. Kadar, Chapter 7 – mTOR: Exploring a New Potential 359 
Therapeutic Target for Stroke, in: Mol. to Med. with mTOR, 2016: pp. 105–122. 360 
doi:10.1016/B978-0-12-802733-2.00012-8. 361 

[40] S. Won, J.H. Lee, B. Wali, D.G. Stein, I. Sayeed, Progesterone attenuates hemorrhagic 362 
transformation after delayed tPA treatment in an experimental model of stroke in rats: 363 
involvement of the VEGF-MMP pathway., J. Cereb. Blood Flow Metab. 34 (2014) 72–80. 364 
doi:10.1038/jcbfm.2013.163. 365 

[41] R. Cai, W. Xue, S. Liu, R.B. Petersen, K. Huang, L. Zheng, Overexpression of Glyceraldehyde 3-366 



 11 

phosphate dehydrogenase prevents neurovascular degeneration after retinal injury, FASEB J. 367 
29 (2015) 2749–2758. doi:10.1096/fj.14-265801. 368 

 369 

370 



 12 

Figure legends 371 

Figure 1 | Stain-Free gel image with schematic representation of quantification method. The fluorescent signal 372 

allows to detect total protein loaded in each lane and use it to normalize the results. The intensity average of 373 

each lane was quantified taking the space between lanes as a background as it is showed (L1: lane 1; B1: 374 

background 1; and the same for 2, 3 and 4). 375 

Figure 2 | Cellular survival rate tested in the fourth conditions analyzed: CTR, CTR + rt-PA, OGD and OGD + rt-376 

PA after 2.5 hours of OGD and the subsequent reperfusion periods. *p < 0.05 vs CTR, # < 0.05 vs CTR + rt-PA, 377 

**p < 0.05 vs OGD. Data represent the mean of n = 3-4 independent experiments and error bars indicate the 378 

standard error of the mean (SEM). 379 

Figure 3 |Stain-Free gel image of a representative experiment. bEnd.3 cells were subjected to 2.5 hours of 380 

OGD and/or rt-PA administration and 10 ug of total cell lysates were loaded in each lane. Total protein bands 381 

were visible due to trihalo compounds that allowed its rapid fluorescent detection.  382 

Figure 4 | Protein levels of β-Actin, α-Tubulin, GAPDH and HPRT in bEnd.3 cells after 2.5 hours of OGD and/or 383 

rt-PA administration. 10 ug of total cell lysates from the four experimental groups were prepared and 384 

subjected to Western blot analysis (A). Protein levels of β-Actin, α-Tubulin, GAPDH and HPRT at 3, 6, 24 and 72 385 

hours of reperfusion (B-E) were obtained using total protein a loading control. *p < 0.05 vs CTR, # < 0.05 vs CTR 386 

+ rt-PA. Data represent the mean of n = 3-4 independent experiments and error bars indicate the standard 387 

error of the mean (SEM). 388 
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