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Approximately half of all critically ill patients in the intensive care unit (ICU) develop 36 

multiorgan dysfunction1, which is responsible for 30% of deaths worldwide2,3. Besides life-37 

supporting treatments, no cure exists for multiorgan dysfunction and its mechanisms are 38 

still poorly understood4. Catalytic iron is a detrimental factor associated with ICU 39 

mortality5,6 and is known to cause free radical-mediated cellular toxicity7. As such, 40 

catalytic iron is thought to induce excessive lipid peroxidation7, the main characteristic of 41 

an iron-dependent type of cell death conceptualized as ferroptosis8,9. Here we show that 42 

pharmacological targeting of ferroptosis with our most potent ferrostatin-analogue10 43 

rescues from death in acute single and multiorgan dysfunction in mice, but not sepsis. 44 

Daily monitoring of critically ill ICU patients revealed that the peak level of 45 

malondialdehyde, reflecting excessive lipid peroxidation, correlates with multiorgan 46 

dysfunction and death. Our results demonstrate that ferroptosis targeting is life-saving in 47 

experimental models of critical illness and that monitoring of malondialdehyde can allow 48 

patient stratification. Therefore, controlling the extent of ferroptosis in non-septic 49 

patients with multiorgan dysfunction could become a novel treatment for one of the major 50 

causes of global deaths. 51 

The authors have declared that no conflict of interest exists.  52 
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Patients who suffer from critical illness after an inciting event, for instance major trauma, 53 

surgery, or infection4, frequently require intensive care unit (ICU) support. Critical illness is 54 

characterized by multiple organ dysfunction syndrome (MODS), often referred to as multiorgan 55 

dysfunction. The extent of organ dysfunction in critically ill patients is correlated to an increase 56 

in plasma catalytic iron6,11,12 also known as labile iron or non-transferrin bound iron, which is 57 

a transitional pool of both extra- and intracellular iron. An excess of iron can be sufficient to 58 

induce ferroptosis13,14, a necrotic cell death type caused by iron-dependent peroxidation of 59 

polyunsaturated phospholipids in cell membranes15,16, resulting in cell rupture17,18. Therefore, 60 

we hypothesized that ferroptosis might be a detrimental factor in multiorgan dysfunction. 61 

Noteworthy, iron chelation or treatment with the natural lipophilic radical trap vitamin E, which 62 

are both protectants against ferroptosis, have been used to treat iron overdose induced 63 

multiorgan dysfunction19,20.  64 

Plasma catalytic iron and malondialdehyde associate with multiorgan dysfunction and 65 

death 66 

To investigate the association between catalytic iron (Fec), excessive lipid peroxidation, 67 

multiorgan dysfunction and death, the levels of Fec and malondialdehyde (MDA), a lipid 68 

peroxidation degradation end product, were retrospectively analyzed in plasma of 176 critically 69 

ill adult patients enrolled in a prospective cohort study21. In this cohort, the median age was 60 70 

(51-70) years. At enrolment, the median sequential organ failure assessment (SOFA) score was 71 

9 (7-11), with 57% of patients suffering from sepsis and 25% of patients having septic shock. 72 

The 30-day mortality rate was 23%. To monitor the dynamic fluctuations in these patients, 73 

blood was sampled daily for up to 7 days. We found that the maximum value of Fec (Fec
max) 74 

per patient showed a significant positive correlation with the SOFA score, reflecting the extent 75 

of organ dysfunction (Fig. 1a). The Fec
max values of patients who succumbed to their illness 76 

were significantly higher than those of surviving patients (Fig. 1b), and higher Fec
max values 77 

were found for septic shock patients compared to sepsis patients (Fig. 1c, Extended data Fig. 78 

1a-g). Similarly to Fec
max values, the maximum value of MDA (MDAmax) per patient also 79 

showed a significant positive correlation with the SOFA score (Fig. 1d) and was significantly 80 

higher in the deceased group than in patients who survived (Fig. 1e). In contrast to Fec
max, we 81 

found no association of MDAmax values with either sepsis or septic shock (Fig. 1f and Extended 82 

data Fig. 1h-n). It is well-known that an acute phase response during infection upregulates host 83 

proteins to control free iron22, which might explain the dampened ferroptosis signature during 84 

sepsis. Consistent with a stronger association of MDAmax than Fec
max with death, only MDA 85 
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values were significantly higher in the deceased group when analyzed per day (Extended data 86 

Fig. 2a-n). A positive correlation between Fec and MDA within patients is evident from the Fec 87 

levels being significantly higher on the day a patient reached MDAmax compared to the day of 88 

the minimum MDA value (MDAmin) (Fig. 1g). Interestingly, these MDAmax values revealed a 89 

bimodal distribution for the deceased patients (Fig. 1h). Stratification of all patients based on 90 

the local minimum showed that patients with an MDAmax >2.85 µM, representing 24.4% of all 91 

patients, had a significantly lower survival probability (Fig. 1i). In fact, within this subgroup, 92 

48% deceased within 30-day follow-up. A more stringent selection, based on the local 93 

maximum of the second peak (i.e. MDAmax of 3.38 µM) resulted in an even higher mortality 94 

risk (Extended data Fig. 2o,p). These findings were confirmed by a Cox proportional hazards 95 

regression analysis where a 2-fold increase in either MDAmax or Fec on the corresponding day 96 

a patient reached MDAmax resulted in an increase of the daily hazard of death of respectively 97 

90 and 40%, after adjustment for age and SOFA score (Extended data Fig. 2q). In summary, 98 

these data indicate an association between plasma Fec, excessive lipid peroxidation, the 99 

development of multiorgan dysfunction, and an increased mortality risk. Patients with septic 100 

shock also showed higher maximum levels of Fec compared to patients with sepsis, which was 101 

not observed for their MDAmax values. Hence, ferroptosis targeting should be considered as a 102 

therapeutic strategy to dampen excessive lipid peroxidation in non-septic patients with 103 

multiorgan dysfunction.  104 

Experimental iron overload induces multiorgan dysfunction through ferroptosis 105 

To mimic increased levels of Fec observed in critically ill patients, an experimental iron 106 

overload model in C57BL/6N mice was set up. Based on human case reports of iron 107 

intoxication, intraperitoneal injection of iron(II) sulphate heptahydrate (FeSO4) was presumed 108 

to cause multiorgan dysfunction19,20. We determined 300 mg/kg FeSO4 to be the minimal dose 109 

needed to overrule the systemic buffer capacity and induce multiorgan injury (Extended data 110 

Fig. 3a-d). A steady increase in iron was observed in several organs as a function of time, which 111 

was most prominent in the ileum, while plasma iron levels peaked shortly after injection and 112 

subsequently dropped (Fig. 2a and Extended data Fig. 3e). Various plasma injury markers were 113 

elevated within 30 minutes (min) and all increased further as a function of time (Fig. 2b and 114 

Extended data Fig. 3f). Besides measuring plasma lactate hydrogenase (LDH) as a general 115 

biomarker for necrosis, we also monitored aspartate aminotransferase (AST) and alanine 116 

aminotransferase (ALT) to reflect liver injury, creatinine (Cr) and urea to monitor kidney 117 

function, myoglobin (Mb) and creatine kinase (CK) to assess muscle injury, troponin T to 118 
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quantify myocardial injury and ferritin to investigate iron dysbiosis. Except for Cr and Mb, 119 

which peaked at 2h post-iron overload, all other injury biomarkers peaked at 12h. The 120 

exceptionally high levels of CK mainly originated from skeletal muscle tissue, as opposed to 121 

heart or smooth muscle tissue (Extended data Fig. 4a-b). MDA levels were determined to 122 

monitor excessive lipid peroxidation in multiple organs. A rapid increase, peaking at 30 min to 123 

1h after FeSO4 injection, was observed in kidney, liver, ileum and skeletal muscle tissue, as 124 

well as in plasma (Fig. 2c and Extended data Fig. 3g). In addition, an increased number of dead 125 

cells as a function of time was detected in kidney, liver and ileum tissue, reflected by a terminal 126 

deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining (Fig. 2d-g). 127 

Hematologic analysis revealed leukocytosis, in particular neutrophilia and lymphopenia, which 128 

is also typically observed in patients with acute iron overload23 (Extended data Fig. 4c,d). 129 

Lastly, plasma analysis of a panel of cytokines and chemokines displayed elevated levels of 130 

interleukin (IL)-6 upon acute iron overload (Extended data Fig. 4e), likely representing a 131 

compensatory mechanism to inhibit intestinal iron uptake through hepcidin upregulation24. 132 

Increased levels of iron and consequent MDA pointed to the fact that ferroptosis rather than 133 

other modes of cell death is primarily responsible for the organ damage. Indeed, mice 134 

expressing a kinase dead variant of receptor interacting protein kinase 1 (RIPK1; Ripk1ki/ki) in 135 

which RIPK1 kinase-dependent apoptosis and necroptosis is blocked25, showed no protection 136 

against acute iron overload (Extended data Fig. 5a). Several modes of regulated necrosis 137 

mediated by RIPK3, Poly (ADP-Ribose) polymerase 1 (PARP1) and Cyclophilin D (CYPD, 138 

encoded by the ppif gene) have been reported to contribute to renal ischemia reperfusion injury 139 

and/or consequent lung remote injury26-28. Upon acute iron overload, mice deficient in RIPK3, 140 

CYPD and PARP1 (Ripk3-/-;Ppif-/-;Parp1-/-) only showed a mild drop in some plasma injury 141 

biomarkers compared to wild type (WT) mice (Extended data Fig. 5b,d). However, the 142 

reduction in organ damage was stronger upon overexpression of glutathione peroxidase 4 143 

(GPX4) (GPX4Tg/+; Extended data Fig. 5c,e), which inhibits ferroptosis by reducing 144 

phospholipid-hydroperoxides to their alcohol form29. This protective effect of GPX4 145 

overexpression was also observed in mice triple-deficient in RIPK3, CYPD and PARP1 146 

(Extended data Fig. 5b). As a reverse strategy, we used mice that express a catalytically inactive 147 

form of GPX4 (cysteine-variant; Gpx4fl/cys R26CreERT2Tg/+), referred to as ferroptosis sentinel 148 

mice30. Due to the inferior reductive capacity of this cysteine-variant to reduce phospholipid-149 

hydroperoxides, these mice are sensitized to ferroptosis30,31. When subjected to acute iron 150 

overload, they showed a strong sensitization with significantly higher levels of plasma injury 151 

biomarkers compared to their littermate controls (Extended data Fig. 6a). Finally, we used a 152 
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dietary approach by feeding the mice for 6 weeks with synthetic diets containing different 153 

amounts of vitamin E (dl-α-tocopheryl acetate), as a natural lipophilic radical trap inhibiting 154 

ferroptosis32,33. A high dietary dose of vitamin E reduced the plasma injury biomarkers after 155 

iron overload, while a near to deficient vitamin E diet strongly sensitized with sudden death as 156 

a result (Extended data Fig. 6b). These findings highlight ferroptosis as a key detrimental factor 157 

in iron overload induced multiorgan dysfunction. 158 

UAMC-3203 is a life-saving candidate lead ferroptosis inhibitor protecting against 159 

multiorgan dysfunction 160 

The ester-moiety in the ferroptosis inhibitor ferrostatin1 (Fer1) is susceptible to esterase-161 

catalyzed hydrolysis making it unfavorable for in vivo use. Therefore, we developed several 162 

novel Fer1 analogues with improved stability, efficacy and solubility10,34. An in vivo 163 

pharmacokinetic (PK) study with UAMC-3203 (Fig. 3a), a selected candidate lead inhibitor, 164 

was performed in mice after intravenous bolus administration. The plasma concentration-time 165 

profile (Extended data Fig. 7a) was best described using a 2-compartment model. A terminal 166 

half-life (t1/2) of around 3-4h was determined for plasma, kidney, lung, and intestine, with t1/2 167 

of muscle being slightly shorter (2h) (Extended data Fig. 7b,c). The median blood to plasma 168 

ratio was 0.89 (data not shown), indicating minimal binding to blood cells. UAMC-3203 169 

showed an extensive tissue distribution with tissue-to-plasma ratios ranging from 10.5 to 219. 170 

Total exposure (area under the curve, AUC) was about 7 times higher in kidney as compared 171 

to intestine and muscle, and about 21 times higher than in lung. Based on the bioanalytical 172 

profiles, we predict that UAMC-3203 was metabolized in the liver. In spinal fluid and brain, 173 

UAMC-3203 was detected only 15 min after administration, and was not detected at 45 min 174 

post-administration, implying no or minor crossing of the blood-brain barrier. Based on the 175 

favorable in vivo PK profile of UAMC-3203, we first analyzed its efficacy to block iron 176 

overload induced multiorgan dysfunction compared to Fer1. UAMC-3203 proved to be superior 177 

to Fer1, based on the level of reduction in plasma injury biomarkers LDH, CK, AST and ALT 178 

(Fig. 3 b-d and Extended data Fig. 7d), MDA (Fig. 3e), as well as body temperature (Extended 179 

data Fig. 7e). Flow cytometric analysis of liver and kidney cell suspensions stained with C11-180 

BODIPY (reflecting lipid peroxidation) illustrated an overall superior in vivo dampening of 181 

lipid peroxidation by UAMC-3203 compared to Fer1 (Fig. 3f and Extended data Fig. 7f). 182 

Interestingly, treatment with UAMC-3203 had no effect on the plasma injury biomarkers in 183 

Tumor necrosis factor (TNF)-induced systemic inflammatory response syndrome (Extended 184 

data Fig. 8a) or cecal ligation and puncture (CLP) induced septic shock (Extended data Fig. 8b). 185 
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Similarly, mice overexpressing GPX4 showed no or even slightly decreased survival after 186 

respectively CLP- or lipopolysaccharide (LPS)-induced lethal shock (Extended data Fig. 8c,d). 187 

This could imply that ferroptosis inhibition is a promising strategy to control non-septic patients 188 

with multiorgan dysfunction (e.g. trauma), while for septic shock patients with multiorgan 189 

dysfunction a combination treatment might be needed to control systemic inflammation as well, 190 

as we previously reported viz. simultaneous neutralization of IL-1 and -1835. Noteworthy, 191 

reduced levels of plasma iron were detected after TNF or CLP challenge (Extended data Fig. 192 

8e,f), presumably as a protective strategy to limit microbial growth in an attempt to reduce their 193 

iron uptake24,36. Consequently, the impact of Fec-induced multiorgan dysfunction might be less 194 

in the case of sepsis or septic shock.  195 

Considering the high mortality in critically ill patients with multiorgan dysfunction, we 196 

analyzed the potency of UAMC-3203 to protect against multiorgan dysfunction and death. 197 

Using an optimized repeated injection scheme (every 8h), UAMC-3203 almost completely 198 

protected against this severe model of iron overload induced lethality (Fig. 3g). To determine 199 

the efficacy of UAMC-3203 in blocking ferroptosis in the liver or kidney, we also generated 200 

inducible renal tubular epithelial (Gpx4RTEKO) and hepatocyte specific Gpx4-deficient mice 201 

(Gpx4HEPKO) (Fig. 3h and Extended data Fig. 9a,b). Both Gpx4RTEKO and Gpx4HEPKO mice 
202 

developed respectively ferroptosis-driven acute kidney or liver dysfunction upon tamoxifen 203 

(TAM) application and consequently died. Already 6 days after the last TAM injection, 204 

Gpx4RTEKO mice showed an increase in Cr and urea accompanied by extensive necrosis of the 205 

proximal tubules (Fig. 3i,j and Extended data Fig. 9c). In particular, atypical cellular debris in 206 

the form of PAS-positive granules was observed, whereas the glomeruli appeared with dilated 207 

bowman´s spaces (Fig. 3i). Daily injection of UAMC-3203 following TAM treatment in 208 

Gpx4RTEKO mice could significantly delay death (Fig. 3k). In renal ischemia reperfusion injury, 209 

UAMC-3203 also protected by attenuating tubular damage in the kidney (Extended data Fig. 210 

9d,e). In the case of ferroptosis-driven acute liver injury, Gpx4HEPKO mice showed very high 211 

ALT, AST and LDH levels concomitant with severe cell death and morphological liver tissue 212 

changes (Fig. 3l,m and Extended data Fig. 9f) when sacrificing the mice upon a drop in body 213 

temperature. Tissue damage was characterized by enlarged nuclei, chromatin aberrations and 214 

paling of both the hepatocellular nuclei and cytoplasm, likely reflecting death cell corpses (Fig. 215 

3l). In the centrilobular region, mild inflammatory infiltrates were detected (Arrow heads Fig. 216 

3l). For Gpx4HEPKO mice, UAMC-3203 treatment showed a strong protection against TAM-217 

induced acute liver dysfunction and subsequent death (Fig. 3n), with almost normalized liver 218 

plasma injury biomarkers by day 21 when the mice were sacrificed (Extended data Fig. 9g). 219 
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This outcome strongly contrasted with the inability of Fer1 to rescue the mice or prolong 220 

survival (Fig. 3n). The superior life-saving activity of UAMC-3203 in liver compared to kidney 221 

might be due to the conversion of UAMC-3203 in the liver to a more active metabolite, which 222 

is still under investigation.  223 

In conclusion, we found that the severity of multiorgan dysfunction and the probability of death 224 

among critically ill patients is associated with plasma Fec levels and excessive lipid 225 

peroxidation. Based on elevated levels of lipid peroxidation, a subpopulation was identified to 226 

be at considerably higher risk of death, making MDA measurements a promising prognostic 227 

tool. While critical illness displays a high level of complexity, the association of elevated iron 228 

and lipid peroxidation levels with poor outcome suggests that ferroptosis can be a detrimental 229 

factor during the onset and progression of MODS. These findings shed new light on previous 230 

observations in critically ill patients indicating an association between plasma Fec
6,11,12 or MDA 231 

levels37,38 and worsening of the disease. Indeed, mirroring increased levels of Fec in critically 232 

ill patients, we showed that excessive iron is able to induce multiorgan dysfunction in mice, 233 

which is dominantly driven by ferroptosis through excessive lipid peroxidation induced injury. 234 

This finding strengthens our hypothesis that Fec, via oxidation of cellular membrane 235 

phospholipids, can initiate ferroptosis and subsequent multiorgan injury in critically ill patients. 236 

Here, we show that UAMC-3203 outperforms Fer1 in vivo in its ability to reduce multiorgan 237 

injury and prevent death. Together, these results uncovered that targeting of ferroptosis might 238 

be a valuable novel therapeutic strategy for patients with either acute single or multiorgan 239 

dysfunction, which remains one of the major life-threatening conditions in critical illness. 240 

Plasma MDA levels can allow patient stratification for future treatment with candidate lead 241 

ferroptosis inhibitors. The Fer1-analogue UAMC-3203, or a new derivative thereof, should be 242 

considered a superior ferroptosis inhibitor for clinical translation. 243 
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Figures

Figure 1

Maximum plasma MDA levels in critically ill patients are associated with plasma catalytic iron (Fec)
levels, SOFA score and mortality. a, Scatter plot showing the positive association between the log-
transformed values for maximum catalytic iron (Fec max) concentration per patient and the
corresponding SOFA scores of that day. b, Boxplots showing the log-transformed Fec max values of



patients who passed away within 30 days and those who survived. c, Boxplots showing the log-
transformed Fec max values of all patients grouped by the presence of sepsis, septic shock or non-septic
MODS. d, Scatter plot showing the positive association between the log-transformed values for maximum
MDA (MDAmax) concentration per patient and the corresponding SOFA scores of that day. e, Boxplots
showing the log-transformed MDAmax values of patients who passed away within 30 days and those
who survived. f, Boxplots showing the log-transformed MDAmax values of all patients grouped by the
presence of sepsis, septic shock or non-septic MODS. g, Boxplots showing the log-transformed Fec
values on the day of MDAmin (light blue) and MDAmax (dark blue) for each individual patient (grey
lines). h, Histogram representing the density distribution of MDAmax values for both the patients who
survived (black) versus those who died (red) within 30 days. i, Survival curves representing the patients
with values of MDAmax < 2.85 μM (light blue) and MDAmax ≥ 2.85 μM (dark blue). a, d, Spearman’s rank
correlation coe�cient for continuous variables. b, e, Wilcoxon–Mann–Whitney. c, f, Kruskal-Wallis
(omnibus) and Wilcoxon- Mann-Whitney (pairwise) test. g, Paired Wilcoxon signed-rank test. i, Log-Rank
test. Error bars represent SEM; *P < 0.05; ****P < 0.0001.



Figure 2

Acute iron overload in mice causes multiorgan failure due to excessive lipid peroxidation. a, Heatmap
representing the relative iron levels after acute iron overload as a function of time. The combined results
of 3 independent experiments are shown (total n = 5-6/timepoint). b, Heatmap representing the relative
increase in creatine kinase (CK), lactate dehydrogenase (LDH), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), troponin T (Trop T), creatinine (Cr), urea, myoglobin (Mb) and ferritin after acute



iron overload as a function of time in plasma. The combined results of minimum 3 independent
experiments are shown (n = 6-13/time point). c, Heatmap representing the relative MDA levels after acute
iron overload as a function of time. The combined results of 3 independent experiments are shown (total
n = 5-8/time point). d, Immunohistochemical staining for TUNEL in kidney, liver and ileum 6 h after acute
iron overload. Fluorescent photomicrographs representative for the outcome of 3 independent
experiments (total n=4-7/ time point) are shown. Scale bar represents 200 μm. e-g, Quanti�cation of
immunohistochemical staining for TUNEL in kidney, liver and ileum sections after acute iron overload in
function of time. The combined results of 3 independent experiments are shown (total n = 4-7/time
point). e, f, g, Pairwise T statistics. Error bars represent SEM; *P < 0.05; **P < 0.01; ***P < 0.001; ****P <
0.0001.



Figure 3

Candidate lead ferroptosis inhibitor (UAMC-3203) is life-saving in different ferroptosis-driven models of
(multi)organ injury. a, Chemical structure of UAMC-3203. b-d, Plasma levels of LDH, CK and AST 8h after
acute iron overload for mice treated with vehicle (2% DMSO), Fer1, or UAMC-3203. The combined results
of minimum 2 independent experiments are shown (total n = 3-9/condition). e, Heatmap representing the
relative MDA levels for kidney and liver 2h after acute iron overload for mice treated with vehicle (2%



DMSO), Fer1 or UAMC-3203. The combined results of 2 independent experiments are shown (total n = 5-
7/time point). f, Relative measure of lipid peroxidation in liver tissue detected by �ow cytometry in the
form of oxidized C11- BODIPY (oxC11-BPY) staining 30 min after acute iron overload for mice treated
with vehicle (2% DMSO), Fer1 or UAMC-3203. The combined results of 3 independent experiments are
shown (total n = 6- 9/condition). g, Survival curve after acute iron overload for mice treated 3 times daily
with vehicle (0.9% NaCl) or UAMC-3203. The combined results of 2 independent experiments are shown
(total n = 8/group). h, Schematic representation of tamoxifen (TAM) i.p. injection regime (green triangles)
of Gpx4�/� AlbCreERT2Tg/+ mice or Gpx4�/� CDH16CreERT2Tg/+ mice, resulting in respectively acute
liver or kidney injury and subsequent death. i, (Immuno)histochemical staining of kidney tissue of
Gpx4�/� CDH16CreERT2Tg/+ mice which were sacri�ced once a human endpoint was reached, with
Periodic acid– Schiff's (PAS) and TUNEL staining. Photomicrographs representative for the outcome of 2
independent experiments (total n=6-7/ condition) are shown. Scale bar represents 200 μm. j, Plasma Cr
level of Gpx4�/� CDH16CreERT2Tg/+ mice which were sacri�ced 6 days after TAM administration. The
combined results of minimum 2 independent experiments are shown (total n = 10-17/condition). k,
Survival curve of Gpx4�/� CDH16CreERT2Tg/+ mice treated daily with vehicle (2% DMSO), Fer1 or
compound UAMC-3203 starting two days prior to TAM-mediated Cre activation. The combined results of
3 independent experiments are shown (total n = 8-10/group). l, (Immuno)histochemical staining of liver
tissue of Gpx4�/� AlbCreERT2Tg/+ mice which were sacri�ced once a human endpoint was reached, with
(on top) H&E and (below) TUNEL staining. Photomicrographs representative for the outcome of 2
independent experiments (total n=8/ condition) are shown. Scale bar represents 200 μm. m, Plasma ALT
level of Gpx4�/� AlbCreERT2Tg/+ mice which were sacri�ced once a human endpoint was reached. The
combined results of 2 independent experiments are shown (total n = 5/condition). n, Survival curve of
Gpx4�/� AlbCreERT2Tg/+ mice treated daily with vehicle (2% DMSO), Fer1 or compound UAMC-3203
starting one day after TAMmediated Cre activation. The combined results of minimum 2 independent
experiments are shown (total n = 5-7/group). b, c, d, f, Fisher’s unprotected LSD test. g, m, n, Mantel-Cox
test. k, l, Pairwise T statistics. Error bars represent SEM; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
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