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Supplementary Table 1. Real-time primers used for mRNA quantification 
 

 
Genes 

 
 
Primers 

36b4 
Fw GGCCCTGCACTCTCGCTTTC 

Rv TGCCAGGACGCGCTTGT 

Tnf 
Fw ACCCTCACACTCAGATCATCTTC 
Rv TGGTGGTTTGCTACGACGT 

Il6 
Fw ACAACCACGGCCTTCCCTACTT 

Rv CACGATTTCCCAGAGAACATGTG 

Il1b 
Fw CTGGTGTGTGACGTTCCCATTA 

Rv CCGACAGCACGAGGCTTT 

Atf3 
Fw ATGTCAGTCACCAAGTCTGAGGC 

Rv CCTTTTCCTCTCATCTTCTTCAGG 

Atf6 
Fw TGGGAGTGAGCTGCAAGTGT 

Rv ATAAGGGGGAACCGAGGAG 

Chop Fw CCACCACACCTGAAAGCAGAA 

Rv AGGTGAAAGGCAGGGACTCA 

Grp78 
Fw GTTCTTGCCATTCAAGGTGG 

Rv TGGTACAGTAACAACTGCATG 

Gadd34 
Fw CCCTCCAACTCTCCTTCTTCAG 

Rv CAGCCTCAGCATTCCGACAA 

Xbp1t 
Fw GAGCAGCAAGTGGTGGATTT 

Rv CCGTGAGTTTTCTCCCGTAA 

Xbp1s 
Fw GAGTCCGCAGCAGGTG 

Rv GTGTCAGAGTCCATGGGA 

Trib3 
Fw CACCTCCCGCCTCAGACTT 

Rv GTAGGCAGCCGGGCATAA 

Cd11b Fw TTACCTGGGTTATGCTTCTGCAG 

Rv AAGCTTTGGACACGGTTCCTC 

Emr1 
Fw CTTTGGCTATGGGCTTCCAGTC 

Rv GCAAGGAGGACAGAGTTTATCGTG 

Atf4 
Fw CTATGGATGATGGCTTGGCC 

Rv CCGGAAAAGGCATCCTCC 
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Supplementary Figure 1. Gene ontology analysis of the 122 genes that were upregulated by palmitate 
in the absence of TLR4. Top 25 significantly enriched processes are shown. Underlined processes 
indicate that they are closely related to the ATF4 pathway.   
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Supplementary Figure 2. Palmitate activates the ATF4 pathway in the absence of TLR4 in 
macrophages. a-b) RAW264 macrophages were pretreated with 1 mM 2-AP (PKRi: a PKR inhibitor) or 
1 μM GSK2606414 (PERKi: a PERK inhibitor) for 16 h, then either stimulated with 500 μM palmitate 
(Pal), 1 ng/ml tunicamycin (Tu) or vehicle (Veh; BSA for Pal, DMSO for Tu) for 8 h. a) Western 
blotting of cytoplasmic (for P-eIF2α and eIF2α) and nuclear (for ATF4 and lamin A/C) fractions. b) 
Expression levels of ATF4 target genes (** P < 0.01, *** P < 0.001, n = 3). c) Western blotting of 
nuclear extracts from Tlr4+/+ and Tlr4-/- peritoneal macrophages. Cells were stimulated with 500 μM 
palmitate (Pal) or BSA (Veh) for 8 h. d) Expression levels of unfolded protein response and 
proinflammatory cytokine genes in Tlr4+/+ and Tlr4-/- bone marrow-derived macrophages (BMDMs) 
stimulated with palmitate (Pal) or BSA (Veh) for 24 h (* P < 0.05, ** P < 0.01, *** P < 0.001, n = 3). 
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Supplementary Figure 3. Saturated fatty acids activate the ATF4 pathway in RAW264 macrophages. 
a) RAW264 macrophages were stimulated with 200 μM palmitate (Pal) or 200 μM stearate (Ste) for 24 
h. Expression levels of Atf4 and its target genes were measured (** P < 0.01, *** P < 0.001, n = 4). b) 
Control (shGFP) and ATF4-knockdown (shATF4) RAW264 macrophages were pretreated with oleate 
(Ole) or eicosapentaenoic acid (EPA) for 16 h, then stimulated with 200 μM palmitate (Pal) or BSA 
(Veh) for 24 h. Expression levels of Atf4 and its target genes were measured (*** P < 0.001, n = 4). c) 
RAW264 macrophages were pretreated with 2 μM SCD-1 inhibitor (SCD1i) or DMSO (Veh) for 24 h. 
Expression levels of ATF4 target genes and Il6 were measured (*** P < 0.001, n = 4). 
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Supplementary Figure 4. ATF4-knockdown attenuates SFA-induced proinflammatory cytokine 
expression in RAW264 macrophages. a) Expression levels of Atf4, Trib3 and Il6 in Control (shGFP) and 
ATF4-knockdown (shATF4#1 and #2) RAW264 macrophages stimulated with 200 μM palmitate (Pal) 
or BSA (Veh) for 24 h. b) Western blotting of nuclear extracts from control (shGFP) and ATF4-
knockdown (shATF4#2) RAW264 macrophages treated with 1 μM thapsigargin (Tg) or DMSO (Veh) 
for 4 h. Representative blots (left) and quantitative results (right) are shown (* P < 0.05, n = 4). c) 
Control (shGFP) and ATF4-knockdown (shATF4#2) RAW264 macrophages were treated with 200 μM 
palmitate (Pal), 200 μM stearate (Ste), or BSA (Veh) for 24 h. Expression levels of proinflammatory 
cytokines and Xbp1s were measured (* P < 0.05, ** P < 0.01, n = 4). d) Control (shGFP) and ATF4-
knockdown (shATF4) RAW264 macrophages were treated with 1 μM thapsigargin. Expression levels of 
Il6 were measured at the indicated time points (** P < 0.01, *** P < 0.001, n = 3). 
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Supplementary Figure 5. Atf4 haploinsufficiency attenuates ER stress-induced Il6 expression in splenic 
macrophages. Atf4+/+ (n = 6) and Atf4+/- (n = 5) mice were intraperitoneally injected with tunicamycin 
(Tu) 1 mg/kg or DMSO (Veh). Sixteen h after injection, mice were sacrificed, and splenic CD11b-
positive (CD11b (+)) and negative (CD11b (-)) cells were purified using anti-CD11b magnetic beads. a) 
Expression levels of representative macrophage markers in CD11b (+) and CD11b (-) populations were 
analyzed (*** P < 0.001). b) Expression levels of Atf4 , Trib3 and Il6 were analyzed (* P < 0.05). 
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Supplementary Figure 6. Activation of the ATF4 pathway augments lipid A-induced proinflammatory 
cytokine expression in RAW264 macrophages. a) RAW264 macrophages were stimulated with 10 ng/ml 
lipid A for 4 h following pretreatment with thapsigargin (Tg, 0.1, 0.3 and 1.0 μM) or DMSO (Veh) for 2 
h. Expression levels of proinflammatory cytokines were measured (** P < 0.01, *** P < 0.001, n = 4). 
b) Control (shGFP) and ATF4-knockdown (shATF4 #2) RAW264 macrophages were stimulated with 
10 ng/ml lipid A for 4 h following pretreatment with 0.3 μM thapsigargin (Tg) or DMSO (Veh) for 2 h. 
Expression levels of Atf4 and proinflammatory cytokines were measured (*** P < 0.001, n = 4). c) 
Atf4+/+ and Atf4-/- MEFs were stimulated with 10 ng/ml lipid A 4 h following pretreatment with 0.5 
μM thapsigargin (Tg) or DMSO (Veh) for 2 h. Expression levels of Il6 were measured (*** P < 0.001, n 
= 4). d) Control (shGFP) and ATF4-knockdown (shATF4 #2) RAW264 macrophages were pretreated 
with 50 μM salubrinal (Sal) or DMSO (Veh) for 4 h, then stimulated with 10 ng/ml lipid A for 4 h. 
Expression levels of Atf4 and proinflammatory cytokines were measured (* P < 0.05, ** P < 0.01, *** P 
< 0.001, n = 3). e) RAW264 macrophages were pretreated with 50 μM salubrinal (Sal) or DMSO (Veh) 
for 4 h, then stimulated with 10 ng/ml lipid A for 4 h. Levels of IL6 in culture media were measured (** 
P < 0.01, n = 3). f) RAW264 cell lines were pretreated for 2 h with azetidine (AZC, 1 mM and 2 mM) or 
PBS (veh), then stimulated with 10 ng/ml lipid A for 4 h. Expression levels of the ATF4 pathway and 
proinflammatory cytokines were measured (** P < 0.01, *** P < 0.001, n = 3). 
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Supplementary Figure 7. The Il6 promoter luciferase assay in RAW264 macrophages. RAW264 
macrophages were transiently transfected with various truncate luciferase constructs with rat Il6 
promoter. Twenty four h following transfection, cells were stimulated with 100 ng/ml LPS for 24 h (* P 
< 0.05, *** P < 0.001, n = 4). 
 

 

 


