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Comment on “ALK is a therapeutic target
for lethal sepsis”
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Physiologically relevant ALK (anaplastic lymphoma kinase) expression was not detected in human and mouse
monocytes and macrophages, suggesting that the effects of bioactive compounds on stimulator of interferon
genes (STING) activation may not depend on ALK.
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confined to few areas in the brain or in the testis. Importantly, tissues rich in monocytes and macrophages such as peripheral blood,
spleen, and lung have undetectable ALK expression (Fig. 1A). To
directly characterize ALK expression in monocytes and macrophages, we performed Western blot assays with the rabbit monoclonal
antibody SP8 from Abcam on the same mouse cell lines largely used
in Zeng et al. (1), which are immortalized bone marrow–derived
macrophages (iBMDMs) and murine macrophage-like RAW264.7
cells. We used three different protein extraction buffers, all yielding
comparable results for ALK expression. The SP8 antibody specifically detected ALK in 293T cells transfected with a plasmid encoding for the mouse full-length Alk receptor as well as the EML4-ALK
fusion protein generated by CRISPR-Cas9 from the endogenous
mouse Alk gene in lung cancer cells (8)(Fig. 1B). Surprisingly, this
antibody did not detect any band corresponding to the mouse ALK
receptor in iBMDMs or RAW264 cells (Fig. 1B). We then blotted
the same lysates with the F-12 antibody used by Zeng et al. (1). This
antibody was raised against an epitope mapping between amino
acids 117 to 145 within the N-terminal extracellular domain of
human ALK and recognized the transfected mouse ALK but not the
EML4-ALK fusion that contains only the cytoplasmic portion of
ALK. Strikingly, it failed to recognize any band consistent with ALK
in iBMDMs or RAW264 (Fig. 1B).
Next, we tested human peripheral blood mononuclear cells
(PBMCs) and the human THP-1 cell line also used by Zeng et al. (1)
to seek for ALK expression in human monocytes and macrophages.
We used the FDA-approved D5F3 antibody for ALK detection (7)
and neuroblastoma cells that express the endogenous human ALK
as controls. As expected, the D5F3 antibody specifically recognized
the ALK protein in neuroblastoma lines with a pattern consisted in
two bands of 220 to 230 kDa and 130 to 140 kDa as previously reported, where the lower band corresponds to a cleavage product of
the ALK receptor (9). In contrast, no bands with such pattern were
seen in PBMCs or THP-1 cells even after long exposure of the membrane (Fig. 1C). When the same cell lysates were probed with the
F-12 antibody used by Zeng et al. (1), the antibody correctly detected the 220- to 230-kDa full-length ALK in neuroblastoma cells, but
not the 130- to 140-kDa cleaved ALK protein that lacks amino acids
117 to 145. Unexpectedly, this antibody also recognized a band of
approximately 190 to 200 kDa that was detected across all human
cells (Fig. 1C). However, this band is different from the pattern of
ALK expression in neuroblastoma and was also seen in negative
controls such as the ALK-negative Burkitt lymphoma cell lines Raji
and Ramos (Fig. 1C). In addition, expression data from the Cancer
Cell Line Encyclopedia (CCLE) (https://portals.broadinstitute.org/
ccle) did not show detectable ALK mRNA in THP-1 cells (Fig. 2).
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Sepsis is a life-threatening condition associated with high lethality.
The pathogenesis of sepsis is complex and requires the activation of
the innate immune system by microbial pathogens. Part of this
activation relies on the recognition of bacteria-derived cyclic dinucleotides (CDN) by the stimulator of interferon genes (STING)
transmembrane protein that in turn binds TANK-binding kinase 1
to regulate the transcription of inflammatory genes triggered by the
interferon regulatory factor 3. To discover actionable targets for the
treatment of sepsis, Zeng et al. (1) recently screened a library of
kinase inhibitors for STING-modulating properties and found
that some inhibitors, including LDK378 [a U.S. Food and Drug
Administration (FDA)–approved anaplastic lymphoma kinase (ALK)
inhibitor also called ceritinib], AP26113 (an FDA-approved ALK
inhibitor also called brigatinib), and AZD3463 [a preclinical ALK/
insulin-like factor receptor 1 (IGF-1R) inhibitor] can efficiently block
STING-mediated interferon- release in cells stimulated with CDN.
Understandably, they then focused on demonstrating ALK expression in monocytes and macrophages, which are important cells that
mediate sepsis.
Surprisingly, they showed abundant expression of ALK in both
human and murine monocytes and macrophages. These findings
were puzzling as the current knowledge is that ALK is a tyrosine
kinase receptor expressed during embryonic development by neurons and muscles, whereas in adults its expression is restricted to
different areas of the brain (2–6). In contrast to normal cells, ALK
can be readily detected in tumors such as neuroblastoma, ALK-
rearranged anaplastic large cell lymphoma (ALCL), non–small cell
lung cancer (NSCLC), or inflammatory fibroblastic tumor (4, 5). In
clinical practice, ALK antibodies are considered highly specific for
the detection of the oncogenic ALK because tumor cells express ALK
more highly than ALK-negative normal cells. Detection of ALK
expression in tumors is a critical point for the clinical decision on
the use of ALK inhibitors in lung cancer patients, to the extent that
the FDA has specifically approved an immunohistochemistry-based
test to detect ALK-rearranged NSCLC (7).
We therefore decided to reexamine ALK expression in normal
cells, particularly monocytes and macrophages. According to common databases such as the Genotype-Tissue Expression (GTEx)
Project (www.gtexportal.org/home/gene/ALK) or to the Expression
Atlas (www.ebi.ac.uk/gxa), ALK expression is overall low and largely
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Fig. 1. Undetectable ALK expression in monocytes and macrophages. (A) ALK mRNA
expression in tissues according to the GTEx
project. TPM, transcripts per million. (B) ALK expression in murine cell lines [top: SP8 anti-ALK
antibody (1:1000); bottom: F-12 anti-ALK antibody (1:100)]. 293T cells transfected with mouse
Alk (293T_ALK) and EML4-ALK–expressing
TeCla1 cells (positive controls). Untransfected
293T and KP1233 murine KRASG12D-driven NSCLC
cells (negative controls). Arrows indicate the
full-length (f.l.) ALK or the EML4-ALK fusion.
(C) ALK expression in human cell lines [top: D5F3
anti-ALK antibody (1:1000); bottom: F-12 anti-
ALK antibody (1:100)]. Human neuroblastoma
cell lines SK-N-BE and SH-SY5Y (positive controls).
Human B-lymphoma Raji and Ramos cell lines
(negative controls). Arrows indicate the fulllength ALK or the cleaved ALK. Asterisk indicates
the nonspecific band detected by the F-12 antibody. (D) ALK expression in human cell lines [left:
D5F3 anti-ALK (1:1000); right: F-12 anti-ALK anti
body (1:100)]. THP-1 cells transduced with human ALK receptor (THP-1_ALK) (positive control).
THP-1 cells transduced with empty retroviral vector (THP-1_vector) (negative control). H3122 and
H2228 NSCLC cell lines carry the EML4-ALK (ex13-
ex20) and the EML4-ALK (ex6-ex20) rearrangements that generate fusion proteins of 130 and
90 kDa, respectively. Karpas-299 is an NPM-ALK–
rearranged cell line that generates a fusion protein of 80 kDa. Arrows indicate the full-length
ALK or the cleaved ALK. Asterisk indicates the
nonspecific band detected by the F-12 antibody.
Top panels: Short exposure. Bottom panels: Long
exposure. (E) Immunohistochemistry performed
on an ALK-rearranged NSCLC case (D5F3 anti-
ALK antibody) and on an ALCL case (4C5B8 anti-
ALK antibody). Tumor cells shown by black arrows;
macrophages shown by red arrows. Scale bar,
50 m.
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ALK receptor. Thus, the interesting findings that LDK378 blocks
CDN-induced STING activation in vitro, as well as polymicrobial
sepsis or lipopolysaccharide-induced endotoxemia in vivo, may be
explained by the activity of this compound against other kinase(s)
different than ALK.
SUPPLEMENTARY MATERIALS

www.sciencetranslationalmedicine.org/cgi/content/full/10/471/eaar4321/DC1
Materials and Methods
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To exclude an unexpected expression or cleavage of ALK in macrophages, we transduced human THP-1 cells with a retroviral vector
encoding human ALK. Both the D5F3 and F-12 antibody recognized a band in ALK-transduced THP-1 cells, but not in THP-1
cells transduced with an empty vector, with a pattern similar to neuroblastoma cells. Again, the F-12 antibody recognized a lower band
in all cell lines, including ALK-rearranged NSCLC and ALCL, that
carry ALK fusions with different molecular weights (Fig. 1D). We
concluded that the 190- to 200-kDa band detected by the F-12 antibody in all human cells is nonspecific. Last, immunohistochemistry
failed to detect ALK expression in normal macrophages surrounding ALK-rearranged NSCLC and ALCL (Fig. 1E).
Notably, Zeng et al. (1) performed both the library compound
screening and all the experiments with LDK378 or AP26113 with an
inhibitor concentration of 10 M. However, drug concentration is
critical for selective ALK inhibition. For example, LDK378 is selective for ALK with a median inhibitory concentration (IC50) of 200 pM
but at higher concentrations inhibits other tyrosine kinases such as
IGF-1R (IC50 of 8 nM), with broad inhibition of several tyrosine
kinases at concentrations above 100 nM (10). Likewise, AP26113
has an IC50 of 370 pM for ALK and of 24.9 nM for IGF-1R (11).
Therefore, when used at 10 M [such as in the experiments performed by Zeng et al. (1)], it is likely that these compounds block
multiple tyrosine kinases.
Together, our findings indicate that mouse and human monocytes and macrophages do not express detectable amounts of the
Blasco et al., Sci. Transl. Med. 10, eaar4321 (2018)

12 December 2018

Acknowledgments: We would like to thank C. Ambrogio for the helpful discussion and critical
reading of the manuscript. We would like to thank K. Fitzgerald (Medical School, University of
Massachusetts) for the THP-1, RAW264.7, and iBMDMs cell lines and T. Jacks (MIT) for the
KP1233 cell line. Funding: The work was supported by the R01 CA196703, D2017-026 V
Foundation, and Translational Research Program (TRP) grants to R.C.
Submitted 19 December 2017
Accepted 9 November 2018
Published 12 December 2018
10.1126/scitranslmed.aar4321
Citation: R. B. Blasco, E. Patrucco, I. Mota, W.-T. Tai, R. Chiarle, Comment on “ALK is a therapeutic
target for lethal sepsis”. Sci. Transl. Med. 10, eaar4321 (2018).

3 of 3

Downloaded from http://stm.sciencemag.org/ by guest on November 14, 2019

Fig. 2. Undetectable ALK mRNA expression in Raji and THP-1 cell lines. ALK
mRNA expression in different tumor cell lines according to two different datasets
in CCLE (https://portals.broadinstitute.org/ccle). (A) RNA sequencing (RNA-seq)
data. (B) Gene expression profiling data. Raji, THP-1, and the ALK-positive neuroblastoma cell lines SH-SY5Y and SK-N-BE are indicated by arrows.
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