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Abstract. The recent discovery of fusion oncokinases in 
a subset of non-small cell lung carcinomas (NSCLCs) is of 
considerable clinical interest, since NSCLCs that express such 
fusion oncokinases are reportedly sensitive to kinase inhibi-
tors. To better understand the role of recently identified ROS1 
and RET fusion oncokinases in pulmonary carcinogenesis, 
we examined 114 NSCLCs for SLC34A2-ROS1, EZR-ROS1, 
CD74-ROS1 and KIF5B-RET fusion transcripts using 
RT-polymerase chain reaction and subsequent sequencing 
analyses. Although the expression of SLC34A2-ROS1, 
EZR-ROS1, or KIF5B-RET fusion transcripts was not detected 
in any of the cases, the expression of CD74-ROS1 fusion tran-
scripts was detected in one (0.9%) of the 114 NSCLCs. The 
fusion occurred between exon 6 of CD74 and exon 34 of ROS1 
and was an in-frame alteration. The mutation was detected 
in a woman without a history of smoking. Histologically, 
the carcinoma was an adenocarcinoma with a predominant 
acinar pattern; notably, a mucinous cribriform pattern and a 
solid signet-ring cell pattern were also observed in part of the 
adenocarcinoma. ROS1 protein overexpression was immuno-
histochemically detected in a cancer-specific manner in both 
the primary cancer and the lymph node metastatic cancer. 
No somatic mutations were detected in the mutation cluster 
regions of the KRAS, EGFR, BRAF and PIK3CA genes and the 
entire coding region of p53 in the carcinoma, and the expres-
sion of ALK fusion was negative. The above results suggest 

that CD74-ROS1 fusion is involved in the carcinogenesis of a 
subset of NSCLCs and may contribute to the elucidation of the 
characteristics of ROS1 fusion-positive NSCLC in the future.

Introduction

The ALK fusion gene is a key oncogenic driver in a subset of 
patients with non-small cell lung carcinomas (NSCLCs) (1‑5). 
EML4-ALK, consisting of the N-terminal portion of EML4 
ligated to the intracellular region of the receptor-type protein 
tyrosine kinase ALK, has been detected in ~2‑7% of NSCLC 
patients  (1‑6). EML4-ALK-positive NSCLC is associated 
with several characteristics, such as early‑onset, a never- or 
light‑smoking history, adenocarcinoma and mutual exclusive-
ness with EGFR or KRAS mutations (7). Recently, crizotinib, 
a small molecule inhibitor of ALK, was shown to selectively 
inhibit the growth of ALK-positive NSCLC (6‑8), indicating 
that a subclass of NSCLC patients are likely to benefit clinically 
from an ALK inhibitor. Therefore, molecular data regarding 
oncogenic fusion may have a significant clinical impact.

Both ROS1 and RET receptor tyrosine kinases have recently 
been identified as oncogenic fusions in NSCLC (4,5,9‑17). 
The expression of these fusion proteins transforms noncan-
cerous cells (4,14). Among some types of such fusion forms, 
SLC34A2-ROS1, EZR-ROS1, CD74-ROS1 and KIF5B-RET 
are relatively recurrent (4,5,9‑17). However, since the incidence 
of ROS1 or RET fusions is less than that of ALK fusions in 
NSCLC, only a small number of NSCLC patients with ROS1 or 
RET fusions has thus far been identified. In the present study, 
to contribute to the elucidation of the characteristics of ROS1 
or RET fusion-positive NSCLC, we examined 114 NSCLCs 
derived from Japanese patients for the expression of ROS1 and 
RET fusion transcripts and pathohistologically and molecu-
larly characterized those fusions that were detected.

Materials and methods

Primary lung carcinoma. Samples of surgical specimens were 
obtained from 114 NSCLC patients who underwent surgery for 
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cancer at Mikatahara Seirei General Hospital and Hamamatsu 
University Hospital. Informed consent to use the resected 
tissues for genetic analysis was obtained from all the patients 
and the study was approved by the Institutional Review Boards 
(IRBs) of Hamamatsu University School of Medicine and 
Mikatahara Seirei General Hospital. The clinicopathological 
profiles of the cases are shown in Table I. The staging and 
histological classification were based on the World Health 
Organization system.

Detection of ROS1 and RET gene fusion transcripts using 
reverse transcription (RT)-polymerase chain reaction (PCR). 
Total RNA was extracted from the lung tissue samples using 
an RNeasy kit (Qiagen, Valencia, CA, USA) and was converted 
to first-strand cDNA using a SuperScript First-Strand Synthesis 
System for RT-PCR (Invitrogen, Carlsbad, CA, USA) 
according to the supplier's protocol. PCR was performed in 
20‑µl reaction mixtures containing HotStarTaq DNA 
Polymerase (Qiagen). The following PCR primers were used: 
5'-GGGATTGGGATATTGATTTTAC-3' and 5'-AGCTCA 
GCCAACTCTTTGTCT-3' for the SLC34A2-ROS1 fusion 
transcript; 5'-ACCGTGGAGAGAGAGAAAGAG-3' and 
5'-AGCTCAGCCAACTCTTTGTCT-3' for the EZR-ROS1 
fusion transcript; 5'-ATTGGCTCCTGTTTGAAATG-3' and 
5'-TTATAAGCACTGTCACCCCTTC-3' for the CD74-ROS1 
fusion transcript; and 5'-TCGGCAACTTTAGCGAGTAT-3' 
and 5'-TTCTCTTTCAGCATCTTCACG-3' for the KIF5B-RET 
fusion transcript. The PCR products were fractionated using 
electrophoresis on an agarose gel and were stained with 
ethidium bromide. PCR-amplified products were purified with 
ExoSAP-IT (GE Healthcare Bio-Science, Piscataway, NJ, 
USA) and were sequenced directly using a BigDye® Terminator 
Cycle Sequencing Reaction Kit and the ABI 3130 Genetic 
Analyzer (both from Applied Biosystems, Tokyo, Japan).

Immunohistochemical staining. Sections of formalin‑fixed, 
paraffin-embedded tissue samples were used for immuno-
histochemical staining performed using the EnVision (Dako 
ChemMate) kit (Dako, Kyoto, Japan). The primary antibodies 
were as follows: anti-thyroid transcription factor-1 (TTF-1), 
anti-napsin A, anti-CK14 (all from Novocastra Laboratories, 
Newcastle, UK), anti-p63 (Japan Tanner, Osaka, Japan), 
anti‑CD56 (Novocastra Laboratories), anti-chromogranin A 
(Dako), anti-synaptophysin (Novocastra Laboratories) and 
anti-ROS1 (clone D4D6; Cell Signaling Technology, Beverly, 
MA, USA). Hematoxylin and eosin (H&E) staining was also 
performed.

Mutation search. Genomic DNA was extracted from the lung 
tissue samples containing ROS1 fusion transcripts using a 
DNeasy kit (Qiagen) and was examined for somatic mutations 
in the DNA sequences of mutation cluster regions (hot spots) 
in the KRAS, EGFR, BRAF and PIK3CA genes and in the 
entire coding sequence of the p53 gene. PCR amplification 
was performed in 20‑µl reaction mixtures containing 
HotStarTaq DNA Polymerase (Qiagen). The following PCR 
primers were used: 5'-AAAGGTACTGGTGGAGTATTTG-3' 
and 5'-GTCCTGCACCAGTAATATGC-3' for KRAS (exon 2); 
5'-AATCCAGACTGTGTTTCTCC-3' and 5'-ATATTATATC 
ATGGCATTAGC-3' for KRAS (exon 3); 5'-GCAATATCAGCC 

TTAGGTGCGGTC-3' and 5'-CATAGAAAGTGAACATTTA 
GGATGTG-3' for EGFR (exon 19); 5'-CTAACGTTCGCCAGC 
CATAAGTCC-3' and 5'-GCTGCGAGCTCACCCAGAAT 
GTCTGG‑3' for EGFR (exon  21); 5'-AATTTTTCTTAAG 
GGGATCTCTTCC-3' and 5'-GCGAACAGTGAATATTT 
CCTTTG-3' for BRAF (exon 11); 5'-ACCTAAACTCTTCAT 
AATGCTTGCTC-3' and 5'-CTTCAATGACTTTCTAGTAA 
CTCAGCAG-3' for BRAF (exon  15); 5'-TTAGATTGGTT 
CTTTCCTGTCTCTG-3' and 5'-TCCAATAGGTATGGTAA 
AAACATGC-3' for PIK3CA (exon 9); 5'-GTGACATT 
TGAGCAAAGACCTG-3' and 5'-CTGTTCATGGATTGT 
GCAATTC-3' for PIK3CA (exon 20); 5'-TTGGAAGTG 
TCTCATGCTGG-3' and 5'-AAGAGCAGTCAGAGGACC 
AGG-3' for p53 (exons  2  and  3); 5'-ACCTGGTCCTCT 
GACTGCTC-3' and 5'-TTGAAGTCTCATGGAAGCCAG-3' 
for p53 (exon 4); 5'-TTGTGCCCTGACTTTCAACTC-3' and 
5'-ACCAGCCCTGTCGTCTCTC-3' for p53 (exon 5); 
5'-TCAGATAGCGATGGTGAGCAG-3' and 5'-GGAGGT 
CAAATAAGCAGCAGG-3' for p53 (exon 6); 5'-CTCATC 
TTGGGCCTGTGTTATC-3' and 5'-GAAGAAATCGGTA 
AGAGGTGGG-3' for p53 (exon 7); 5'-CTGCCTCTTGCTT 
CTCTTTTCC-3' and 5'-ACTTTCCACTTGATAAGAGGT 
CCC-3' for the p53 (exons 8 and 9); 5'-ATACTTACTTCT 
CCCCCTCCTCTG-3' and 5'-GGATGAGAATGGAATCCT 
ATGG-3' for p53 (exon 10); and 5'-TGATGTCATCTC 
TCCTCCCTG-3' and 5'-TTGCAAGCAAGGGTTCAAAG-3' 
for p53 (exon 11). Sequencing was performed as described 
above.

Table I. Summary of the clinicopathological profiles of the 
patients.

Characteristic	 n

No. of patients	 114
Age, years (mean ± SD)	 68.5±6.0
Gender, n (%)
  Male	 87 (76.3)
  Female	 27 (23.7)
Smoking, n (%)
  Current smokers	 49 (43.0)
  Ex‑smokers	 37 (32.5)
  Non‑smokers	 28 (24.5)
Histology, n (%)
  Adenocarcinoma	 69 (60.5)
  Squamous cell carcinoma	 39 (34.2)
  Adenosquamous cell carcinoma	 4 (3.5)
  Others	 2 (1.8)
Stage, n (%)
  I	 54 (47.4)
  II	 33 (28.9)
  III	 27 (23.7)
  IV	 0 (0.0)

SD, standard deviation.
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Detection of ALK gene fusion transcripts using RT-PCR. PCR 
was performed in 20-µl reaction mixtures containing 
HotStarTaq DNA Polymerase (Qiagen) under the following 
conditions: 30 sec at 94˚C, 30 sec at 61˚C and 70 sec at 72˚C for 
45  cycles. A total of five different PCR-primer pairs for 
EML4-ALK and three PCR-primer pairs for KIF5B-ALK 
were used for the RT-PCR. The forward PCR primers were: 
5'-CAAGATGGACGGTTTCGCCGGCAGTCTCG-3' for the 
sequence at exon 1 of EML4; 5'-ACAAATTCGAGCATC 
ACCTTCTCC-3' for the sequence at exon 4 of EML4; 5'-GTG 
CAGTGTTTAGCATTCTTGGGG-3' for the sequence at 
exon  13 of EML4; 5'-CTGTGGGATCATGATCTGAATC 
CTG-3' for the sequence at exon 14 of EML4; 5'-CTTCCT 
GGCTGTAGG ATCTCATGAC-3' for the sequence at exon 19 
of EML4; 5'-CACTATTGTAATTTGCTGCTCTCCATC 
ATC-3' for the sequence at exon 10 of KIF5B; 5'-AATCTG 

TCGATGCCCTCAGTGAAG-3' for the sequence at exon 17 
of KIF5B; and 5'-TGATCGCAAACGCTATCAGCAAG-3' for 
the sequence at exon 24 of KIF5B. The reverse PCR primer 
used was the same, i.e., 5'-GAGGTCTTGCCAGCAAAG 
CAGTAG-3' for the sequence at exon 20 of ALK.

Results

In the present study, 114  NSCLCs were examined for 
SLC34A2-ROS1, EZR-ROS1, CD74-ROS1 and KIF5B-RET 
fusion transcripts using RT-PCR and subsequent sequencing 
analyses. Although the expression of SLC34A2-ROS1, 
EZR-ROS1 and KIF5B-RET fusion transcripts was not 
detected in any of the carcinomas, CD74-ROS1 fusion 
transcripts were detected in one (0.9%) NSCLC (Fig.  1). 
The CD74-ROS1 fusion transcripts were expressed in the 

Figure 1. Detection of CD74‑ROS1 fusion transcripts in a non-small cell lung carcinoma (NSCLC). (A) cDNA derived from cancerous tissue of NSCLC 
was searched for fusion transcripts using RT‑polymerase chain reaction (PCR) and subsequent agarose gel electrophoresis. A specific band was detected in 
case no. 45 using RT‑PCR with a set of primers for the sequence at CD74 and at ROS1. The arrow indicates the PCR product. (B) RT‑PCR analysis of cDNA 
derived from N and T in case no. 45 for the detection of CD74‑ROS1 fusion transcripts. The arrow indicates the PCR product. (C) Sequencing analysis of the 
CD74‑ROS1 fusion transcripts. A sequencing electropherogram showed the fusion occurred between exon 6 of CD74 and exon 34 of ROS1. M, size marker; 
N, non‑cancerous tissue; T, cancerous tissue.

Figure 2. Pathohistological examination of non-small cell lung carcinoma (NSCLC) containing the CD74‑ROS1 fusion transcript. (A) Macroscopic image of 
the lung carcinoma in case no. 45. A well‑delineated, white, solid mass was seen in the lung parenchyma. (B) An acinar pattern was predominantly observed in 
this adenocarcinoma. (C) A cribriform structure associated with abundant extracellular mucus (mucinous cribriform pattern) was observed in a portion of the 
carcinoma. (D) A solid growth pattern containing signet‑ring cells (solid signet‑ring cell pattern) was observed in a portion of the carcinoma. The inset shows 
a magnified image of the signet‑ring cells. (B‑D) Hematoxylin and eosin stain. Scale bar, (A) 1 cm and (B‑D) 50 µm.
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cancerous tissues but not in the non-cancerous tissues in 
the NSCLC case (case no. 45) (Fig. 1B). Sequencing of the 
RT-PCR product revealed that the fusion was between exon 
6 of CD74 and exon 34 of ROS1 (Fig. 1C). The fusion was 
in‑frame and allowed the transmembrane domain and the 
kinase domain of ROS1 to be retained. Case no. 45 was a 
71‑year‑old woman who was a never-smoker. The NSCLC in 
this case was well‑delineated and 3.0 cm in diameter (Fig. 2A). 
The histological classification was adenocarcinoma with a 
predominantly acinar pattern (Fig. 2B); a cribriform structure 
associated with abundant extracellular mucus (mucinous crib-
riform pattern) (Fig. 2C) and a solid growth pattern containing 
signet-ring cells (solid signet-ring cell pattern) (Fig. 2D) were 
partly observed. An immunohistochemical study revealed that 

the adenocarcinoma was positive for TTF-1 and napsin A, but 
negative for CK14, p63, CD56, chromogranin A and synap-
tophysin (Fig. 3A‑D), indicating that immunophenotype of 
the carcinoma was compatible with adenocarcinoma without 
neuroendocrine features. Furthermore, the cancer-specific 
overexpression of the ROS1 protein was detected using an 
immunohistochemical analysis (Fig. 3E-I), in agreement with 
the cancer-specific expression of the ROS1 fusion mRNA 
transcript (Fig. 1B). An increased ROS1 protein signal was 
detected diffusely in the adenocarcinoma, including the 
mucinous cribriform pattern, and solid signet-ring cell pattern 
and the ROS1 protein was localized in the cytoplasm of the 
carcinoma cells (Fig. 3E‑H). ROS1 protein was also highly 
expressed in the adenocarcinoma metastases to the lymph 

Figure 3. Immunohistochemical analysis of non-small cell lung carcinoma containing the CD74‑ROS1 fusion transcript. The adenocarcinoma was immuno-
histochemically positive for (A) TTF‑1 and (B) napsin A. The adenocarcinoma was immunohistochemically negative for (C) p63 and (D) chromogranin A. 
(E and F) The cancer‑specific expression of ROS1 protein was detected. ROS1 protein was overexpressed specifically in the cytoplasm of the cancerous cells. 
Increased ROS1 expression in the (G) mucinous cribriform pattern and (H) solid signet‑ring cell pattern of the adenocarcinoma. (I) Increased ROS1 expression 
in an adenocarcinoma that has metastasized to the mediastinal lymph node. Scale bar, (A‑D and G‑I) 50 µm, (E) 200 µm and (F) 20 µm.
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node (Fig. 3I). Additionally, after the surgical treatment, a 
brain metastasis of the adenocarcinoma was observed in the 
patient. The above findings suggest that CD74-ROS1 fusion 
transcripts are expressed in a subset of NSCLCs.

We next examined whether the NSCLC case containing 
the CD74-ROS1 fusion transcripts also contained previously 
reported driver mutations. Mutation cluster regions for KRAS, 
EGFR, BRAF and PIK3CA (18‑20) were searched for somatic 
mutations and the expression of EML4-ALK and KIF5B-ALK 
fusion transcripts (1‑5) was examined; however, no somatic 
mutations in exons 2 and 3 of KRAS, exons 19 and 21 of 
EGFR, exons 11 and 15 of BRAF, or exons 9 and 20 of PIK3CA 
and no expression of EML4-ALK or KIF5B-ALK fusion 
transcripts were detected. We also performed a mutational 
analysis of the entire coding region of p53 of the carcinoma 
that contained CD74-ROS1 fusion transcripts. The case was 
found to be heterozygous for the Arg and Pro alleles of the p53 
p.Arg72Pro genetic polymorphism, which is associated with a 
functional difference (21); however, no somatic p53 mutations 
were detected.

Discussion

In the present study, the expression of CD74-ROS1 fusion tran-
scripts was found in one (0.9%) of the 114 NSCLCs that were 
examined, but the expression of SLC34A2-ROS1, EZR-ROS1, 
or KIF5B-RET fusion transcripts was not detected in any of 
the NSCLCs. The detected fusion occurred between exon 6 of 
CD74 and exon 34 of ROS1 and was observed in a non-smoker 
female. Histologically, the carcinoma was an adenocarcinoma 
with a predominant acinar pattern; a mucinous cribriform 
pattern and a solid signet-ring cell pattern were also observed 
in a portion of the adenocarcinoma. ROS1 protein was over-
expressed in a cancer-specific manner at both the primary 
site and the lymph node metastases. No somatic mutations 
were detected in the mutation cluster regions of the KRAS, 
EGFR, BRAF and PIK3CA genes and the entire coding region 
of p53 in the carcinoma, and the expression of EML4- and 
KIF5B-ALK fusions was also not detected. These results 
suggest that CD74-ROS1 fusion contributes to the carcinogen-
esis of this NSCLC case as a driver mutation.

To date, ROS1 fusion transcripts have been detected in 
0.7‑1.9% of NSCLC patients (Chinese, Japanese, white and 
Caucasian populations)  (5,9,10,12,14,15,17). The analytical 
methods used in the above-mentioned reports varied and 
RT-PCR, fluorescence in situ hybridization and immunohis-
tochemical analyses have been used to search for NSCLCs 
containing ROS1 fusion products  (5,9,10,12,14,15,17). 
Considering our results (0.9% of Japanese NSCLC patients) 
and the results of the above-mentioned previous papers, racial 
differences in the frequency of ROS1 fusion-positive NSCLC 
are thought to be minimal, although distinct analytical methods 
were used in the various reports. Approximately 1.6 million 
new lung cancers are diagnosed each year worldwide (22); if 
NSCLC comprises 90% of these cancers, 1.45 million new 
cases of NSCLC are diagnosed every year. Since the preva-
lence of ROS1 fusion is ~1% of all NSCLCs, ~14,500 new 
patients have ROS1 fusion-positive NSCLC. Recently, 
ROS1 inhibition was shown to lead to the suppression of the 
proliferation of cells containing ROS1 fusion in vitro (12,14); 

furthermore, crizotinib, a small molecule inhibitor against 
ROS1 kinase in addition to ALK kinase, was shown to exhibit 
antitumor properties in a patient with NSCLC containing an 
ROS1 fusion (12,14). Thus, patients with ROS1 fusion-positive 
NSCLC may comprise a novel subclass that could benefit 
clinically from ROS1 inhibition.

In our CD74-ROS1 fusion-positive case, no other onco-
genic driver mutations were detected. Oncogenic driver 
mutations are responsible for the initiation and progression 
of NSCLCs, and they differ from passenger mutations in that 
they are also found within the cancer genomes but exist as a 
by-product of cancer cell development (10,13,18,19). In general, 
oncogenic driver mutations are mutually exclusive (10). ROS1 
fusion-positive cases reported in two previous studies (4,17) 
were negative for alterations in the ALK, RET, EGFR and 
KRAS genes. Thus, our results for the driver mutation search 
are compatible with the results of these previous reports, 
suggesting that ROS1 fusion is mutually exclusive with other 
oncogenic driver mutations in NSCLC.

A mucinous cribriform pattern and a solid signet-ring cell 
pattern were observed in a portion of the adenocarcinoma 
in the present case. Yoshida  et  al  (17) recently reported 
that one‑third of ROS1 fusion-positive NSCLCs contain a 
mucinous cribriform pattern and one-third contain a solid 
signet‑ring cell pattern. Of note, both patterns are frequently 
observed in ALK-rearranged NSCLC (4,23,24). Thus, both a 
mucinous cribriform pattern and a solid signet-ring cell pattern 
may be common pathohistological characteristics of ROS1 and 
ALK fusion-positive NSCLCs. We also showed that the ROS1 
protein was highly expressed in both histological patterns in 
our case, and an increased ROS1 protein expression in both 
components has not previously been demonstrated, suggesting 
a novel finding of the present study. These results indicate that 
ROS1 is involved in the morphogenesis of the patterns.

EGFR mutations and EML4-ALK fusions are preferen-
tially associated with NSCLC in non-smokers (4,18,19). Our 
CD74-ROS1 fusion-positive case was a never‑smoker. In three 
previous reports, ROS1 fusion was frequently found in the 
NSCLCs of never‑smokers (4,12,17); however, this character-
istic was not detected in another report (14). The accumulation 
of ROS1 fusion-positive cases with information on the smoking 
history is required to better understand the role of ROS1 fusion 
in NSCLCs.

In conclusion, our CD74-ROS1 fusion-positive NSCLC 
in conjunction with previously detected ROS1 fusion-positive 
NSCLCs suggested that ROS1 fusion is involved in the carci-
nogenesis of a subset of NSCLCs and may significantly aid 
in elucidating the characteristics of ROS1 fusion-positive 
NSCLC in the future.
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