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19 Detection of malignant cells from malignant effusion is very crucial to establish or adjust therapies of

20 patients with cancer. The conventional qualitative detecting mean in malignant pleuroperitoneal effusion

21 10 is cytological analysis, which is time-consuming and complicated. Therefore, a faster and more

22 convenient detecting strategy is urgently needed. In this study, we reported a rapid method to detect

23 malignant cells from malignant pleuroperitoneal effusion (hydrothorax and ascites) of patients using IR-

24 808, a tumor-targeted near-infrared (NIR) fluorescent heptamethine dye (tNRI dye), which exhibited

25 superior labeling efficacy without specific conjugation to biomarkers. The targeted imaging performance

26 15 to malignant cells using IR-808 was confirmed by comparing with normal cells, and the fluorescent

27 stability assay of IR-808 in malignant effusion was determined from 1 h to 48 h. In order to save time and

28 dose, the incubation time and concentration were optimized to 10 min and 5 pM, which were used to

29 detect malignant cells from 28 clinical samples of malignant pleuroperitoneal effusion. The results

30 revealed that IR-808 could be internalized selectively by malignant cells of samples, and it could

31 20 distinguish these malignant cells easily from normal cells under fluorescence microscope. The positive

32 rates between cytological analysis and IR-808 staining method were 86 % (24/28) and 79 % (22/28),

33 respectively. An excellent concordance level (Kappa=0.752, P<0.001) was observed between the two

34 methods. Our results indicated that IR-808, a new NIR fluorescent heptamethine dye with unique optical

35 imaging and tumor targeted properties, could provide a fast and simple way to detect a broad spectrum of

36 2s malignant cells from malignant pleuroperitoneal effusion in malignant cancer patients.

37

38 Furthermore, the procedure of cytological analysis is complicated,

39 Introduction and its result is highly dependent on the operator’s experience,

40 ) ] . which makes this method time-consuming and vulnerable to

41 Patients with cancer ofien have abnormal ﬂuld, accumul'fltes subjective bias. '* Therefore, a faster and much simpler method to

42 relevant to the '1mbalance rate belt\;veen egtry and exit of ﬂu.ld Mo detect malignant cells from pleuroperitoneal effusion is urgently

43 the pleuroperitoneal space. '~ Malignant pleuroperitoneal needed.

44 30 effu§i0n (rnalignant hydrqthorax a1'1d ascites) is mostly cau§ed by A new class of tumor-targeted near-infrared (NIR)

45 the invasion anq me'tastas1s of n'1a11gn.ant ce}ls to pleuroperitoneal fluorescent heptamethine dyes (6NRI dyes) has attracted great

46 membranes, which is corpmop In patients 1n' advanged stage and interest in biodetection and biomedical imaging. 15:16 These tNRI

47 related to a poor prognosis Wlth_ a S?On. median survival al?out - dyes may preferentially accumulated in the mitochondria of

48 17 .months after ﬁrst—dlagn OSIS. Since the' presentation .Of malignant cells, but not in normal, dead or apoptotic cells. '’ And

49 35 mahgr}ant pleroperlt'oneal effus.lon precludes p'atlents from.cratlve the NIR emission (700-900 nm) of these dyes significantly

50 resect'lon, the detection Of mallgn'at'lt pleroperitoneal effusion has increases the sensitivity of detection due to the low background

51 great 1nﬂ'ue'nce on th'e clinical d§c1510n. ) . from autofluorescence of effusion in this wavelength range.

52 In thlcal practice, the mallgn'fmt pleurop e.rltoneal effusion is 6 Typically, the contrast index value of cells stained by tNRI dyes

53 determlned based Or,l the dete'ctlorslgof mahggant cells from can exceed 20, while a contrast index more than 2.5 is regarded

54 0 effu§10n by cytological ana.ly51s. ] Cytologlca'l features of as substantial accumulation in malignant cells. '* ' In addition,

55 mahgnant c§lls are .char'acterl.zed by the presentation of nuc'lear the fluorescence of tNIR dyes keep stable during the preparation

56 gat?rg)la, multmucleatl.on., 1n.clus1on body an'd cell clust.er forrgatlon. of effusion samples, indicating that these heptamethine dyes may

57 ‘ H(.)wever, the similarity of mesothelial C?H.S W?th ma.hgnant ¢s be a promising candidate for malignant cells targeting and
cells in morphology often makes the distinction difficult, detection. 2025

gg ss especially when the number of cells in effusion is small. '
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Recently, Yang et al. found that malignant cells could be
tested by tNIR dye IR-783 after mixing human prostate malignant
cells with human blood cells. This dye was sufficiently sensitive
to detect as few as 10 malignant cells per milliliter in whole blood, '
indicating that this group of dyes has the potential to detect
malignant cells in circulation. 2 However, to the best of our
knowledge, the fluorescence detecting ability of tNRI dyes have
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not been investigated in malignant pleuroperitoneal effusion. -
Therefore, we herein exploited the ability of tNRI dyes to detect ii icroscony analvais
10 malignant cells from clinical malignant effusion as a fast and

simple complementary tool to cytological analysis
In this research, a new tNIR dye with 808 nm emission (IR- i
808) was chosen to detect malignant cells from cultured cell lines ol Q ~5°
.. . . . | 4 Z o | + |j o
and 28 clinical malignant pleuroperitoneal effusion samples. A N B/ / {' N S0 S T
15 conventional NIR dye Cy 7 was taken as control to compare the
imaging performance. And the positive rates and concordance
level between cytological analysis and IR-808 staining method

were proceeded to compare the sensitivity to malignant cells in
clinical samples.
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The heptamethine dye IR-808 was kindly provided by Dr. DAPI
Chunmeng Shi from the Third Military Medical University at Scheme 1 A schematic representation for explaining the whole process of

. . . . S fluorescent heptamethine dye IR-808 to diagnose malignant cells from
Chongqing of China, which was dissolved easily in water at 10 . . . .

o malignant pleuroperitoneal effusion (hydrothorax and ascites), and the
»s mM and stored at -20 °C before use. All the samples of the chemical structures of IR-808, Cy 7 and DAPL

malignant pleuroperitoneal effusion in this study were collected
from the Pathology Department of Jinling Hospital. The
specimens examined in our study were also diagnosed
pathologically.

Heptamethine dye and samples

2
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emission, 740-950 nm).

To further optimize the dose and incubation time, a group of
2x10° MCE-7 cells were chosen to incubate with TR-808 at the
final concentrations of 1.25, 2.5, 5, 10, 20 uM for 20 min, and
another group of MCF-7 cells were incubated with a gradual
times (5 min, 10 min, 30 min, 1 h, 8 h, 24 h), then all cells were
stained with DAPI, 4 % formaldehyde in turn, and imaged with
the fluorescence microscope at the same exposure time. The
mean fluorescent intensities of the groups were statistically
analyzed. Then MCF-7 cells were chosen to co-incubate with IR-
808 and DAPI at the best concentration and time, the pictures
were got subsequently.

6:

a5

30 Cell lines and cell culture

All human malignant cell lines were obtained from American
Type Culture Collection (ATCC) and were maintained in ATCC
recommended media supplemented with penicillin (100 U/mL),
streptomycin (100 pg/mL), and 10 % fetal bovine serum (GIBCO, 7
35 USA) at 37 °C with 5 % CO,, including lung cancer (NCI-H460,
A549), breast cancer (MDA-MB-231, MCF-7), colon cancer
(HCT-116), glioma cancer (U87), renal cancer (786-0), cervical
cancer (Hela), Osteosarcoma (U-208S), and human normal cells
including embryonic kidney cells (293T), vascular endothelial
cells (VE), embryonic lung fibroblast (HELF), umbilical vein

S

Fluorescent stability of IR-808

pleuroperitoneal effusion

assay in malignant
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The fluorescent stability of IR-808 in ultra-pure water, malignant
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endothelial cells (HUVEC) were used as control.

Uptake and accumulation of IR-808 in normal and malignant
cells in vitro

All cells were cultured at a density of 2x10° in a 35 mm petri dish
with cover slips, and incubated at 37 °C with 5 % CO, for 24 h.
The cover slips were incubated with IR-808 at a concentration of
20 puM for 20 min at 37 °C after the cells had reached a
confluence of 70 %. Then the cells were stained with 4', 6-
diamidino-2-phenylindole (DAPI, Sigma-Aldrich, USA) of cell
nuclei after phosphate-buffered saline solution (PBS) washing
according to the kit and fixed with 4 % formaldehyde at 4 °C
after PBS washing again. The cover slips were covered with
microscope slides by an aqueous mounting medium. Images were
recorded by a fluorescence microscope (Olympus IX71, Japan)
ss equipped with fluorescent filter sets (excitation, 684-719 nm;

S

&

pleuroperitoneal effusion cell precipitation mixture with a
concentration of 5 uM was performed at 37 °C for 1 h,2h,4 h, 8
h, 12 h, 24 h, 48 h using an IVIS Lumina XR (Xenogen
Corporation-Caliper, Alameda, CA, USA) with NIR wavelength
(745 nm excitation, 830 nm emission) respectively. Eventually
the cell precipitations after centrifugation were dropped on
microscope slides and imaged with the same NIR imaging
method.

Assessments of IR-808 in the malignant pleuroperitoneal
effusion samples

All the samples of the malignant pleuroperitoneal effusion were
collected after centrifugation at 1000 rpm for 5 min, leaving cell
precipitations only. The cells were co-incubated with IR-808 and

90 DAPI at a concentration of 5 uM for 10 min, and incubated with
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Fig. 1 (A) Normal human cells (293T, HELF, VE, HUVEC) showed no
uptake of IR-808 in culture. (B) Human malignant cell lines (MDA-MB-
231, U-20S, U87, NCI-H460, Hela, A549, HCT-116, 786-O) showed
significant uptake of IR-808 under similar staining and imaging
conditions. Results are shown with images obtained from cells stained
with 4’, 6-diamidino-2-phenylindole (DAPI) of cell nuclei, IR-808
staining (NIR), and a merger of the two images (Merge). All images were
acquired at 100xmagnification.

formaldehyde for 20 min, then smeared on microscope slides and
observed according to the procedures described above. Malignant
hydrothorax samples were chosen to incubate with IR-808 and
cyanine dye Cy 7, another common NIR heptamethine cyanine,
in order to compare the imaging performance to malignant cells.
Images and cells count were recorded by the special NIR
fluorescence microscope. The processes were consistent with
above. The whole diagnosis process was shown briefly in scheme
1 with the chemical structures of IR-808, Cy 7 and DAPI.

Histological and Statistical Analysis

The collected cells of malignant pleuroperitoneal effusion were
smeared on microscope slides after centrifugation at 1000 rpm for
5 min, then fixed in 95 % ethanol for 30 min, and stained with
hematoxylin and eosin for 2 min. The whole slides needed
washing for 1 h and drying for pathological analysis.

All statistical analyses were performed using SPSS 19.0
software program (SPSS, Chicago, IL). The statistical
significance of the two detective methods were evaluated via
McNemar paired chi-square test and Kappa test from descriptive
statistics. Data were expressed as mean + SD, a two-sided P value
of less than 0.05 was considered statistically significant in all of
the statistical tests.

Results and Discussion

Preferential accumulation of IR-808 in malignant cells
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Fig. 2 To further optimize the dose and time, 2x10° MCF-7 cells were
chosen to incubate with IR-808 at the final concentrations of 1.25, 2.5, 5,
10, 20 uM for 20 min (A), and time points of 5 min, 10 min, 30 min, 1 h,
8 h (B), then stain with DAPI, IR-808 staining (NIR), and a merger of the
two images (Merge). The mean fluorescent intensities at different
conditions were statistically analyzed. All images were acquired at
100xmagnification.

Cells labelled by IR-808 were observed in a fluorescence
microscope with special near infrared absorption and emission
spectrum. The uptake and accumulation of IR-808 were studied
in four human normal cell lines (Fig. 1A) and eight human
malignant cell lines (Fig. 1B). In this experiment, we used the
compatible incubation time at 20 min and the concentration of 20
uM. The dye was not found to accumulate in human normal
embryonic kidney cells (293T), vascular endothelial cells (VE),
embryonic lung fibroblast (HELF), umbilical vein endothelial
cells (HUVEC), but in human lung cancer (NCI-H460, A549),
breast cancer (MDA-MB-231), colon cancer (HCT-116), glioma
cancer (U87), renal cancer (786-0O), cervical cancer (Hela),
osteosarcoma (U-20S). The images obtained from cells stained
with DAPI of cell nucleus and IR- 808 of cytoplasm, which were
summarized in Fig. 1. It was clear that only malignant cells could
be stained, while normal cells were unstained. There were no
apparent differences among all these malignant cells, indicating
this dye preferentially accumulated in malignant cells, was not
affected by cell different surface receptors or biological factors,
which were further confirmed that IR-808 staining method was a
broad spectrum technology on detecting malignant cells.

Targeted imaging property of the lipophilic dye was
attributed to the higher negative inside mitochondria

This journal is © The Royal Society of Chemistry [year]
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Fig. 3 To further test the effect of co-incubation with DAPI and IR-808
(IR-808 + DAPI), MCF-7 cells were chosen to incubate at the
concentrations of 5 pM about 10 min, compared with individual
incubation (IR-808, DAPI). All images were acquired at
100xmagnification.

transmembrane potentials of malignant cells than their normal
counterparts, verified by co-localization with a membrane
potential-dependent mitochondrial tracker, rhodamine 123, which
made IR-808 as a broad spectrum detection agent because most
malignant cells have been identified with higher mitochondrial
membrane potentials. *">° In addition, viable malignant cells
could be distinguished from dead cells or apoptotic cells because
the whole reaction pathway was energy-dependent.

There were a few stains in HUVEC cell lines by NIR
fluorescence imaging, because a few non-specific staining or
spots appeared inevitably on the slides.

Effect of IR-808 on concentration and time test

In order to determine whether IR-808 with low concentration had
good imaging ability, we chose a gradient ranging from 20 to
1.25 uM to dye the human breast cancer MCF-7, and other
experimental conditions such as the cells count, the treatment
temperature and the exposure times were consistent with each
group. As shown in Fig. 2A, imaging differences were detected
as the change of concentration in these assays, and malignant
cells could be dyed even at a concentration of 1.25 uM. The
concentration of 5 uM was chosen to the next study because the
NIR fluorescence signal at this concentration could reach a
contrast value over 20. So low dose of IR-808 could be chosen to
incubate, and the optical property of targeted imaging was not
apparently affected, so this new method may be cost-saving than
clinical practice.

From Fig. 2B, the targeted imaging was differentiated due to
the incubation times. It was appropriate and enough to detect
malignant cells when the cells were incubated with IR-808 about
10 min, which was less than clinical routine operation. Further
performance of co-incubation with DAPI and IR-808 was tested
at 5 uM about 10 min, compared with individual incubation. The
results revealed that the detection performance was not
influenced when samples were co-incubation with IR-808 and
DAPI, indicating that the new method was timesaving without
losing its accuracy (Fig. 3).

Optical properties of IR-808 in malignant pleuroperitoneal
effusion samples

Zhang et al. tested that the fluorescence signal of these dyes was
pretty stable after formalin fixation, raising the possibility of
developing sensitive means of detecting target sites especially for

tumor evaluation. *' As shown in Fig. 4A, the fluorescence
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so Fig. 4 The fluorescent intensity of malignant pleuroperitoneal effusion

(hydrothorax and ascites) with IR-808 at different time points (1 h, 2 h, 4
h, 8 h, 24 h, 48 h) was calculated (A). The cell precipitations from
malignant pleuroperitoneal effusion were collected and imaged
respectively (B).
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Fig. 5 Malignant cells of hydrothorax (A) and ascites (B) samples were
dyed by DAPI, IR-808 staining (NIR), and a merger of the two images
(Merge), which could be clearly observed after IR-808 NIR imaging, but

0 other cell types of the samples did not be stained. Cytological analysis

(H&E) of malignant cells from malignant pleuroperitoneal effusion was
conducted accordingly. All images were acquired at 400xmagnification.
The percentage of staining malignant cells in all cell types from the two
samples was counted respectively (C).

DAPI Merge

) 808. .. (

Flg. 6 Malignant cells in hydrothorax samples were dyed by IR-808 and
Cy 7. DAPI, IR-808 or Cy 7 staining (NIR), a merger of the two images
(Merge) and H&E were conducted in turn. Malignant cells could be
clearly observed after IR-808 NIR imaging, but Cy 7 could not. All
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images were acquired at 400xmagnification.

Table 1 Characteristics of 28 patients and comparison of the two methods

Case No. hydrothorax ascites

Overall 28 17 11
Sex

Male 16 12 4

Female 12 5 7
Age (years)

<55 5 3 2

>55 23 19 4
Cytological analysis 24 17 7 Kappa= 0.752
IR-808 staining 2 15 7 P<0.001

intensity of IR-808 was investigated from 1 h to 48 h by IVIS
Lumina XR (745 nm excitation, 830 nm emission), which kept a
well, stable fluorescence intensity in malignant pleuroperitoneal
effusion (hydrothorax and ascites) at the initial and final test time
points, indicating that the fluorescence intensity of IR-808 was
very stable for further imaging application. The
photoluminescence of IR-808 in malignant pleuroperitoneal
effusion showed a higher value, indicating that some large
molecular agents in malignant effusion such as albumin,
enzymesand carcinoembryonic antigen, may be nonspecific
labelled by excess dyes, but this phenomenon could not affect
malignant cellular imaging under the microscope. After 48h, cell
precipitations in malignant pleuroperitoneal effusion were
collected and imaged after centrifugation, leading the result that
only the samples including malignant cells showed targeted
imaging (Fig. 4B).

Detection of malignant cells from malignant pleuroperitoneal
effusion

Encouraged by the above results, we then studied whether the dye
could detect malignant cells from malignant pleuroperitoneal
effusion of patients with lung cancer, ovarian cancer and breast
cancer. Fig. 5 showed that malignant cells from malignant
effusion samples could be stained after incubating with IR-808,
while other cell types of the samples such as macrophages and
mesothelial cells did not be stained. The percentage of the
staining malignant cells from the two samples was counted
respectively (76.42+13.13; 32.48+3.07), indicating that not all
cell types could be visualized except malignant cells. Cytological
analysis of malignant pleuroperitoneal effusion was conducted
parallel. Prominently, the whole procedure of the new detecting
method cost about 1.5 hours including centrifugation, washing,
incubation, smearing and imaging, and the diagnostic report for
cancerous or non-cancerous effusion could be obtained
preliminarily by the detection of labelled cells. While cytological
analysis needed much more time to wash and drying. So, the
timesaving and convenient operations of the new detection
method were more worthy than cytological analysis. But it could
not be used to confirm the characteristics of malignant cells
morphologically.

We also used Cy 7 as control, it was found that no Cy 7
retained in malignant cells in hydrothorax samples (Fig. 6),
suggesting that not all fluorescent heptamethine dyes just like Cy
7 were attached to the malignant cells typically in a broad
spectrum range and characterized with simultaneous tumor

=y
S

100

targeting and NIR imaging capabilities.

Comparison of detection rate between cytological analysis
with the new staining method

28 samples (17 hydrothorax and 11 ascites) in this study were
collected from definite diagnostic patients (16 males and 12
females; age: 61.44+10.26) from May to September in 2013
(Table 1). Using cytological analysis and IR-808 staining method,
the positive rates in the 28 samples with cancer were 86 %
(24/28) and 79 % (22/28), respectively. There was a well
concordance level (Kappa=0.752, P<0.001) between these two
methods. There were two samples detected by cytological
technique but not IR-808 staining method. The reason may
include 1) the quenching of NIR fluorescence happened with
some inevitable factors; 2) the integrities of some cells were
destroyed; 3) exposure time of the specimens was too long thus
resulted in photo bleach. All IR-808 positively stained samples
were confirmed by cytological analysis, indicating its high
sensitivity. There were four samples unidentified by these two
methods owing to the reason that the malignant pleuroperitoneal
effusion may be caused from non-cancerous lesions, such as the
imbalance between osmotic pressure and blood pressure, or the
stimulation of inflammation in patients with cancer. ** It is
necessary to combine with the two methods to meet the diagnosis
needs.

Conclusions

At present, the clinical qualitative detecting means for malignant
cells in malignant pleroperitoneal effusion are dependent on
routine cytological analysis. However, the operation steps of
cytological analysis are complicated and time-consuming. In this
study, our fast and convenient diagnosis strategy just needs
centrifugation, incubation and washing, but has high accuracy
and sensitivity to diagnose malignant cells in malignant
pleuroperitoneal effusion. The key of our strategy is the use of
multifunctional NIR heptamethine dye IR-808, which presents
the malignant cells targeting property of malignant effusion. To
our knowledge, this is the first report of IR-808 as a NIR optical
imaging agent to label malignant cells in clinical specimens, and
this method could provide information for cytological analysis.
The present results suggest that IR-808 staining method is
sensitive, convenient, low-cost and timesaving; it may be useful
as a tool for cytological analysis and other clinical application in
future.

Acknowledgements

This project is financially supported by the National Key Basic
Research Program of the PRC (2014CB744504 and
2011CB707700), the Major International (Regional) Joint
Research Program of China (81120108013), the National Natural
Science Foundation of China (81371611, 81201175 and
U1332117).

Notes and references

¢ Address, Department of Medical Imaging, Jinling Hospital, School of
Medicine, Nanjing University, Nanjing 210002, P. R. China Fax: +86-25-
84804659; Tel: +86-25-80860185; E-mail:
¢jr.luguangming@vip.163.com

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], oo—o0 | 5



P OO~NOUILAWNPE

U OTUu AU DMBEMDIAMDIAMBAEDIAMDIMDNWOWWWWWWWWWWNDNNDNNNNMNNNNRPRPRPERPRERPERRER
QOO NOUPRRWNRPOOO~NOUOPRRWNPRPOOONOOUOPRARWNRPEPOOONOODURAWNRPOOO~NOOUUDMWNEO

w

S

20

25

30

35

40

45

60

65

Analyst

® Address Laboratory of Cellular and Molecular Biology, Jiangsu
Province Institute of Traditional Chinese Medicine, Nanjing 210028, P.
R. China

¢ Address, Ningbo Institute of Materials Technology and Engineering,
Chinese Academy of Sciences, Ningbo 315201, P. R. China

? Address, Department of Pathology, Laboratory of Molecular Pathology
and Molecular Imaging, Jinling Hospital, School of Medicine Nanjing
University, Nanjing 210002, P. R. China

Corresponding author E-mail: cjr.luguangming@vip.163.com; Fax: +86-
25-84804659; Tel: +86-25-80860185

E-mail: shouju.wang@gmail.com; Fax: +86-25-84804659; Tel: +86-25-
80863477;

1 J.M. Thomas and A.I. Musani, Clin. Chest Med., 2013, 34, 459-471.

2 K.B. Sriram, V. Relan, B.E. Clarke, E.E. Duhig, L. A. Yang, R.V.
Bowman, Y.C. Lee and K.M. Fong, Future Oncol., 2011, 7, 737-752.

3 A. Cardenas and V. Arroyo, Best Pract. Res. Clin. Gastroenterol.,
2007, 21, 55-75.

4 A.S. Tsao, I. Wistuba, J.A. Roth and H.L. Kindler, J. Clin. Oncol.,
2009, 27, 2081-2890.

5 F. Hasteh, GY. Lin, N. Weidner and C.W. Michael, Cancer
Cytopathol., 2010, 118, 90-96.

6  J.S. Hackbarth, K. Murata, W.M. Reilly and A. Algeciras-Schimnich,
Clin. Biochem., 2010, 43, 1051-1055.

7 M. Miettinen and J. Lasota, Arch. Pathol. Lab Med., 2006, 130,
1466-1478.

8 L.H. Zhang, Q. Huang, X.S. Fan, H.Y. Wu, J. Yang and A.N. Feng.
Pathol. Res. Pract., 2013, 209: 611-617.

9  D. Whitaker, Cytopathology, 2000, 11, 139-151.

10 E. Cakir, F. Demirag, M. Aydin and E. Unsal, Diagn. Cytopathol.,
2009, 37, 4-10.

11 S. Mount, M. Harmon, G. Eltabbakh, D. Uyar and G. Leiman, Acta.
Cytol., 2004, 48, 363-371.

12 M.D. Lozano, A. Panizo, GR. Toledo, J.J. Sola and J. Pardo-Mindan,
Cancer, 2001, 93, 68-72.

13 Y. Gong, X. Sun, C.W. Michael, S. Attal, B.A. Williamson and C.W.
Bedrossian, Diagn. Cytopathol., 2003, 28, 1-5.

14 F. Rodriguez-Panadero, J.P. Janssen and P. Astoul, Eur. Respir. J.,
2006, 28, 409-422.

15 S.Y. Lim, K.H. Hong, D.I. Kim, H. Kwon and H.J. Kim, J. Am. Chem.
Soc., 2014, 136, 7018-7225.

16 M. van Oosten, T. Schifer, J.A. Gazendam, K. Ohlsen, E.
Tsompanidou, M.C. de Goffau, H.J. Harmsen, L.M. Crane, E. Lim, K.
P. Francis, L. Cheung, M. Olive, V. Ntziachristos, J.M. van Dijl and G.
M. van Dam, Nat. Commun., 2013, 4, 2584. ,

17 J.V. Frangioni, Curr. Opin. Chem. Biol., 2003, 7, 626-634.

18 C. Shi, C. Zhang, Y. Su and T. Cheng, Lancet Oncol., 2010, 11, 815-
816.

19 O.A. Andreev, A.D. Dupuy, M. Segala, S. Sandugu, D.A. Serra, C.O.
Chichester, D.M. Engelman and Y.K. Reshetnyak, Proc. Natl. Acad.
Sci. US A, 2007, 104, 7893-7898.

20 S. Luo, E. Zhang, Y. Su, T. Cheng and C. Shi, Biomaterials, 2011, 32,
7127-7138.

21 E. Zhang, S. Luo, X. Tan and C. Shi, Biomaterials, 2014, 35, 771-778

22 E. Zhang, C. Zhang, Y. Su, T. Cheng and C. Shi, Drug Discov. Today,
2011, 16, 140-146.

23 C. Zhang, T. Liu, Y. Su, S. Luo, Y. Zhu, X. Tan, S. Fan, L. Zhang, Y.
Zhou, T. Cheng and C. Shi, Biomaterials, 2010, 31, 6612-6617.

24 A. Srivatsan and X. Chen. Adv. Cancer Res., 2014, 124: 83-129.

25 J. Liu, L. Wang, J. Cao, Y. Huang, Y. Lin, X. Wu, Z. Wang, F. Zhang,
X. Xu and G. Liu. Nanoscale, 2014, 6: 9025-9033.

26 X. Yang, C. Shi, R. Tong, W. Qian, H.E. Zhau, R. Wang, G. Zhu, J.
Cheng, V.W. Yang, T. Cheng, M. Henary, L. Strekowski and L.W.
Chung, Clin. Cancer Res., 2010, 16, 2833-2844.

27 S. Fulda, L. Galluzzi and G Kroemer, Nat. Rev. Drug Discov., 2010,
9,447-464.

28 L. Galluzzi, E. Morselli, O. Kepp, . Vitale, A. Rigoni, E. Vacchelli,
M. Michaud, H. Zischka, M. Castedo and G. Kroemer, Mol. Aspects
Med., 2010, 31, 1-20.

29 L.B. Chen, Annu. Rev. Cell Biol., 1988, 4, 155-181.
30 Z.Wang, H. Li, S. Zhen and N. He. Nanoscale, 2012, 4: 3536-3542.
31 C. Zhang, S. Wang, J. Xiao, X. Tan, Y. Zhu, Y. Su, T. Cheng and C.
Shi, Biomaterials, 2010, 31, 1911-1917.
75 32 T.J. Jr. Lynch, Chest, 1993, 103, 385S-389S.

TOC:

Clinical samples

S
E
E
2
£

Cellpelts Dyestining  Fluorescentimaging Walignant leuroperitonal fusion detecion

so We present a fluorescent-based method to detect malignant cells
in clinical pleuroperitoneal effusion samples using NIR
heptamethine dye

6 | Journal Name, [year], [vol], oo—oo

This journal is © The Royal Society of Chemistry [year]

Page 6 of 6



