
Chinese Chemical Letters 33 (2022) 1865–1869

Contents lists available at ScienceDirect

Chinese Chemical Letters

journal homepage: www.elsevier.com/locate/cclet

Super-resolution imaging reveals the subcellular distribution of

dextran at the nanoscale in living cells

Huimin Chena, Han Wanga,b, Yongchun Weia, Maomao Hua,b, Bo Dongb, Hongbao Fangc,
Qixin Chena,∗

a Institute of Materia Medica, Shandong First Medical University & Shandong Academy of Medical Sciences, Ji’nan 250062, China
bDepartment of Cardiology, Shandong Provincial Hospital Affiliated to Shandong University, Ji’nan 250012, China
c State Key Laboratory of Coordination Chemistry, Chemistry and Biomedicine Innovation Center (ChemBIC), School of Chemistry and Chemical Engineering,

Nanjing University, Nanjing 210023, China

a r t i c l e i n f o

Article history:

Received 26 June 2021

Revised 9 October 2021

Accepted 11 October 2021

Available online 16 October 2021

Keywords:

Dextran

Subcellular distribution

Super-resolution imaging

Structured illumination microscopy

a b s t r a c t

Theranostic visualization of dextran at the nanoscale is beneficial for understanding the bioregulatory

mechanisms of this molecule. In this study, we applied structured illumination microscopy (SIM) to cap-

ture the distribution of Cy5-Dextran at different incubation periods in living cells. The results showed

that Cy5-Dextran could be absorbed by HeLa cells. In addition, we clarified that Cy5-Dextran exhibited

differential organelle distribution (lysosomal or mitochondrial) in a time-dependent manner. Moreover,

lysosomal Cy5-Dextran localization was found to be independent of the autophagy process, while Cy5-

Dextran localized to the mitochondria triggered a pro-apoptotic event, upregulating the levels of reactive

oxygen species (ROS) to accelerate mitochondrial fragmentation. This work uses a visualized strategy to

reveal the anti-tumor bioactivity of dextran, which was achieved by regulating apoptosis and autophagy.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Dextran, a harmless biopolymer physiologically, is composed

of glucose monomers connected by glycosidic bonds, and the

molecule can be found in bacteria, fungi, and cereal [1]. In these

years, dextran has become an ideal choice in the application

of bio-medicine owing to its hydrophilicity, biocompatibility and

biodegradability [2]. Dextran demonstrates diverse biological ef-

fects, including immune enhancement [3] and antitumor proper-

ties [4]. Recently, studies have focused on the anti-cancer effect of

dextran; Wang et al. reported that yeast β-d-glucan, an autophagy

inhibitor, achieved a significant anti-tumor effect by increasing

lysosomal pH and inhibiting the ability of lysosomal cathepsin to

accelerate damaged mitochondria [4]. Xu et al. reported that β-

glucan from Lentinus edodes promoted apoptosis by suppressing

the PI3K/Akt/mTOR and P53 pathways during breast cancer treat-

ment [5]. In general, researchers have used conventional detection

techniques, such as western blotting [6] and immunofluorescence

staining [5], to confirm that dextran exhibits its anti-tumor effect

by mediating the balance between autophagy and apoptosis. To

date, it has been difficult to visually describe dextran at the or-

ganelle level due to technical limitations.
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Classical pharmacokinetics is used to investigate factors such

as drug absorption, distribution, metabolism, and excretion at the

level of individual animals [7], while cellular pharmacokinetics fo-

cuses of the change in drug concentrations throughout subcellular

structure. However, conventional studies of cellular pharmacoki-

netics mainly rely on laser confocal microscopy [8], which is lim-

ited by the fact that Abbe diffraction makes it difficult to obtain

accurate drug distribution data below 200 nm [9,10]. This limita-

tion has also resulted in researchers being unable to visualize the

clear distribution of other polysaccharides (e.g., hyaluronic acid) in

living cells [11].

Recently developed super-resolution microscopy imaging tech-

niques, such as structured illumination microscopy (SIM) [12],

stimulated emission deletion [13], and stochastic optical recon-

struction microscopy [14], can be used to investigate organelle-

organelle interactions at the nanoscale in living cells. SIM, a super-

resolution fluorescence microscopy imaging technology, increases

its spatial resolution up to 100 nm through structured light il-

lumination [15]. In addition, it can be used for long-time super-

resolution imaging in living cells [16], providing a powerful tool for

the super-resolution track of organelle dynamic changes and the

visualized study of drugs [17,18].

To capture the detailed distribution of polysaccharides at the

organelle level, recently developed SIM [12] technology was in-
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Fig. 1. Super-resolution visualization of Cy5-Dextran distribution in living cells.

(a) Fluorescence images of HeLa cells incubated with Cy5-Dextran (10 μmol/L,

λex = 640 nm) for 0, 0.5, 1, 3, 6, and 12 h. (b) Enlargement of single Cy5-Dextran

puncta outlined in (a). (c) The normalized fluorescence intensity of Cy5-Dextran at

various time points. (d) Schematic representation of Cy5-Dextran staining in lyso-

somes and mitochondria in living cells over time.

troduced. This technique is suitable for most fluorescent labeling

probes (such as Cy5, FITC, and GFP), and can achieve an imaging

resolution of approximately 100 nm. Cy5 is widely used for drug

labeling, such as dexamethasone [19]. To utilize this tool to visual-

ize the specific subcellular distribution of dextran at the nanoscale,

we obtained a Cy5-linked dextran (Cy5-Dextran, Figs. S1a and S2 in

Supporting information) for use in SIM imaging.

Previous reports have shown that dextran exhibits anti-tumor

activity in HeLa cells [20]. To verify that the introduction of the

Cy5 fluorophore did not affect the biological functions of dextran,

we performed a cell proliferation experiment (Fig. S1b in Support-

ing information). The results demonstrated that when the concen-

tration of Cy5-Dextran was 0.5, 1 and 10 μmol/L, cell prolifera-

tion was inhibited (approximately 60%, compared with the con-

trol group), while when the concentration of Cy5-Dextran was in-

creased to 20 μmol/L, cell proliferation was significantly inhibited

(15.4%, compared with the control group). In addition, when the

cells were treated with Cy5 alone, cell proliferation was not inhib-

ited (Fig. S3 in Supporting information). Our results suggest that

the Cy5 fluorophore did not change the biological activity of dex-

tran, and that Cy5-Dextran can still exhibit an anti-tumor effect,

which is similar to the findings highlighted in a previous report

[4].

To examine the detailed dextran subcellular distribution, we ap-

plied 10 μmol/L Cy5-Dextran to HeLa cells for a 0.5 h incubation

period prior to SIM imaging using the single-channel mode with

excitation at 640 nm (Fig. 1a). When compared to the fluorescence

images taken at 0 h, after Cy5-Dextran treatment for 0.5 h the

SIM image showed weak fluorescence evenly dispersed throughout

the cytoplasm, indicating that Cy5-Dextran had entered the living

cells. Considering that dextran is a macromolecular polysaccharide

[1] and cannot quickly cross the cell membrane, we incubated the

cells with 10 μmol/L Cy5-Dextran for 0.5, 1, 3, 6, and 12 h to in-

vestigate whether any time-dependent behavior could be observed

within the tumor cells (Fig. 1b). The results showed that with an

increase in time, the fluorescence intensity of the particles in the

cells gradually increased (Fig. 1c). We also noticed that during the

0.5–3 h incubation period there was no significant change in the

distribution (Figs. 1a and b) and fluorescence intensity (Fig. 1c) in

the cells. The diameter of fluorescence puncta stained with Cy5-

Dextran for 3 h period was approximately 0.4 μmol/L (Fig. S4 in

Supporting information), which is similar to previous reports on

the description of lysosomes [21]. After 6 and 12 h Cy5-Dextran

incubation periods we observed increased fluorescence intensity

and a new distribution pattern, with the images now showing fi-

brous and rod-like shapes (Figs. 1a and b), which is similar to pre-

vious reports on the morphology of mitochondria [22]. We also

confirmed that Cy5 dye incubation alone could not obtain these

subcellular distribution events (Fig. S5 in Supporting information),

which similar to previously reported [19]. These results confirmed

that Cy5-Dextran exhibited a time-dependent variation in cellular

distribution.

The puncta size after Cy5-Dextran incubation for 3 h followed

typical lysosomal characteristics, prompting us to further confirm

the colocalization of fluorescent particles caused by Cy5-Dextran

incubation during this 3 h period. A commercial lysosome probe

(Lyso-Tracker Green, LTG) was used to co-stain HeLa cells along-

side Cy5-Dextran. The results showed that some of the magenta

particles stained by Cy5-Dextran were localized in the LTG-labeled

lysosomes at 1 and 3 h (Figs. 2a and c), suggesting that part of the

subcellular localization of Cy5-Dextran during the 1–3 h incubation

period could be attributed to localization within the lysosomes of

the cell.

For the fibrous and rod-shaped distribution pattern demon-

strated by Cy5-Dextran incubation between 6 and 12 h (Fig. 1a),

we further verified whether Cy5-Dextran was localized within

the mitochondria. A commercial mitochondrial probe (Mito-Tracker

Green, MTG) and Cy5-Dextran were used to co-stain HeLa cells.

The results showed that Cy5-Dextran was localized to the MTG-

labeled mitochondria zones during Cy5-Dextran incubation for 6

and 12 h (Figs. 2b and c). Moreover, some normal fibrous-like mi-

tochondria became swollen or fragmented after Cy5-Dextran incu-

bation for 12 h (Fig. 2b). To further observe and investigate Cy5-

Dextran entering the mitochondria at 6 h, we captured 3D images

from different rotation angles around a solid white line (Fig. 2d, 0–

180°). Analysis of these images revealed that Cy5-Dextran had con-

tacted the mitochondria at 6 h (Fig. 2e) and wrapped around their

surface like a “concealed button.” These results supported the fact

that Cy5-Dextran incubation for 6 and 12 h involved localization of

the molecule to the mitochondria. Altogether, we found that Cy5-

Dextran exhibited a different organelle distribution (lysosomal or

mitochondrial) in a time-dependent manner (Fig. 2f).

After clarifying that Cy5-Dextran incubation for 6 and 12 h

could induce mitochondrial fragmentation (Fig. 2b), we further in-

vestigated the mechanism underpinning the damage induced by

Cy5-Dextran to mitochondria through further imaging. We cap-

tured more representative Cy5-Dextran-mitochondrial contacts and

the fragmentation of mitochondria after Cy5-Dextran incubation

for 12 h and with MTG staining for 0.5 h (Fig. 3a). We found that

Cy5-Dextran initially kept some distance between itself and mi-

tochondria at 1 h, after which the molecule then localized more

closely, entering the mitochondria at 6 h (Fig. S6 in Supporting in-

formation). These results confirmed that Cy5-Dextran could con-

tact and damage mitochondria after incubation for 6-12 h in HeLa

cells.
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Fig. 2. Time-dependent Cy5-Dextran distribution in different organelles (mitochondria or lysosomes). (a) SIM images of HeLa cells co-stained with lysosome-tracker-green

(LTG) (λex = 488 nm) for 0.5 h, and Cy5-Dextran (λex = 640 nm) at 1 and 3 h time points. Zoom-in images are of the areas surrounded by white rectangles. (b) Cells were

treated with Cy5-Dextran (λex = 640 nm) for 6 and 12 h and then stained with mito-tracker green (MTG) (λex = 488 nm) for 0.5 h. (c) The PCC values for Cy5-Dextran and

LTG/MTG at different time points. (d) Different angle images for cells co-stained with Cy5-Dextran for 6 h and MTG for 0.5 h. The solid white line indicates a fluorescence

intensity of 0°, shown in (e). (e) The red and green lines represent Cy5-Dextran and MTG intensity, respectively. (f) Schematic representation of the subcellular distribution

of Cy5-Dextran in lysosomes or mitochondria at various time points.

It is well known that there are many factors that contribut-

ing to mitochondrial damage, including the presence of reactive

oxygen species (ROS) [23,24]. ROS are small molecules with high

activity and a short lifetime [25] that play a central role in the

regulation of major apoptotic pathways mediated by mitochon-

dria, dead recipients, and the endoplasmic reticulum [26]. High

levels of ROS can oxidize cellular components, proteins, and DNA,

which can then threaten the integrity of cell structure and function

[27]. In addition, ROS can cause mitochondrial membrane rupture

and apoptotic protein release, which can also further induce cell

apoptosis [28]. Therefore, we sought to determine if the level of

mitochondrial ROS changed between untreated and Cy5-Dextran-

treated HeLa cells through the use of a green ROS commercial

probe and a red-fluorescent mitochondrial dye (MTR) (Figs. 3b and

c). The results revealed that the filamentous mitochondria in the

untreated group became spherical after Cy5-Dextran incubation for

12 h (Fig. 3c, Fig. S7 in Supporting information). Moreover, the ROS

level in the Cy5-Dextran-treated HeLa cells was significantly higher

than that in untreated HeLa cells (Fig. 3d), indicating that Cy5-

Dextran increased the level of ROS-induced mitochondrial damage

after entering the mitochondria to switch on apoptosis.

A previous study has shown that the process of autophagy is

an important target for tumor therapies [29], meaning that dex-

tran has potential as an anti-tumor drug due to its use as an au-

tophagy inhibitor [4]. To examine the influence dextran had on au-

tophagy at the cellular and subcellular levels using SIM, cells were

stained with 0.1 μmol/L of autophagosome dye (DAPGreen) [30] for

0.5 h, and then treated with 10 μmol/L of Cy5-Dextran for 1 and

3 h periods (Fig. 4a). Compared with untreated cells, the number

of DAPGreen-labeled particles in the treated cells did not increase

significantly (Fig. 4a) and Cy5-Dextran-labeled magenta particles

did not overlap with these green particles (Figs. 4b and c). This

indicates that the subcellular distribution of Cy5-Dextran was in-

dependent of the autophagy process (Fig. 4d), which is consistent

with previously reported results [4]. This result provides the first

visual data supporting the fact that Cy5-Dextran subcellular distri-

bution is independent of the autophagy process, building upon tra-

ditional western blotting [4] and other similar strategies [5,6,31].

In summary, when compared to traditional technologies, SIM

achieves super-resolution imaging at the nanoscale in living cells.

In our study, SIM was applied to track dextran localization at dif-

ferent incubation periods in living cells in order to realize thera-

nostic visualization. Our work provides notable visualization data

highlighting the biological mechanism of dextran, showing how

Cy5-Dextran can be absorbed by cells and distributed in different

organelles (lysosomes or mitochondria) over time. Moreover, we

demonstrated that the Cy5-Dextran localized to the lysosomes was

independent of the autophagy process, while Cy5-Dextran localized
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Fig. 3. Cy5-Dextran localized to the mitochondria triggers a pro-apoptosis event. (a) The interaction between Cy5-Dextran (λex = 640 nm) and mitochondria after a 12 h

incubation period. Zoom-in images are of areas surrounded by the white rectangles. (b) The ROS levels detected in untreated and Cy5-Dextran-treated (12 h) HeLa cells

(c) Cells were stained with MTR (λex = 561 nm) for 0.5 h and ROS commercial green probe for 0.5 h. The white solid square indicates where fluorescence intensity

profiles shown in (d) were measured. (d) Intensity profiles indicating that HeLa cells incubated with Cy5-Dextran for 12 h can increase mitochondria ROS levels, accelerating

mitochondria fission.

Fig. 4. SIM visualization of the influence of Cy5-Dextran localization on autophagy.

(a) Cells were treated with Cy5-Dextran (λex = 640 nm) for 0, 1, and 3 h and

then stained with the autophagosome dye DAPGreen (λex = 488 nm) for 0.5 h.

(b) Zoom-in images of regions of interest in the white rectangle from (a). (c) The

co-localization value (PCC) for DAPGreen and Cy5-Dextran at 1 and 3 h of incu-

bation. (d) Schematic representation of how Cy5-Dextran subcellular distribution is

independent of the autophagosome.

to the mitochondria promoted cancer cell apoptosis by increas-

ing ROS levels to accelerate mitochondrial fragmentation (Fig. S8

in Supporting information). Furthermore, super-resolution imaging

can be applied to investigate the subcellular distribution of drugs

at the nanoscale level, which may be used to reveal the mecha-

nisms underlying their biological activity at different levels of vi-

sualization.

Declaration of competing interest

The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared to

influence the work reported in this paper.

Acknowledgments

This work was supported by National Natural Science Foun-

dation of China (Nos. 22107059, 21801158, 81870283, 82070382),

Program of Taishan Scholars Programme (No. 20190979), Academic

Promotion Programme of Shandong First Medical University (No.

2019LJ003), National Postdoctoral Program for Innovative Talents

(No. BX2021123), The China Postdoctoral Science Foundation (No.

2021M691505) and the Jiangsu Postdoctoral Research Funding Pro-

gram (No. 2021K125B). We thank Translational Medicine Core Fa-

cility of Shandong University for consultation and instrument sup-

port.

Supplementary materials

Supplementary material associated with this article can be

found, in the online version, at doi:10.1016/j.cclet.2021.10.025.

References

[1] K.M.I. Bashir, J.S. Choi, Int. J. Mol. Sci. 18 (2017) 1906.

[2] R. Raveendran, G.S. Bhuvaneshwar, C.P. Sharma, Carbohydr. Polym. 137 (2016)
497–507.

[3] J.G. Lee, Y.S. Kim, Y.J. Lee, et al., Nutrients 8 (2016) 336.
[4] N. Wang, H. Liu, G. Liu, et al., Redox. Biol. 32 (2020) 101495.

[5] H. Xu, S. Zou, X. Xu, Oncotarget 8 (2017) 86693–86709.

[6] O. Vittorio, M. Brandl, G. Cirillo, et al., Oncotarget 7 (2016) 47479–47493.
[7] X. Duan, G. Zhao, X. Han, et al., Oncol. Rep. 46 (2021) 124.

[8] K. Wang, W. Ma, Y. Xu, et al., Chin. Chem. Lett. 31 (2020) 3149–3152.
[9] M.M. Usaj, E.B. Styles, A.J. Verster, et al., Trends Cell Biol. 26 (2016) 598–611.

[10] Z. Liu, L.D. Lavis, E. Betzig, Mol. Cell 58 (2015) 644–659.
[11] X. Fu, W. Shang, S. Wang, et al., Chem. Commun. 53 (2017) 3555–3558.

[12] X. Huang, J. Fan, L. Li, et al., Nat. Biotechnol. 36 (2018) 451–459.

[13] J. Hanne, H.J. Falk, F. Görlitz, et al., Nat. Commun. 6 (2015) 7127.
[14] B. Huang, W. Wang, M. Bates, X. Zhuang, Science 319 (2008) 810–813.

[15] Q. Chen, C. Jin, X. Shao, et al., Small 14 (2018) 1802166.
[16] X. Li, J. Zheng, W. Liu, et al., Chin. Chem. Lett. 31 (2020) 2937–2940.

[17] Q. Chen, X. Shao, Z. Tian, et al., Nano Res. 12 (2019).
[18] Y. Wei, L. Kong, H. Chen, et al., Chem. Eng. J. (2021) 132134.

[19] S. Liu, G. Ge, W. Dong, et al., Sens. Actuators B 253 (2017) 1145–1151.

[20] R. Shukla, A. Goyal, Int. J. Biol. Macromol. 62 (2013) 352–357.
[21] Q. Chen, X. Shao, M. Hao, et al., Biomaterials 250 (2020) 120059.

[22] Q. Chen, H. Fang, X. Shao, et al., Nat. Commun. 11 (2020) 6290.
[23] M.B. Azad, Y. Chen, S.B. Gibson, Antioxid. Redox Signal. 11 (2009) 777–790.

[24] Y. Wen, F. Huo, C. Yin, Chin. Chem. Lett. 30 (2019) 1834–1842.

1868



H. Chen, H. Wang, Y. Wei et al. Chinese Chemical Letters 33 (2022) 1865–1869

[25] C.C. Winterbourn, Free Radical Biol. Med. 80 (2015) 164–170.

[26] M. RedzaDutordoir, D.A. AverillBates, BBA - Molecular Cell Res. 1863 (2016)

2977–2992.
[27] S.S. Ruth, E. Zvulun, Trends Cell Biol. 17 (2007) 422–427.

[28] AM. B, Yongqiang C., GS. B, Antioxid. Redox Signal. 11 (2009) 777–790.

[29] Y.C. Won, J. Juhee, G. Gyeongyun, et al., Int. J. Mol. Sci. 22 (2020) 179.

[30] H. Iwashita, H.T. Sakurai, N. Nagahora, et al., FEBS Lett. 592 (2018) 559–567.
[31] R. Shukla, A. Goyal, Int. J. Biol. Macromol. 62 (2013) 352–357.

1869


