
Asian Journal of Pharmaceutical Sciences 17 (2022) 401–411 

Available online at www.sciencedirect.com 

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

Original Research Paper 

Changes in target ability of nanoparticles due 

to protein corona composition and disease state 

Wenwen Xu 

a , Mingyu Xu 

a , Yumeng Xiao 

a , Lu Yu 

b , Huiru Xie 

b , Xuehua Jiang 

a , 
Meiwan Chen 

c , Huile Gao 

a , ∗, Ling Wang 

a , ∗

a Key Laboratory of Drug-Targeting and Drug Delivery System of the Education Ministry, Sichuan Engineering Laboratory for Plant-Sourced 
Drug and Sichuan Research Center for Drug Precision Industrial Technology, West China School of Pharmacy, Sichuan University, Chengdu 
610064, China 
b Chengdu Finelyse Pharmaceutical Technology Co. ltd, Chengdu 610064, China 
c State Key Laboratory of Quality Research in Chinese Medicine, Institute of Chinese Medical Sciences, University of Macau, Macau, China 

a r t i c l e i n f o 

Article history: 

Received 3 December 2021 

Revised 14 January 2022 

Accepted 4 March 2022 

Available online 4 April 2022 

Keywords: 

Protein corona 

Diabetes mellitus 

Comorbidity 

Targeting capability 

a b s t r a c t 

Many studies have shown the influence of protein corona (PC) on the active targeting 

capability of ligand-modified nanoparticles; however, the influence of clinical status on 

PC composition and targeting capacity is rarely discussed. In this study, when transferrin- 

modified PEGylated polystyrene nanoparticles (Tf-PNs) is intravenously injected into mice 

with non-small cell lung cancer (NSCLC) comorbid with type 2 diabetes mellitus (T2DM), 

more Tf-PNs accumulated in the tumor tissue than in those of NSCLC model mice. This 

indicated that PC derived from different states of disease changed the active targeting ability 

of Tf-PNs. To explain the occurrence of this phenomenon, our analysis of PC from different 

disease states revealed that Tf (transferrin) modification had no significant effect on the 

formation of PC, and that the PC from the NSCLC comorbid with T2DM model contained 

more proteins like fibrin and clusterin. This work demonstrates the impacts of comorbidity, 

such as with T2DM, on the active targeting capability of ligand-modified nanoparticles, and 

the results promote the application of nanoparticles for precision medicine. 

© 2022 Shenyang Pharmaceutical University. Published by Elsevier B.V. 
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1. Introduction 

Engineered nanoparticles have been considered a powerful
and promising tool for drug delivery, but few of them
have been approved for clinical application [ 1 ,2 ]. There
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remains a wide gap between laboratory discovery and
clinical translation, mainly because of the inevitable surface
biotransformation of nanoparticles [3] . When exposed to
biological environments, nanoparticles non-selectively absorb
to various biomolecules, forming a protein corona (PC).
The formation of PC can significantly change nanoparticle
rsity. 

sevier B.V. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.ajps.2022.03.002
http://www.sciencedirect.com/science/journal/18180876
http://www.elsevier.com/locate/AJPS
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajps.2022.03.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gaohuile@scu.edu.cn
mailto:wlin_scu@scu.edu.cn
https://doi.org/10.1016/j.ajps.2022.03.002
http://creativecommons.org/licenses/by-nc-nd/4.0/


402 Asian Journal of Pharmaceutical Sciences 17 (2022) 401–411 

p  

P  

a  

t
d
e
i
s

 

a
l
i
i
m
o
m
m
r
o  

t
t

c
d  

S
i  

p
[
d
m  

S
e
t
m
m
a
s
w
t  

t
p
c
n
s
e

c
[
d
o
p
e
m
i
g
T
(

d

f
p
f
o
i
p
P  

t
i
b  

t
P
a
w
u
c
n
i
n

2

2

A
H
b
f
p  

P
o
w
c
H
S

2

F
n
p
t
a
[
(
c
a
(
2
m
r
e
t
(
t
p
(
U

roperties, such as size, surface chemistry, and charge [ 4 ,5 ].
C can alter the nanoparticle’s toxicological, pharmacokinetic,
nd pharmacological profile, including circulation time,
issue distribution, cellular recognition, and even intracellular 
istribution [6–8] . Therefore, it is of great significance to 
valuate the formation of PC in biological conditions and its 
mpact on the performance of nanoparticulate drug delivery 
ystems. 

Target nanomedicines have been illustrated in practice,
nd meet varying levels of success by exploiting specific 
igands on the surface of nanoparticles [ 9 ,10 ]. Though possible 
n theory and in vitro experiments, they are not feasible 
n clinical practice [3] . Recent studies have shown that PC 

ight have a significant influence on the targeting ability 
f nanomedicines. PC may cause a loss in target ability by 
asking the targeting ligands [ 11 ,12 ] However, the attached PC 

ay contain some specific proteins that help nanoparticles be 
etargeted [ 9 ,13–15 ]. The proteins could attach to the surface 
f nanoparticles or penetrate the gap of the targeting ligand,
hereby changing the targeting efficiency and making the 
argeting result unpredictable. 

The composition of PC largely depends on the protein 

omponents in human plasma. Additionally, the type of 
isease plays a vital role in the protein composition of PC.
ome research indicates that the PC attached to nanoparticles 

s significantly different in patients with cancer, diabetes,
regnancy, and hemophilia A, compared to healthy subjects 

16–18] . Due to differences in plasma protein composition in 

ifferent disease states, proteins adsorbed to nanoparticles 
ay be different, thus affecting the function of nanomaterials.

tudies have shown that albumin and apolipoprotein- 
nriched PC on the surface of nanoparticles may reduce 
he uptake in immune cells (monocytes, dendritic cells, and 

acrophages) [ 19 ,20 ]. On the contrary, opsonin-enriched PC 

ight induce the uptake of nanoparticles by macrophages 
nd be quickly cleared out of the body [21] . An in-depth 

tudy of how disease states affect targeted nanoparticles and 

hat function the proteins perform can help us find a way 
o improve the targeting ability of nanoparticles. However,
here are many complications that can lead to changes in 

lasma protein in clinical settings. The impact of underlying 
omorbidity on PC composition and the targeting of the 
anoparticle-PC complex remains unclear. Therefore, this 
tudy aims to better understand the effect of the biological 
nvironment on nanomaterials. 

Non-small cell lung cancer (NSCLC) patients diagnosed 

omorbid with diabetes have high incidence and mortality 
 22 ,23 ]. Moreover, many studies demonstrated that preexisting 
iabetes has a significant and adverse influence on the 
verall survival (OS) of patients with NSCLC [24–27] . PEGylated 

olystyrene nanoparticles (PEG-PNs) are widely used to 
valuate the influence of PC. Transferrin is widely used as a 
odel ligand because the Tf receptor (TfR) is highly expressed 

n a variety of malignant tumor cells, such as NSCLC and 

lioma [ 28 ,29 ]. For this reason, we chose NSCLC comorbid with 

2DM as a representative of disease, and Tf modified PEG-PNs 
Tf-PNs) were selected to evaluate the effect of complication. 

We recently proved that NSCLC patient-derived PC 

iminished the A549 uptake of Tf-PNs in a large part than PC 
rom healthy volunteers [22] . However, the PC derived from 

atients with T2DM comorbid with NSCLC differ from those 
rom NSCLC patients. Thus, the PC might have different effects 
n the biological behavior of nanoparticles. In this study, we 

ncubated PEG-PNs and Tf-PNs with the plasma of NSCLC 

atients and NSCLC comorbid with T2DM patients to acquire 
C-coated PEG-PNs and PC-coated Tf-PNs in vitro . Similarly,
he in vivo PC-coated nanoparticles were established by 
ntravenous injecting nanoparticles into mice intravenously 
earing NSCLC or NSCLC comorbid with T2DM. Subsequently,
he in vivo and in vitro behavioral changes in PC-coated PEG- 
Ns and Tf-PNs were observed through immunofluorescence 
nd live imaging. In addition, the composition of PC 

as analyzed via proteomics. The results reveal that 
nderlying comorbidity would induce changes in the PC 

omponent of nanoparticles and affect the targeting ability of 
anoparticles. Our goal is to realize the use of nanoparticles 

n clinical settings and improve the applicability of precision 

anomedicine. 

. Materials and methods 

.1. Human specimens and ethics statement 

ll human plasma samples were collected at People’s 
ospital of Xishuangbanna. Plasma samples were isolated 

y centrifugation from heparinized venous blood obtained 

rom NSCLC patients comorbid with T2DM ( n = 3) and NSCLC 

atients ( n = 3) treated without radio- or chemotherapy.
lasma was stored at −80 °C until use. Informed consent was 
btained from each participant before analysis, and the study 
as approved by the 111 Project (B18035). This study was 

onducted according to the principles of the Declaration of 
elsinki and approved by the Medical Ethics Committee of 
ichuan University (K2020005). 

.2. Synthesis of fluorescent polystyrene nanoparticles 

luorescent (coumarin-6 or DiD) labeled polystyrene 
anoparticles were synthesized by microemulsion 

olymerization, and PEG and Tf modification was conducted 

o synthesize PEGylated polystyrene nanoparticles (PEG-PNs) 
nd Tf modified PEG-PNs (Tf-PNs), as reported previously 
4] . A mixture of styrene, 2,2 ′ -azobis (2-methylbutyronitrile) 
V59) as an initiator, hexadecane as a hydrophobe, and 

oumarin-6 as fluorescence marker was added to the 
queous phase containing C16-C18 fatty alcohol ethoxylates 
Lutensol AT 50) as a non-ionic surface-active agent and 

-aminoethyl methacrylate hydrochloride as the amino 
onomer. PEG-PNs were synthesized by the chemical 

eaction between the amino group on PNs and the NHS 
nd of PEG. Transferrin-modified PEG-PNs was conducted 

o synthesize Tf-PNs by reacting with the maleimide group 

Mal) on PEG [30] . The product was lyophilized to determine 
he concentration of PNs solution. The size and electric 
otential of PN was measured by dynamic light scattering 

DLS) with NanoZS90 (Malvern Instruments Ltd., Malvern, 
K). 
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2.3. Preparation of PC-coated PNs derived from human 

plasma in vitro and mouse plasma in vivo 

PC-coated PNs derived from human plasma were obtained
with PEG-PNs or Tf-PNs (100 μl of 50 mg/ml) cultured with
900 μl of human plasma (100%, from the comorbidity or
NSCLC group) at 37 °C on a shaker away from light for 1 h.
For the PC-coated PNs derived from mouse plasma in vivo ,
PNs (100 μl, 50 mg/ml) were injected intravenously to C57BL/6
mice. After 10 min, blood was collected and centrifuged at
8000 rpm and 4 °C for 10 min. All the supernatants (plasma
with PNs) were combined and loaded onto a Sepharose CL-
4B column (16 × 1.0 cm 

2 ) (Merck KGaA, Darmstadt, Germany).
PNs were eluted with PBS and concentrated by ultrafiltration
(Amicom Ultra 100 KDa, Merck KGaA, Darmstadt, Germany).
The concentration of PNs was calculated according to the
turbidimetry. The concentration of protein adsorbed to the PN
surface was measured with a BCA protein assay kit. 

2.4. Fluorescence confocal imaging 

For fluorescence confocal imaging, A549 (human lung
carcinoma epithelial cells) and LLC (mouse Lewis lung
carcinoma cells) cells were seeded on coverslips in 12-well
plates at a density of 5 × 10 3 cells/well for 24 h of culture
expansion. Cells were treated with different coumarin-
stained PNs (with/without PC) diluted with serum-free
DMEM to an equal concentration (30 μg/ml) for 0.5, 1 and
2 h, respectively. Then, cells were washed with PBS and fixed
with 4% paraformaldehyde. The nuclei were stained with
mounting medium and DAPI (Solarbio, Beijing, China). The
fluorescence of coumarin within cells was visualized by laser
scanning microscopy (Zeiss LSM, Carl Zeiss AG, Oberkochen,
Germany). 

2.5. Flow cytometry 

A549 and LLC cells were seeded, respectively, in 12-well
plates at a density of 1 × 10 4 cells/well for 24 h of culture
expansion, then treated with different coumarin-stained
PNs (with/without PC) diluted with serum-free DMEM to an
equal concentration (30 μg/ml) for 0.5, 1 and 2 h, respectively.
The cells were washed with PBS, detached from the plate
with trysin, collected by centrifugation (1500 rpm, 3 min),
resuspended with 150 μl PBS, and analyzed by flow cytometry
(BD Biosciences Co., Ltd., NJ, USA). 

2.6. In vivo distribution 

In the comorbidity group, adult male C57/BL6 mice were fed a
high-fat diet for eight weeks before intraperitoneal injection
of streptozotocin (STZ) 50 mg/kg per day for five consecutive
days. After injection, a high-fat diet was continued for one
week. T2DM mice models were generated successfully if the
fasting blood glucose � 11.1 mmol/l [31] . Mice of all groups
were anesthetized and injected subcutaneously with LLC
cells (5 × 10 6 , in 100 μl PBS). Mice were subjected to imaging
studies when tumor size reached around 100 mm 

3 . Tf-PNs
and PEG-PNs were freshly prepared and stained with DiD.
Tumor-bearing mice were monitored with an IVIS Spectrum
(Perkin Elmer, Inc., Waltham, MA, USA) after tail vein injection
of different DiD-loaded PNs (with/without PC; 50 mg/ml,
100 μl). Images were captured at 1, 2, 4, 8 and 24 h post-
injection. The hearts, livers, spleens, lungs, kidneys, brains,
and tumors from all groups were harvested and subjected
to fluorescence imaging immediately after fixation in 4%
paraformaldehyde. 

2.7. Proteomics (LC-MS analysis) 

The PC of PNs was characterized by label-free proteomic
analysis using nano-liquid chromatography-tandem mass
spectrometry (carried out at OE Biotech Ltd., Shanghai, China).

2.8. Statistical analysis 

All data are shown as the mean ± SD. All statistical
analyses were performed with SPSS 25.0. All figures were
performed by GraphPad Prism 9.0, and bioinformatics analysis
was performed using the OmicStudio tools at https://www.
omicstudio.cn/tool . Student’s t -test was used to calculate
statistical significances. P < 0.05 was considered statistically
significant. All experiments were performed in triplicate. 

2.9. Data availability 

The data supporting the findings of this study are available
within the paper and the Supplementary Information. All
other data are available from the authors upon reasonable
request. 

3. Results and discussion 

3.1. Preparation and characterization of PEG-PNs and 

Tf-PNs 

Tf-PNs and PEG-PNs were synthesized as reported [ 4 ,30 ].
The sizes of the PEG-PNs and Tf-PNs were 94.28 ± 1.10 nm
and 104.83 ± 2.95 nm (Supplementary Table S1 and Fig. 2 A),
respectively. Both had a small polydispersity index (PDI)
(Supplementary Table S1 and Fig. 2 A), which is consistent
with TEM analysis and the round shape of the nanoparticles
(Supplementary Table S1 and Fig. 2 C). The surface charge of
the PEG-PNs and Tf-PNs was 1.04 ± 0.31 mV and 0.67 ± 0.13 mV
(Supplementary Table S1 and Fig. 2 B), respectively. The
similar size and charge might eliminate the effects of
physicochemical properties of nanoparticles on protein
adsorption and corona composition [32–34] . 

3.2. The effect of disease state on PEG-PNs and Tf-PNs in 

vivo behavior 

DiD-loaded PEG-PNs and Tf-PNs were synthesized and
administrated intravenously into NSCLC mice and NSCLC
comorbid with T2DM mice to reveal the in vivo behavior of
PNs by fluorescence imaging. PNs accumulated in the tumor
tissue at 1 h post-injection and remained in the tumor area
for 24 h ( Fig. 1 A). Organs were harvested 24 h post-injection
and visualized by fluorescent imaging ( Fig. 1 B). This indicated

https://www.omicstudio.cn/tool
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Fig 1 – In vivo distribution of PEG-PNs and Tf-PNs in NSCLC comorbid with T2DM mice or NSCLC mice. (A) Fluorescent 
images were captured at 1, 2, 4, 8 and 24 h after intravenous injection of PEG-PNs or Tf-PNs in different disease states. (B) 
Organs and tumors were imaged by fluorescent microscope at 24 h. (D) Fluorescent images of tumors at 24 h, and (C) 
fluorescence intensity. ∗ P < 0.05 and 

∗∗ P < 0.01. 
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hat PNs were mainly captured, metabolized, and cleared by 
he liver because of the stronger signal in the liver. Among 
he four groups, Tf-PNs accumulated more in the tumor area 
han PEG-PNs, and more in the NSCLC comorbid with T2DM 

roup than the NSCLC group ( Fig. 1 C and 1D). This result shows
hat the same nanoparticles had different bio-distributions in 

ifferent disease states, and Tf-PNs accumulated much more 
n the NSCLC comorbid with T2DM groups. 

In conclusion, the state of the disease affects the 
istribution of nanoparticles. The interaction of receptor on 

ell and ligand on the nanoparticle surface involved the 
iological fate of nanoparticles. As is known that proteins 

n circulation will interact with nanoparticles once injected 

n vivo and form PC on the nanoparticle surface. Thus, we 
dentified the composition of the PC on the nanoparticles 
nd analyzed the difference caused by composition of plasma 
rotein in different disease states. 
.3. Characterization of PC-coated PNs in vivo and in 

itro 

he different biodistribution of Tf-PNs and PEG-PNs in 

ifferent disease states may be caused by different PC. We 
ollected and concentrated PNs-coated with PC derived from 

uman plasma in vitro and mice plasma in vivo to reveal the 
urface characteristics of the PC. The PN size increased to 
bout 30 nm after forming PC, while the size of all groups 
as under 150 nm ( Fig. 2 A). The size of PNs coated with PC
erived from human plasma in vitro was slightly bigger than 

hat delivered from mice plasma in vivo . TEM imaging revealed 

hat PNs retained their spherical structure after being coated 

C, even as the size increased ( Fig. 2 C). Moreover, a layer of
esicular structures surrounding the PN surface was observed,
hich confirmed the formation of PC. Furthermore, the ζ - 
otential reversed from positive to negative after PC formation 
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Fig 2 – Preparation and characterization of PC-coated PNs derived from NSCLC and NSCLC comorbid with T2DM in vivo and 

in vitro . (A) The Z-average size (nm), PDI and (B) the ζ-potential distribution of bare PNs and PC-coated PNs, as determined 

by DLS. (C) TEM images of PNs and PC-coated PNs. All scale bars are 100 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( Fig. 2 B). In conclusion, the surface properties of the prepared
PC-coated Tf-PN and PEG-PN changed considerably. 

3.4. The effect of human and mice-derived PC on cellular 
uptake 

Bare PNs (PEG-PNs and Tf-PNs), PNs coated with NSCLC
human plasma-derived PC (hN-PEG-PNs, hN-Tf-PNs), and PNs
coated with NSCLC comorbid with T2DM human plasma-
derived PC (hND-PEG-PNs and hND-Tf-PNs) were incubated
with A549 cells for a certain time to explore the impact of PC
on cellular uptake. The result shows that PNs accumulated in
A549 cells in a time-dependent manner. The results showed
that A549 cells had higher uptake of Tf-PNs than PEG-PNs in
1 h and 2 h ( P < 0.01) ( Figs. 3 A), which indicated that the Tf
modification enhanced cellular uptake. Then, A549 cells were
exposed to free Tf (500 μM) for 1 h before administration of
PNs to competitively inhibit the action of the TfR. The result
shows that free Tf can considerably decrease the cellular
uptake of Tf-PNs ( P < 0.05), indicating that A549 cells mainly
took up Tf-PNs via the TfR-mediated endocytosis pathway
( Fig. 3 B and 3 C). 

The accumulation of PNs in A549 cells remarkably
decreased, and in both morbid state groups, the difference
between PEG-PNs and Tf-PNs disappeared after coating with
PC ( Fig. 3 A and 3 C). This might indicate that the formation
of PC impedes nanoparticles entering cells and leads to the
loss of target specificity of Tf-PNs. However, the accumulation
of all PC-coated PNs in cells was the same, with or without
free Tf pre-incubation. This phenomenon indicates that the
specific endocytosis of Tf-PNs triggered by TfR disappeared
after PC-coating, and that its transportation into the cell
also changed after PC-coating. These results are consistent
with previous reports that PC may partially or entirely
block the ligand, leading to a loss in targeting ability 
[ 4 ,34 ,35 ]. 

In addition, we observed that Tf-PNs with PC derived
from NSCLC comorbid with T2DM accumulated more in A549
cells, when compared with that derived from NSCLC patients
( Fig. 3 A). This difference does not correspond with the change
in size and surface charge, but is instead more related to
the type and composition of PC protein. Then, the same
experiment was performed using LLC cells, which were
derived from mice with NSCLC, to verify the cell uptake results
of PC derived from mice with NSCLC or mice with NSCLC and
T2DM. The cellular uptake of NSCLC mice-derived PNs (mN-
PEG-PNs and mN-Tf-PNs) and NSCLC comorbid with T2DM
mice-derived PNs (mND-PEG-PNs and mND-Tf-PNs) on LLC
cells was similar to that with human derived PC ( Figs. 3 D and
3 E). 
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Fig 3 – Cellular uptake of bare PNs and PC-coated PNs from human plasma in vitro and mice plasma in vivo . (A) 
Accumulation of PNs in A549 cells determined by flow cytometry ( n = 3). ∗∗ means P < 0.01, ∗∗∗ means P < 0.001 (B) Cellular 
uptake of PNs in A549 cells for 1 h with and without free Tf in the medium. ∗ means P < 0.05 and 

∗∗ means P < 0.01 
compared with Tf-PNs without Tf incubation, ## means P < 0.01 compared with PEG-PNs without Tf incubation, and & 

means P < 0.01 compared with hND-Tf-PNs without Tf incubation. (C) Confocal laser scanning microscope images of A549 
cells taking up coumarin-stained PNs with and without free Tf in medium. Blue color represented cell nucleus; green 

represented PNs; red represented lysosomes; scale bar represented 10 μm. (D) Accumulation of PNs in LLC cells with flow 

cytometry ( n = 3). (E) Confocal laser scanning microscope images of LLC cells taking up coumarin-stained PNs. 

Table 1 – Protein bound to PNs’ coronas. Micrograms of protein per milligram of PNs ( μg/mg). 

Groups Mice-derived PC Human-derived PC 

PEG-PNs Tf-PNs PEG-PNs Tf-PNs 

NSCLC group 480.93 ± 6.13 536.67 ± 32.82 2030.70 ± 124.81 2394.14 ± 94.31 
Comorbidity group 511.80 ± 55.61 535.74 ± 37.71 2179.49 ± 152.78 2461.34 ± 90.39 
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.5. Quantitative analysis of PC derived from human in 

itro and mice in vivo 

o explore the difference in PC, the qualitative and 

uantitative characterization of proteins in them was 
onducted. Protein-absorbing ability was determined from 

he mass of protein per mg of PNs absorbed. The amount 
f protein in each group is presented in Table 1 . The Tf-PN 

bsorbed more protein than PEG-PN, which may be due to the 
igand modification [36] . Although Tf-PNs could absorb more 
rotein when injected into NSCLC comorbid with T2DM mice,
he results showed no statistically significant differences. 
The distinct proteomic fingerprints were obtained to reveal 
he composition of PC by LC/MS. All proteins were displayed 

nd analyzed by relative protein abundance (RPA). First, the 
rotein was categorized according to molecular weight (MW),
ith 10 kDa as the unit. According to the qualitative results 
f SDS-page and the quantitative results of proteomics, the 

argest MW protein was around 20–80 kDa (Figs. S4&S5 and 

ig. 4 A and 4 C). The results indicated that there was no
ignificant difference in the protein MW composition of the 
C absorbed by PEG-PNs and Tf-PNs for human plasma in vitro 
r mice plasma in vivo . PEG-PNs and Tf-PNs are hydrophilic 
aterials, and they have been reported to mainly absorb 
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Fig 4 – Quantitative analysis of PC derived from human plasma and mice plasma. (A) and (B) Relative protein abundance 
(RPA) of PC identified on PNs by LC–MS recovered from patient plasma and mice plasma, respectively, categorized with 

10 kDa as the unit. (C) and (D) The 20 most abundant proteins for each human-derived group and mice-derived group, 
respectively; (E) and (F) the overlapping and specific proteins of each group treated with nanoparticles derived from human 

and mice respectively, as showed with Venn diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

albumin, fibrinogen, and IgG [37] . In addition, the PC derived
from the NSCLC comorbid with T2DM patients contained
more 40–60 kDa proteins and fewer 10–30 kDa proteins. 

The 20 most abundant proteins from each human-derived
group are displayed in Supplementary Table S2, and those
from the mice-derived group are shown in Supplementary
Table S4. The abundant proteins likely drive cell interactions,
which comprise around 90% of the PC for each nanoparticle.
In the results of human blood incubation in vitro , there
was no significant effect on the type and proportion of
adsorbed abundant proteins, with or without Tf modification
of the nanoparticles ( Fig. 4 C). However, the disease state
significantly affected the abundant proteins adsorbed on
the nanoparticles. Compared with NSCLC patients, Tf-PNs
in comorbid patients absorbed more CLUS (clusterin) and
CFAH proteins, as well as more coagulation proteins (HPT,
C4BPA, FIBB, FIBA and FIBG) related to wound healing and
tissue repair [ 38 ,39 ]. However, TRFE, A1AT, ALBU, CO3, FINC,
APOA1, and IGHA1 had less absorption. CLUS is a high-
density lipoprotein present in plasma. It can be adsorbed
to the surface of hydrophilic nanoparticles by hydrogen
bonds, thereby increasing the hydrophobicity of nanoparticles
and reducing the adsorption of ALBU (serum albumin) [40–
42] . Moreover, the accumulation of clusterin in PC could
reduce the nonspecific cell uptake by macrophages [43] . The
results also show that both Tf-PNs and PEG-PNs absorbed
less TRFE (transferrin) in the NSCLC comorbid with T2DM
patient plasma (less than 0.5%). Studies have shown that the
expression of transferrin is reduced in many cancers, and
low levels of transferrin are prognostic biomarkers associated
with poor clinical outcomes [44–47] . 
The Venn diagram shows that 104 proteins were shared
among all groups. In addition, hND-Tf-PNs, hND-PEG-PNs, hN-
Tf-PNs and hN-PEG-PNs groups contained 7, 12, 6, and 7 types
of unique proteins, respectively ( Fig. 4 E). The same analysis
was conducted for mice derived PC in vivo . The Venn diagram
shows that most proteins (90 proteins) were shared among
all groups, and each group contained several unique proteins
( Fig. 4 F). These results indicate that the different disease
statuses of each group contributed to a specific PC
composition. 

In conclusion, Tf modification had no significant effect on
the number and type of protein in the PC. However, the disease
status contributes significantly to PC composition, and human
NSCLC comorbid with T2DM derived PC contained more fibrin
and clusterin, which may help nanoparticles escape non-
characteristic intake and increase blood circulation time. 

3.6. Qualitative analysis of PC derived from human in 

vitro 

A qualitative analysis of differential protein of PCs derived
from different human disease states was also conducted. The
total RPA% of all groups is shown in the heat map ( Fig. 5 A).
PCA analysis demonstrated that the difference between the
four groups was statistically significant ( P < 0.05) ( Fig. 5 B). The
results show a significant difference in the composition of PC
derived from plasma of NSCLC comorbid with T2DM patients
and NSCLC patients. In classifying proteins by biological
function according to uniprot.com ( Fig. 5 C), the RPA% of
coagulation and acute phase proteins was higher in the
NSCLC comorbid with T2DM patient group than the NSCLC
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Fig 5 – Qualitative analysis of PC derived from human plasma in vitro . (A) Heat map of RPA% of PC derived from patients. (B) 
Principal component analysis (PCA) of the corona proteins identified on PNs. (C) Bioinformatic classification of corona 
proteins. (D) Volcano plot of differential proteins between hND-Tf-PNs and hND-PEG-PNs. The x-axis represents the fold 

change of proteins, and the dotted line indicates FC > 2 or < −2. The y-axis represents P value, and the dotted line 
represents P > 0.05. (E) Clustering of differential proteins between hND-Tf-PNs and hND-PEG-PNs. (F) Volcano plot of 
differential proteins between hND-Tf-PNs and hN-Tf-PNs. (G) Clustering of differential proteins between hND-Tf-PNs and 

hN-Tf-PNs. 
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atient group, while the abundances of immunoglobulins and 

ipoprotein were lower. Moreover, Tf-PNs absorbed a similar 
mount of proteins with biological functions in the comorbid 

roup and NSCLC group, which suggests the Tf-modification 

ade no difference in protein adsorption. 
A volcano plot was constructed to identify significant 

ifferential protein between the two groups, defined at the 
 < 0.05 level with a fold change of > 2 or < −2. The
olcano plot shows that Tf-PNs and PEG-PNs incubated with 

he same comorbid plasma had few significant differential 
roteins in PC ( Fig. 5 D). Compared with hND-PEG-PNs, there 
ere only five significant differential proteins in hND-Tf- 
Ns ( Fig. 5 E) with low content (RPA < 0.048%). Compared 

ith hN-Tf-PNs, there were 72 significant differential proteins 
n PC of hND-Tf-PNs ( Fig. 5 F and 5 E), of which 22 were
pregulated and 50 were downregulated. Proteins related 

o tissue leakage and immunoglobulins were upregulated,
hile acute phase proteins, coagulation proteins, lipoproteins,

nd some immunoglobulins were downregulated. Overall,
he variation in PC on hND-Tf-PNs offered nanoparticles 
he ability to decrease phagocytosis and clearance. Thus,
anoparticles can circulate in blood for extended periods,
hich increases the probability that they will reach the 
esired destination. 

.7. Qualitative analysis of PC derived from mice plasma 

n vivo 

he same analysis was conducted for mice-derived PC in vivo .
fter classification according to their biological function, the 
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Fig 6 – Qualitative analysis of PC derived from mice plasma in vivo . (A) Heat map of RPA% of PC derived from mice plasma in 

vivo . (B) Principal component analysis (PCA) of the corona proteins identified on PNs. (C) Bioinformatic classification of 
corona proteins. (D) Volcano plot of differential proteins between mND-Tf-PNs and mND-PEG-PNs. (E) Clustering of 
differential proteins between mND-Tf-PNs and mND-PEG-PNs. (F) Volcano plot of differential proteins between mND-Tf-PNs 
and mN-Tf-PNs. (G) Clustering of differential proteins between mND-Tf-PNs and mN-Tf-PNs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

proteins’ RPA of coagulation, tissue leakage, and lipoproteins
are diminished in the mND-Tf-PNs group. These differences
may indicate that mND-Tf-PNs have a longer circulation time
and less clearance ( Fig. 6 C). The volcano plot results show
that there were 12 significant differential proteins in PC of
the mND-Tf-PNs group, compared with that of mN-Tf-PN ( Fig.
6 F and 6 G). Overall, the downregulated TSP1 (thrombospondin
1), immunoglobulins, coagulation proteins, and complements
may suppress immune activation and prolong the circulation
of PNs in the body. Conversely, the upregulated proteins may
reduce the degradation of PNs and prolong the circulation of
PNs. However, we observed significant differences in proteins
and PC composition in vivo and in vitro , which may be due to
species differences between humans and mice. 
Based on the characteristics above, the composition of
PC derived from different clinical states varied substantially,
and this discrepancy seemed to lead to the in vivo behavior
changes of nanoparticles. 

4. Conclusion 

A systematic investigation was conducted to reveal the
differences between PNs with PC derived from NSCLC
comorbid with T2DM patients/model mice and NSCLC
patients/model mice via in vitro and in vivo experiments. The
Tf-modified PEGylated polystyrene nanoparticles increased
cellular uptake via the Tf receptor-mediated pathway, but the
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xistence of PC significantly decreased the targeting ability of 
he Tf ligand. Moreover, the degree of influence varied with 

isease state. Tf-PNs with PC derived from NSCLC comorbid 

ith T2DM accumulated more in cells and tumor tissue than 

hose with NSCLC-derived PC. 
Tf-PNs and PEG-PNs are hydrophilic nanoparticles; thus,

hey are more likely to absorb albumin, fibrinogen, and 

gG. NSCLC comorbid with T2DM derived PCs contain more 
brin and polyproteins, which may help nanoparticles evade 
on-characteristic intake. In addition, fewer proteins, like 
omplements, attached to nanoparticles could increase the 
irculation time in the body and increase the chances of 
eaching their target destination. 

We conclude that comorbidity clinical status varied the 
omposition of PC so to affect the bio-behavior of PNs and 

he Tf-PNs. Our results provide a new idea for improving the 
argeting ability of nanoparticles by precoating some proteins 
rom plasma or biological environments. Furthermore, disease 
iagnostics could be improved by analyzing the PC of 
anoparticles recovered from patients in the future. This 
ork improves our understanding of how the disease state 
lters the formation of PC and how PC affects the behavior of 
anoparticles in organisms. Additionally, the results provide 
 theoretical basis for the analysis and utilization of PC 

ngerprint maps for different diseases. 
Future studies must investigate each different protein’s 

unction. In addition, only hard coronae were collected and 

nalyzed due to methodological constraints. The result will be 
ore accurate and authentic after a more advanced method is 

onducted to collect and detect soft coronae in real exposure 
cenarios. 
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