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Abstract

Background: Programmed cell death 1 ligand 1(PD-L1) is overexpressed in many tumors. The radionuclide-labeled
anti-PD-L1 monoclonal antibody can be used for imaging and therapy of PD-L1 overexpressing cancer. Here, we
described "'I-labeled Atezolizumab ('3'I-Atezolizumab, targeting PD-L1) as a therapeutic agent for colorectal cancer
with PD-L1 overexpression.

Methods: '*'I-Atezolizumab was prepared by the lodogen method. The expression levels of PD-L1 in different
human colorectal cells were determined by flow cytometry, western blot and cell binding assay. The immunoreactiv-
ity of 13'l-Atezolizumab to PD-L1 high-expressing cells was determined by immunoreactive fraction. The killing abili-
ties of different concentrations of '*'I-Atezolizumab on cells with high and low expression of PD-L1 were detected
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method. Cerenkov luminescence imaging
(CLl) and radioimmunotherapy (RIT) of 1311_Atezolizumab were performed on two human colorectal cancer models.
The distribution and tumor targeting of '3'l-Atezolizumab were evaluated by imaging. Tumor volume and survival
time were used as indicators to evaluate the anti-tumor effect of '*'I-Atezolizumab.

Results: The expression level of PD-L1 in vitro determined by the cell binding assay was related to the data of flow
cytometry and western blot. '3'l-Atezolizumab can specifically bind to PD-L1 high-expressing cells in vitro to reflect
the expression level of PD-L1. Immunoreactive fraction of PD-L1 high-expressing RKO cells with '*'I-Atezolizumab
was 52.2%. The killing ability of "*'I-Atezolizumab on PD-L1 high-expressing cells was higher than that of low-express-
ing cells. CLI proved that the specific uptake level of tumors depends on the expression level of PD-L1. Effect of
131l-Atezolizumab RIT showed an activity-dependent tumor suppressor effect on RKO tumor-bearing mice with high
PD-L1 expression. 1311_Atezolizumab (37 MBq) can improve the median survival time of mice (34 days), compared to
untreated mice (27 days) (P=0.027). Although a single activity(37 MBq) of "*'-Atezolizumab also inhibited the tumors
of HCT8 tumor-bearing mice with low PD-L1 expression (P < 0.05), it could not prolong the survival of mice(P=0.29).

Conclusion: "*'I-Atezolizumab can be used as a CLI agent for screening PD-L1 expression levels. It may be used as a
radioimmunotherapy drug target for PD- L1 overexpressing tumors.
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Background

According to the latest data released by the Interna-
tional Agency for Research on Cancer, the colorectal
cancer is the second leading cause of cancer deaths,
accounting for 10% of the total number of cancers
diagnosed and cancer-related deaths each year [1]. At
present, more and more methods for the treatment of
colorectal cancer have been developed, including sur-
gery, radiotherapy and chemotherapy, molecular tar-
geted therapy and immunotherapy, etc. However, the
prognosis of end-stage colorectal cancer is still poor,
and researchers are still looking for new treatment
methods.

Programmed cell death 1 ligand 1(PD-L1) is highly
expressed in many tumors, and monoclonal antibod-
ies (mADb) to the programmed cell death 1/programmed
cell death 1 ligand 1(PD-1/PD-L1) pathway have
achieved good results in the treatment of malignant
melanoma, non-small cell lung cancer, urothelial can-
cer and head and neck cancer [2], so PD-L1 is a good
therapeutic target. However, it is only effective for colo-
rectal cancers with microsatellite instability (MSI) and
difficult to treat with conventional chemotherapy [3].
It had been suggested that external beam radiotherapy
could up-regulate PD-L1 expression through the phos-
phoinositide 3-kinase/AKT and signal transducer and
transcriptional activator 3 pathways [4]. External beam
radiotherapy and combined with anti-PD-1-mAb or
anti-PD-L1-mAb can produce an effective CD8" T cell
response, which can improve local tumor control, pro-
long survival and protect against tumor re-attack [4, 5].
However, radiotherapy is only conducive to the control
of the primary site of the tumor and does not have a
good effect on the metastatic disease of colorectal can-
cer that is easy to metastasize. Same as for external
beam radiotherapy, the mechanism of action of radio-
immunotherapy (RIT) is mainly driven by the delivery
of ionizing radiation to tumor cells, therefore one may
expect a similar effect on the expression of PD-L1. In
a fluorescence imaging study of the patient-derived
tumor xenograft (PDX) model in vivo, Wen found that
the ¥'I-Cy5.5-anti-PD-L1-mAb probe showed promi-
nent fluorescence intensity at the tumor site compared
with the Cy5.5-anti-PD-L1-mAb probe. Correspond-
ingly, histological analyses showed that PDXs of the
1311.Cy5.5-anti-PD-L1 group presented higher PD-L1
level than the Cy5.5-anti-PD-L1 group [6]. Ren used

Lu-labeled anti-PD-L1-mAb for RIT. Analysis of
changes in the immune microenvironment after treat-
ment using flow cytometry showed an increase in
CD457/PD-L1 cells in tumors in the 3.7 MBq !"’Lu-PD-
L1-mAb group compared to the control group [7]. Pang
found that '*'I-PD-L1-mAb therapy was more effective
than anti-PD-L1-mAb therapy in an immunocompe-
tent murine model of triple-negative breast cancer [8].
Therefore, we attempted to treat human-derived colo-
rectal cancer in tumor-bearing mice by RIT employing
therapeutic radionuclides coupled with Atezolizumab.

Atezolizumab, a humanized mAb developed by Roche
as a PD-L1 blocker, was approved for marketing by the
US Food and Drug Administration (FDA) in 2016. It
binds to PD-L1 on tumor cells and blocks its interac-
tion with PD-1 on T cells and antigen-presenting cells,
thereby relieving PD-1-mediated immunosuppression
and promoting T cell attack on tumor cells. It has a
promising future in the treatment of colorectal cancer
[9]. In 2018, ¥Zr-Atezolizumab PET imaging had been
successfully used in human studies to assess PD-L1 sta-
tus [10]. In a previous study, we used '*!I-Atezolizumab
as a Cerenkov luminescence imaging (CLI) agent to
accurately assess PD-L1 expression in several types of
colorectal cancer [11]. Therefore, we selected Atezoli-
zumab as a targeting agent for RIT.

RIT is a potential treatment, which uses antigen and
antibody interactions to bring radioactive therapeu-
tic nuclides to the tumor site for intra-radiation ther-
apy. The most commonly used radionuclide for RIT is
B emitters (**'I, "Ly, °°Y), which have a long range in
tissues to damage cells near the target. °°Y can be used
to treat large masses, while ”/Lu and '*'I can be used
to treat small residual lesions [12]. However, antibod-
ies labeled with radioactive metals (such as 7’Lu) will
accumulate for a longer time in normal clearing organs
(liver and kidney) and may cause toxicity [13, 14], so we
focus on halogen-labeled antibodies. Considering the
low cost and easy availability of the radionuclide *3'I,
we used '3!I-labeled Atezolizumab (*3!I-Atezolizumab)
to conduct RIT research. In our research, we prepared
1311_Atezolizumab for cell uptake, immunoreactive
fraction and cytotoxicity studies in vitro, and we also
conducted pharmacokinetic studies, CLI and RIT stud-
ies in vivo. This article is a preliminary study. Our study
aims to investigate whether '3'I-Atezolizumab could be
used as RIT drug to target PD-L1 overexpressing colo-
rectal cancer.
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Methods

Cell culture

Human-derived colorectal cancer cell lines RKO, HCTS,
DLD-1 and Caco-2 cells were obtained from the Cell
Bank of the Chinese Academy of Sciences. Cells were
cultured with Mem (Thermo Fisher Scientific, USA)
or RPMI 1640 mediums (Biological Indus-tries, Israel)
supplemented with 10% fetal bovine serum (Biologi-
cal Indus-tries, Israel) and 1% penicillin/streptomycin
(Beyotime Biotechnology, China) at 37 °C in 5% CO,. The
medium was changed every two to three days. Cells in
logarithmic growth phase were used for biological evalu-
ation in vitro.

PD-L1 expression detection by flow cytometry

Flow cytometry was used to detect PD-L1 expression in
cancer cells using a PE-labeled mouse anti-human PD-L1
antibody (Cat. #557924, BD Biosciences, USA). Briefly,
RKO, DLD-1, Caco-2 and HCT8 cells were trypsin
digested, and 1 x 10° cells (100 pl) were incubated with
20 pl antibodies in the dark for 30 min at 4 °C. Mean-
while, the isotype control and background signal were
provided by cells incubated with mouse IgG1 and phos-
phate-buffered saline (PBS), respectively. The fluores-
cence uptake of cancer cells was immediately assessed
using a FACS Calibur flow cytometer (BD Biosciences,
USA). FlowJo was used to perform a quantitative analysis
of mean fluorescence intensity.

PD-L1 expression detection by western blot

Colorectal cancer cells of RKO, DLD-1, Caco-2, HCTS8
at the logarithmic growth phase were lysed on ice for
30 min with RIPA (Beyotime Biotechnology, China). The
cell lysates were centrifuged, and the protein concentra-
tion was detected by Coomassie Blue staining. Approxi-
mately 50 pg of cell lysates were electrophoresed on 8%
SDS-PAGE and transferred to PVDF membranes. The
membranes were incubated with antibodies of Rab-
bit anti-human PD-L1 (1:1000, ab205921, Abcam, UK)
and GAPDH (1:1000, AF1186, Beyotime Biotechnology,
China) at 4 °C overnight. After incubation with mouse
anti-rabbit IgG-HRP antibody (1:1000, sc-2357, Santa
Cruz Biotechnology, USA), the membranes were visual-
ized using western blotting ECL reagent solution (Shang-
hai Share Biotechnology Co., Ltd., China).

Radiolabeling

Atezolizumab (MPDL3280A) was purchased from Med-
ChemExpress Company. Na''I was purchased from
Chengdu Gaotong Isotope Co., Ltd. (China). Antibodies
were labeled by the Iodogen method following a previ-
ously reported method [15]. Briefly, 100 ug Atezolizumab
and 100 pl phosphate buffer (PB, 0.25 mol/L, pH 7.4)
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were added to a coating tube containing 50 pg Iodogen
and mixed, and then, about 185-330 MBq Na'*!l was
added and mixed. Let them react at room temperature
for 15 min. 100 pl of PB (0.25 mol/L, pH 7.4) was added,
and let them stand for 10 min, then stop the reaction.
1311_Atezolizumab was purified with PD-10 column (GE
Healthcare, USA) using 20 mmol/L PBS containing 0.2%
bovine serum albumin (BSA) as eluent. The radiochemi-
cal purity of the '3!I-Atezolizumab was 96.18+0.61%
(n=8) by trichloroacetic acid precipitation method.

In vitro assays

Cell binding assay

1311_Atezolizumab cell binding assay was performed
using RKO, DLD-1, HCT8 and Caco-2 cells. Each of
cell suspensions (5x 10°cells/tube, 100 pl, triplicate),
PBS binding buffer containing 0.2% BSA (100 ul) and
1311_Atezolizumab (100 pl, 3.7 kBq, 2.79 ng) were mixed
and incubated at 37 °C for 1 h. To measure nonspecific
binding, a 200-fold molar ratio of non-radioactive Ate-
zolizumab (100 pl, 558 ng) was used instead of the buffer.
After the incubation, 700 pl of the binding buffer that
had been cooled to 4 °C was added to each tube, and the
supernatant was discarded by centrifugation. Then, each
sample was counted in a gamma counter (Wizard 2480,
PerkinElmer) and cell bound radioactivity (%) was calcu-
lated by (cell bound radioactivity — nonspecific binding
radioactivity)/total radioactivity x 100.

Immunoreactive fraction

In order to evaluate the immunoreactivity of '3!I-Ate-
zolizumab, the immunoreactive fraction study was con-
ducted with RKO cells. According to Lindmo et al. [16],
different concentrations of cell suspension (100 ul), PBS
binding buffer containing 0.2% BSA(100 pl) and '*'I-Ate-
zolizumab (100 ul, 3.7 kBq, 2.79 ng) were incubated at
37 °C for 1 h. To measure nonspecific binding, the above
binding buffer solution was replaced by a non-radioactive
Atezolizumab (100 pl, 558 ng) with a molar ratio of 200
times. The activity of the precipitated cells after cen-
trifugation was measured with a gamma counter (Wiz-
ard 2480, PerkinElmer). The inverse of the specific cell
bound activity was plotted against the inverse of the cell
concentration. The data were fitted to a linear fit using
least-squares linear regression. The inverse of immuno-
reactive fraction was represented by the regression line’s
Y-intercept.

Cell cytotoxicity assay

Cell cytotoxicity was assessed using a 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. RKO and HCTS8 cells were incubated in 96-well
plates (8000 cells/well). After overnight incubation, the
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cells were adherent, and the supernatant was taken out.
The cells in the treatment group were incubated in the
medium containing different concentrations of '3!I-Ate-
zolizumab (29.6, 14.8, 7.4, 3.7, 1.85 MBq/ml,100 pl),
and the cells in the control group were incubated in
the medium containing non-radioactive Atezolizumab
(2.2 pg/well) for 4 h. After the medium containing
1311_Atezolizumab and unlabeled Atezolizumab was aspi-
rated, the complete medium was added. Then, the cells
were incubated for another 3 days. MTT reagent (20 pl,
5 mg/ml) was added and incubated at 37 °C for 4 h. The
formazan produced by living cells was dissolved in dime-
thyl sulfoxide (DMSO,150 pl/well), and the absorbance
was measured at 490 nm using a microplate reader.

Animal studies

5-6-week-old female Balb/c nu mice were obtained from
Changzhou Cavens Laboratory Animal Co., Ltd. (Chang-
zhou, China), and housed in an SPF-grade animal labo-
ratory. The colon cancer RKO and HCT8 tumor models
were established by injecting (3—5) x 10° tumor cells into
the armpits of mice. The thyroid tissue was sealed by
drinking 0.5% sodium iodide solution one day before and
during the imaging and treatment. All procedures were
approved by the Institutional Animal Care and Use Com-
mittees of Jiangsu Institute of Nuclear Medicine.

In vivo studies

Pharmacokinetic studies of 3'I-Atezolizumab

Four normal Balb/c nu mice were injected with 13!I-Ate-
zolizumab (0.74 MBq,448 ng) into the tail vein, and tail
vein blood samples were collected by tail-snip method
at various time points (0.083, 0.25, 0.5, 1, 2, 4, 8, 12, 36,
48, 72, 168 h). Then, the radioactivity of blood samples
was measured with a gamma counter (WIZARD 24380,
PerkinElmer) and expressed as a percentage of injected
activity per gram (%IA/g). Pharmacokinetic parameters
of 1311-Atezolizumab in blood were calculated using DAS
software version 2.1.1. Its pharmacokinetic parameters
including terminal half-life (T,,), maximum concentra-
tion (C,,,,), clearance rate (Cl) and area under the curve
(AUC) were analyzed using a two-compartment model.

Small animal CLI

To evaluate the tumor distribution of *'I-Atezolizumab
in models with different PD-L1 expression levels,
1311_Atezolizumab (37 MBq, 24.4 ug) was injected via tail
vein. RKO and HCT8 tumor-bearing mice were subjected
to CLI using the IVIS spectral imaging system (Perki-
nElmer, MA, USA) at different time points (1-9 days).
Mice were placed in the supine position with continu-
ous anesthesia. Tumor mean fluorescence intensity was
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measured on scanned images using Living Image® 4.5
software.

PD-L1 expression detection by immunohistochemistry

RKO and HCT8 tumor tissues were embedded in paraf-
fin blocks after fixation with tissue fixative. After rou-
tine deparaffinization and hydration of tissue sections,
antigen retrieval was performed using 10 mmol/L citrate
buffer, endogenous peroxidase was blocked with 3%H,0,
and nonspecific antigen blocking was performed with 3%
BSA. The first antibody (1:200 ab205921, Abcam, UK)
was added and incubated at 4 °C overnight. The second
antibodies were incubated at room temperature for 1 h.
DAB color development, hematoxylin staining, dehy-
drated and transparent were performed, and then, the
specimen was mounted with neutral balsam. Brown-
yellow staining was defined as positive. No coloration
means negative, 0 points; light yellow means weak posi-
tivity, 1 point; brown-yellow means moderate positivity,
2 points; and tan means strong positivity, 3 points. The
examinations results were performed in a double-blind
manner by two independent investigators.

RIT

Thirty-five mice were used. The RKO model mice were
randomly divided into 3 groups of 7 each, namely the
RKO-37 MBq group, the RKO-11.1 MBq group and the
RKO untreated group; HCT8 model mice were randomly
divided into 2 groups of 7 each, namely HCT8-37 MBq
group and HCT8 untreated group. In RKO-37 MBq
group and HCTS8-37 MBq group, 3'I-Atezolizumab
(37 MBq, 24.4 pg) was injected via tail vein. In the
RKO-11.1 MBq group, a mixture of '3'I-Atezolizumab
(11.1 MBq, 7.32 pg) and non-radioactive Atezolizumab
(17.08 pg) was injected via tail vein. Treatments were
started when the tumor volume was about 50-100mm?®,
Tumor measurements and mice survival were recorded
by a technician blinded to the grouping. Tumor growth
was recorded by measuring tumors with vernier caliper
twice a week and calculated using the following formula:
tumor volume=(W)? x (Y) x 0.52, where Y and W are
the larger and smaller vertical diameters, respectively.
Percentage increase in lifespan was expressed as (the
median survival time of treated/the median survival time
of control mice-1) x 100% [17]. The methods involved in
the experiments were performed in accordance with rel-
evant guidelines and regulations for animal experiments.
The trial was terminated as long as at least one of the
following criteria was met: tumor volume greater than
1500mm?; total body weight decreased by>20%; severe
ulceration or bleeding in the xenografted tumor; and
abnormal behavior indicating pain or restlessness.
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Statistics

All experimental data conformed to normal distribution
and were expressed as mean=standard deviation. Sta-
tistical analysis was performed using SPSS 11 software
(SPSS Inc., USA), and the comparison between the two
groups was tested by Student’s t test. One-way ANOVA
was used for comparison among multiple groups, and
LSD t test was used for pairwise comparison. Survival
data were estimated using the Kaplan—Meier method and
compared using the log-rank test. P <0.05 was considered
significant.

Results
Expression levels of PD-L1 in human colorectal cancer cells

(1) The relative expression levels of PD-L1 in four
colorectal cancer cell lines (RKO, DLD-1, HCT8
and Caco-2) were determined by flow cytometry
(Fig. 1a, b). The RKO cell line expressed higher lev-
els of PD-L1, and the other three cell lines showed
lower levels of PD-L1 expression. The mean fluo-
rescence intensity of the four cells was statistically
different (P<0.001), and the mean fluorescence
intensity of RKO cell and the other three cells was

2)
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statistically different (P<0.001), while there was no
statistical difference between DLD-1 and HCTS,
DLD-1 and Caco-2, HCT8 and Caco-2 (P=0.380,
0.803, 0.521). The average fluorescence intensity of
RKO cells was over 14 times higher than that of the
other three cell lines.

The PD-L1 expression level in four different cancer
cells (RKO, DLD-1, Caco-2 and HCT8) was also
tested by western blot (Fig. 1c, Additional file 1: Fig.
Slc). RKO cells highly expressed PD-L1, while the
other three cells hardly expressed PD-L1. Since the
expression levels of PD-L1 in Caco-2, HCT8 and
DLD-1 cells were much lower than that in RKO
cells, their expression levels could not be detected
by western blot.

The cell binding rates of RKO, DLD-1, HCTS,
Caco-2 cells to '-Atezolizumab  were
(55.28 £1.41) %, (13.2540.19) %, (2.13+1.30) %,
(1.3940.34) %, and the difference was statistically
significant (P<0.001). There was no significant
difference between HCT8 cells and Caco-2 cells
(P=0.382), but there was significant difference
between the other two groups (P<0.001) (Fig. 1d).

a 100 \ -=--isotype D . 600- C
° I HCTS =
B 804 / £ 500
o 80 | ’ == == Caco-2 g
£ . DLD-1 = 400 RKO DLD-1 Caco-2 HCT8
-9 60 1 | 8
AL L S o
o 5 PD-L1 - 50
N 40 J 1 @ 40
P ‘ 5 30
£ . 3
g 2] | 11 i 207 GAPDH Wi Slp GNP SN - 36
/ S 10 __
/ \ ]
0 — —r T - =,
10° 10" 10> 10° 10* RKO DLD-1 HCT8 Caco-2
PD-L1-PE
d e f
- 120 =
60 © 57
z S
9 = I
z Z 47 < 1004 == RKO
Z 0 3 = HCT8
2 404 [ £
k3] O 3 S
.S E [] E 80=
k-] 7] . 3
] a (3]
[:4 w 2+
T 20 3 2
3 & € 60
3 <, r=1/1.917=0.522 <
3 2 s
o =
e e 40
0- 0 T T T T T T 1
RKO DLD-1 HCT8 Caco-2 00 08 16 24 32 40 48 56 64 206 148 T4 3.7 unlabled mAb
INVERSE OF CELL CONCENTRATION (mi/million) MBqlml
Fig. 1 Analysis of PD-L1 expression and cytotoxicity of '3'I-Atezolizumab on colorectal cancer cells. a Flow cytometry analysis of PD-L1 expression
in different colorectal cancer cells (RKO, DLD-1, HCT8 and Caco-2). b FlowJo was used to conduct a quantitative analysis of mean fluorescence
intensity. ¢ PD-L1 (50 kDa) expression in cancer cells was analyzed using a western blot with GAPDH (36 kDa) serving as the internal control. d Cell
binding assay of '*'I-Atezolizumab. e The immunoreactive fraction of ''I-Atezolizumab and RKO cells. f Cytotoxicity of '*'I-Atezolizumab
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Immunoreactive fraction of RKO cell with 13'I-Ate-
zolizumab was 52.2% (Fig. 1e).

Cytotoxicity of '3'I-Atezolizumab in RKO and HCT8 Cell

The viability of RKO cells and HCT8 cells after treat-
ment with different radioactive activities (29.6, 14.8, 7.4,
3.7 MBq/ml) of '*'I-Atezolizumab was shown (Fig. 1f).
1311_Atezolizumab had little effect on HCT8 cells.

Table 1 Pharmacokinetic parameters of '3'I-PD-L1-mAb

Parameters

Crad%IA/Q) 478342238
Cl(mi/h) 0224007
AUC,, o (%l1A/g*h) 733.094 125.00
Ty/2z(h) 67.81+21.54
MRTy_, 5o (h) 785342179

Cinax Maximum concentration, Cl clearance rate, AUC area under curve, T, »;
elimination half-life, MRT mean residence time
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Non-radioactive Atezolizumab also had no obvious kill-
ing effect on RKO cells and HCTS8 cells. The killing effect
of 13!I-Atezolizumab on RKO cells increased in an activ-
ity-dependent manner. At an activity of 29.6 MBq/ml, the
percentage of surviving cells decreased to (55.07 +5.09)
%. The killing ability of '3'I-Atezolizumab on RKO cells
and HCTS8 cells was significantly different (P <0.001).

131_Atezolizumab pharmacokinetics
The pharmacokinetic parameters of 3'I-Atezolizumab in
healthy nude mice are shown in Table 1.

CLI of '3"I-Atezolizumab

CLI technique was used to study the behavior of 13!I-Ate-
zolizumab in RKO and HCTS8 tumor-bearing mice.
Figure 2a shows representative images from 2-9 days
of injection of '*'I-Atezolizumab. After injection of
131[_Atezolizumab, the intratumoral fluorescence inten-
sity gradually decreased with time. The mean fluores-
cence intensity of tumor in RKO tumor-bearing mice was

RKO

HCT8

RKO

Fig. 2 CLI and immunohistochemistry. a CLI of '*'I-Atezolizumab in RKO model and HCT8 model at each time point. b Quantification of the
average fluorescence intensity of CLI. ¢, d Immunohistochemical images of RKO model and HCT8 model
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1.36-1.8 times higher than that in HCT8 tumor-bearing
mice from 1 to 9 days after injection of '3'I-Atezoli-
zumab. There was a statistically significant difference in
the mean fluorescence intensity between the two at each
time point. (P=0.029, 0.01, 0.003, 0.003, 0.007, 0.049,
0.046, 0.032, 0.022) (Fig. 2b).

Immunohistochemistry

Figure 2c, d shows typical pictures of PD-L1 immunohis-
tochemistry in RKO and HCT8 tissues. Both RKO and
HCTS8 tumor tissues express PD-L1, and the expression
level of RKO tumor tissues was higher than that of HCT8
tumor tissues.

Therapeutic efficacy

The changes in tumor volume, weight and survival in dif-
ferent treatment modes of RKO and HCT8 subcutaneous
tumor models are shown in Fig. 3 and Table 2.

Tumor volume increased with time in the untreated
control group and the '*'I-Atezolizumab treatment
group. In the RKO model, the growth rate of tumor
volume decreased with increasing activity. The mean
tumor volume in the 11.1 MBq group at 15 days of treat-
ment was (580.62+187.50) mm?>, which was statisti-
cally significant compared with the (865.354213.06)
mm? in the untreated group (P=0.017); there was no
significant improvement in the median survival of mice
(P=0.326). At 9 days of treatment, the mean tumor
volume (231.374121.30) mm?® in the 37 MBq group
was significantly different from the untreated group
(422.514+117.66) mm?® (P=0.004). The median survival
of mice was shortened by 7 days (P =0.027). In the HCT8
model, the mean tumor volume (350.29 & 136.73) mm? in
the 37 MBq group at 13 days of treatment was statisti-
cally different (P=0.022) compared with the untreated
group (553.39 +134.40) mm?, and the median survival of
mice was not significantly improved (P=0.290).

The body weight of all radionuclide-treated mice
decreased with the activity administered and was less
than 20% of the initial body weight. The animals did not
experience abnormal behavior in pain or restlessness
during the treatment.

Discussion

Surgery is considered to be the first-line treatment for
resectable colorectal cancer without metastasis. How-
ever, about 36% of patients were diagnosed with regional
lymph node metastasis at the time of discovery and
22% of patients had distant metastases [18]. Clinically, a
variety of methods are used to treat metastatic colorec-
tal cancer, but the five-year survival rate is 14.7-72.2%
[18, 19]. Therefore, it is necessary to develop appropri-
ate new treatments. For patients who do not respond to
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conventional therapies, can RIT be used as an alternative
therapy? Because a single activity can direct therapeutic
radionuclides to primary tumors and metastatic lesions
(including lymph nodes, lungs, liver, etc.). Depending
on the range and type of radiation emitted by the radio-
nuclide, RIT can be targeted for delivery to kill antigen-
positive tumor cells. At the same time, the “cross-fire”
effect can be exploited, which can kill antigen-negative
tumor cells adjacent to cells expressing the target anti-
gen. PD-L1 can be overexpressed in a variety of tumors
and is an ideal therapeutic target. Traditional external
beam radiation therapy is indicated for the treatment of
local lesions, while RIT offers the possibility of treating
localized, metastatic or diffuse tumors. Radiation Kkill-
ing mediated by anti-PD-L1-mAb may also have some
advantages over radiation killing from external beam.
In addition, radiation can increase the expression level
of PD-L1 on the surface of tumor cells, promote the
combination of !I-PD-L1-mAb and cells and inhibit
tumor growth. Therefore, it is very interesting to explore
B11-PD-L1-mAb RIT. We found that '*'I-Atezolizumab
RIT could inhibit the growth of PD-L1 high-expressed
colorectal cancer tumors. We detected the expression
level of PD-L1 and predicted the effect of RIT by '3!I-Ate-
zolizumab CIL.

PD-L1 expressed by tumor cells is a potential bio-
marker for predicting anti PD-1/PD-L1 immunothera-
peutic responses [20]. At present, the main detection
method to determine tumor PD-L1 expression is immu-
nohistochemistry. On the one hand, this method has
many disadvantages such as strong invasiveness, diffi-
culty in sample collection and inconsistent positive cri-
teria [21, 22]. On the other hand, PD-L1 expression levels
are dynamic and heterogeneous [23], and biopsy at a
single time point provides limited information through-
out the treatment regimen. So we need a noninvasive
but more accurate detection method. Many recent pre-
clinical studies had demonstrated that real-time data
on PD-L1 expression at the lesion site can be obtained
through optical imaging [24, 25], positron emission com-
puted tomography (PET) [26], single-photon emission
computed tomography (SPECT) [27] and magnetic reso-
nance imaging (MRI) [28]. Thus, these imaging methods
have important advantages in detecting PD-1/PD-L1.
Although compared to other tests, radionuclide CLI is
often affected by tissue depth, organ size and thickness.
However, it is inexpensive, simple and efficient to oper-
ate, and it takes only 5 min to obtain real-time data from
3 to 5 mice simultaneously. We found that the results of
the radionuclide CLI were consistent with PD-L1 expres-
sion in tumor cytology and tumor tissue.

As far as we know, in mice model of human-derived
colorectal cancer, this is the first article to study the effect
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Table 2 Mouse survival time

Model Treatment modality Survival
Median Pvalue Lifespan (%)
survival
time(d)
RKO  "'l-Atezolizumab 29 0326 74
(11.1 MBq)
131-Atezolizumab 34 0027 2592
(37 MBQq)
Normal Control 27 - -
HCT8  "'I-Atezolizumab 42 0290 1052
(37 MBq)
Normal Control 38 - -

P values were estimated between the experimental and normal control groups
by log-rank test, P <0.05 indicated significance

Percentage increase in lifespan was expressed as (the median survival time of
treated/the median survival time of control mice-1) x 100%

of RIT with PD-L1 as the target. Most of the previous
research objects were mouse tumor models [6-8, 29],
and the RIT effect of '3!I- or '"Lu-labeled PD-L1-mAb
in murine tumors had been determined. However, the
purpose of treatment ultimately returns to the study of
human tumors. There were many previous studies on
radioimmunization of human-derived tumors targeting
PD-L1 [30-37]. However, these studies focused on PD-
L1-targeted molecular imaging rather than RIT. PD-L1 is
an immune checkpoint that is susceptible to the immune
microenvironment. The physiological process is complex.
So in this study we only tentatively explored whether RIT
can be effective for subcutaneous human-derived colo-
rectal cancer with high expression of PD-L1. The high
expression of PD-L1 in tumor cells is an indicator of the
more aggressive cancer phenotype of tumors [38, 39], and
we can use this feature to conduct research. Through the
observation of 3'I-Atezolizumab CLI in RKO and HCTS$
tumor-bearing mice, we found that the radionuclides in
RKO tumors with high expression of PD-L1 had a long
aggregation time. This makes RIT possible. By monitor-
ing tumor size and survival, we found that RIT effect of
the RKO model with high- expression of PD-L1 was bet-
ter than that of the HCT8 model with low-expression
of PD-L1, which was consistent with the study of MTT
in vitro. Thus, 13'I-Atezolizumab CLI has potential value
in predicting the effects of RIT targeting PD-L1.

In our study, we found a significant difference in PD-L1
expression between RKO and HCT8 cells in vitro, but
a smaller difference in RIT in vivo, and 'I- Atezoli-
zumab (37 MBq) also inhibited HCT8 tumors with low
PD-L1 expression. Our analysis suggested the following
two causes. On the one hand, the long circulation time
of 13!I-labeled whole antibodies in vivo increased the
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residence time of the drug in the tumor; on the other
hand, the effect of RIT was influenced not only by the
level of cell surface antigen but also by tumor-specific
binding, perfusion, vascular distribution, vascular per-
meability and plasma half-life [40]. Due to the different
growth rates of tumors and the body conditions of mice
in the two models, the treatment effects were difficult to
compare. However, we still found differences between
the two and the untreated group. The high activity of
1311 Atezolizumab had a significant inhibitory effect on
RKO subcutaneous tumors (P=0.004) and had a certain
killing ability for HCT8 subcutaneous tumors (P=0.022).
In our study, because we utilized Atezolizumab that can
cross-react with murine PD-L1, nonspecific isotype con-
trol was not introduced. Atezolizumab binds not only to
tumors but also to other organs expressed PD-L1 such
as the spleen, while nonspecific antibodies do not bind
to PD-L1. This condition will result in inconsistent dis-
tribution of Atezolizumab and isotype antibodies in vivo,
which may bias the results [41].

There are many deficiencies in this paper. Firstly, the
labeled antibody is a full antibody, which has the disad-
vantages of longer cycle time, slower clearance and easy
radiation damage to healthy tissues. Secondly, because
we wanted to associate the results of '3'I-Atezolizumab
CLI with RIT, excess of cold antibody was not applied
to animal studies, which represents a limitation. Thirdly,
in the study of preparing '3!I-Atezolizumab by Iodogen
method, we found that its immune activity decreased
when Atezolizumab was labeled with iodine (radio and
non-radio) due to the particularity of Atezolizumab
structure. If the activity of Na'*'I increased further, it
will cause changes in the three-dimensional structure
of Atezolizumab, resulting in '3'I-Atezolizumab being
prone to precipitation. Therefore, immunoreactive frac-
tion of '*!I-Atezolizumab and RKO cells was low. The
low immunoreactive fraction is also a limitation, which
may preclude from the approval for clinical use in some
countries. Fourthly, due to the limitation of experimental
funding, this study lacks classical biodistribution experi-
ments. Finally, since our model could only be built using
immunodeficient mice without thymus, it could not
effectively induce CD8T cell response, and the immune
effect was limited. This study mainly explored the role
of 1¥11-Atezolizumab in the treatment of PD-L1 overex-
pression of human colorectal cancer tumors. If a human-
ized model of high expression of PD-L1 with complete
immune function can be established, further coordina-
tion with the immune effect of PD-L1 will play a better
therapeutic role. This had been confirmed in research on
murine tumors [6, 8]. If the study of '*'I-Atezolizumab
targeted internal irradiation therapy was carried out with
Micro SPETCT/CT, the distribution of each organ would
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be more intuitively and accurately observed, which would
be conducive to the research and clinical translation of
internal radiation therapy. Although there are many defi-
ciencies in our study, we still believe that the RIT effect
of PD-L1 as a target in human-derived tumors is feasible,
which will provide a basis for clinical application. If this
method can be promoted, it will greatly save patients the
cost of medical treatment because antibodies are expen-
sive and RIT requires less antibodies. RIT is a targeted
internal radiation therapy that inhibits the growth of PD-
L1-overexpressing tumors through a single intravenous
injection, which provides new insights into the treatment
of human colorectal cancer.

Conclusions

B[ Atezolizumab has inhibitory effect on PD-L1 high-
expression tumors and may be a candidate drug for
tumor diagnosis and treatment.
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