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INTRODUCTION 
 

Lymphoma is the fifth most common cancer in China, 

among which diffuse large B-cell lymphoma (DLBCL) is 

the predominant subtype [1]. The immunochemotherapy 

of rituximab combined with cyclophosphamide, 

doxorubicin, vincristine and prednisone (R-CHOP) 

significantly improved the survival rate of DLBCL 

www.aging-us.com AGING 2021, Vol. 13, No. 1 

Research Paper 

The adhesion molecule ICAM-1 in diffuse large B-cell lymphoma post-
rituximab era: relationship with prognostic importance and rituximab 
resistance 
 

Yizhen Liu1,*, Juan J. Gu2,3,*, Ling Yang4,*, Ping-Chiao Tsai3, Ye Guo5, Kai Xue1, Zuguang Xia1, 
Xiaojian Liu1, Fangfang Lv1, Junning Cao1, Xiaonan Hong1, Cory Mavis2,3, Francisco J. Hernandez-
Ilizaliturri2,3, Qunling Zhang1 
 
1Department of Medical Oncology, Fudan University Shanghai Cancer Center, Department of Oncology, Shanghai 
Medical College, Fudan University, Shanghai, China 
2Department of Medicine, Roswell Park Cancer Institute, Buffalo, NY 14203, USA 
3Department of Immunology, Roswell Park Cancer Institute, Buffalo, NY 14203, USA 
4Department of Cellular and Genetic Medicine, School of Basic Medical Sciences, Fudan University, Shanghai, 
China 
5Department of Medical Oncology, Shanghai East Hospital, Tongji University School of Medicine, Shanghai, China 
*Equal contribution 
 

Correspondence to: Qunling Zhang; email: zqldoc@163.com, https://orcid.org/0000-0003-2513-1667 
Keywords: intercellular adhesion molecule-1, diffuse large B-cell lymphoma, rituximab, chemotherapy, prognosis 
Received: February 26, 2020 Accepted: September 24, 2020  Published: December 3, 2020 
 
Copyright: © 2020 Liu et al.  This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 
 

ABSTRACT 
 

Intercellular adhesion molecule-1 (ICAM-1) is a cell-surface receptor contributing to lymphocyte homing, 
adhesion and activation. The prognostic significance of the protein is unknown in diffuse large B-cell lymphoma 
(DLBCL) in post-rituximab era. We detected expression of ICAM-1 immunohistochemically in 102 DLBCL tissue 
samples. Overexpression of ICAM-1 was found in 28 (27.5%) cases. In patients with low ICAM-1 expression 
levels, the addition of rituximab to CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone) 
chemotherapy resulted in an improved overall response rate, progression-free survival (PFS) and overall 
survival (OS) (P=0.019, 0.01, 0.02). In pre-clinical models, we found that chronic exposure of cell lines to 
rituximab led to downregulation of ICAM-1 and acquirement of a rituximab resistant phenotype. In vitro 
exposure of rituximab resulted in rapid aggregation of B-cells regardless of the ICAM-1 expression levels. MTT 
assay showed knockdown of ICAM-1 could cause rituximab resistance. Neutralization of ICAM-1 did not affect 
rituximab activity in vitro and in vivo. Our data illustrated that in post-rituximab era, R-CHOP significantly 
improved the ORR, PFS and OS in ICAM-1 negative subset patients. Downregulation of ICAM-1 may contribute 
to rituximab resistance, and that rituximab, by promoting cell-cell aggregation, may sensitize cells to the 
cytotoxic effects of chemotherapy agents. 
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patients over the last several decades [2]. However, 

depending on risk profile of the patient, such as 

International Prognostic Index (IPI), cell of origin 

(germinal center B-cell (GCB) or activated B-cell (ABC) 

subtype), and double- or triple-hit or double expression of 

BCL-2 and c-MYC, one third of patients will get 

refractory/relapse after initial treatment [3, 4]. Patients 

who failed initial treatment have a dismal outcome [5]. 

Therefore, it is necessary to investigate predictive 

biomarkers of response and overall survival rate in the 

rituximab era to establish effective target therapy.  

 

Intercellular adhesion molecule-1 (ICAM-1) is a 

transmembrane glycoprotein of the immunoglobulin-

like superfamily of adhesion molecules, which is 

constitutively expressed on lymphocytes and 

endothelial cells [6–8]. It contains five extracellular Ig-

like domains, a transmembrane domain and a short 

cytoplasmic tail [9]. Binding to its ligand leukocyte 

function-association antigen-1(LFA-1, composed of 

CD18/CD11a), ICAM-1 has important contribution in 

lymphocyte homing, adhesion and activation. ICAM-1 

is also involved in the process of tumor immune 

response [10–13]. Other than that, ICAM-1 was found 

highly expressed in solid tumors, such as liver cancer, 

bladder cancer, melanoma, head and neck cancer and 

hematologic malignancies [14–18]. In lymphoma 

patients before rituximab era, several papers reported 

that ICAM-1 expression was found correlated to the 

lymphoma dissemination and had prognostic value for 

the treatment and survival. Lymphoma patients with 

higher ICAM-1 expression had higher overall survival 

rate [19–22]. 

 

Thus, ICAM-1 seems a potential predictor of clinical 

outcome in pre-rituximab era. However, in rituximab 

era, the prognostic value of ICAM-1 has not been 

known in lymphoma. Here we studied the expression 

level of ICAM-1 in 102 diffuse large B-cell lymphoma 

patients and investigated its association with rituximab 

treated progression-free survival (PFS) and overall 

survival (OS). We also used rituximab-sensitive and 

resistant cell line models to further explore the 

mechanism of action. 

 

RESULTS 
 

Demographic and baseline patient characteristics 

 

Among 102 patients who were all hospitalized, median 

age was 52 years (range, 19 to 72 years) at the time of 

diagnosis and 52 (51%) were male. According to Ann 

Arbor staging criteria, 67 patients (65.7%) had stage I/II 

diseases, and 35 patients (34.3%) had stage III/IV 

diseases. 80 patients (78.4%) were IPI 0 or 1 and 22 

patients (21.6%) were IPI 2 or more. Eastern Cooperative 

Oncology Group (ECOG) scores of patients were 0-1. 

Concerning of cell of origin, 41 patients were germinal 

center B-cell lymphoma (GCB) and 56 patients were 

non-germinal center B-cell lymphoma (non-GCB) 

according to Han’s algorithm. 59 patients (57.8%) 

received R-CHOP and 43 patients (42.2%) received 

CHOP regimen as the first-line treatment. Basic features 

of the patients are recorded concerning the clinical and 

pathological parameters (Table 1).  

 

ICAM-1 expression in lymphoma tissue samples 
 

ICAM-1 expression was observed on lymphoma cell 

membrane. The protein highly expressed in 28 (27.5%) 

cases. Image Figure 1A, 1B represented negative and 

positive expression of ICAM-1. Overexpression of 

ICAM-1 was observed more frequently in patients with 

GCB subtype than non-GCB subtype (41.5% vs. 19.6%, 

P=0.019) (Figure 1C). 

 

The association of ICAM-1 expression with ORR, 

PFS, and OS in CHOP and R-CHOP treated groups 

 

Previous studies reported that lower ICAM-1 expression 

correlated with inferior prognosis in non-Hodgkin's 

lymphoma before rituximab era [19]. Our study showed 

results consistent with previous studies, that CHOP 

patients with lower expression of ICAM-1 had a worse 

PFS (61% vs. 100%, P = 0.03), and a worse OS (64% 

vs. 100%, P=0.05) compared to those with higher 

expression of ICAM-1 by Kaplan-Meier analysis 

(Figure 2A, 2B). 

 

To our surprise, in post-rituximab era, R-CHOP 

significantly improved PFS and OS in ICAM-1 negative 

expression patients compared to CHOP patients 

(P=0.01, P=0.02; respectively) (Figure 2C, 2D). 

However, in the ICAM-1 positive patient, there was no 

statistical difference of PFS and OS between the two 

groups (Figure 2E, 2F).  

 

As for overall response rate, in ICAM-1 positive group, 

there was no statistical difference between patients 

treated with CHOP or R-CHOP regimen (77.7% vs. 

89.4%, P=0.409); however, in ICAM-1 negative group, 

an improved ORR was found in patients treated with R-

CHOP compared to those with CHOP regimen (92.5% 

vs. 73.5%, P=0.019) (Table 2). 

 

Downregulation of ICAM-1 and its correlation to 

aggregation and anti-CD20 antibody activity in 

rituximab sensitive and resistant cell lines (RSCL 

and RRCL) 
 

To investigate the mechanism underlying that low 

ICAM-1 expression group had better ORR, PFS and OS 
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Table 1. Initial characteristics and ICAM-1 expression in 102 DLBCL patients. 

 n 
ICAM-1 Expression 

P-value 
negative (%) positive (%) 

Gender 
    

Female 50 37 (74.0) 13(26.0) 
0.747 

Male 52 37 (71.2) 15(28.8) 

Age, years 
    

Median 52 
   

≤60 73 52(71.2) 21(28.8) 
0.637 

>60 29 22(75.9) 7(24.1) 

ECOG score 
    

0 72 53(73.6) 19(26.4) 
0.71 

1 30 21(70.0) 9(30.0) 

Ann Arbor Stage 
    

I 32 19(59.4) 13(40.6) 

0.232 
II 35 28(80.0) 7(20.0) 

III 24 19(79.2) 5(20.8) 

IV 11 8(72.7) 3(27.3) 

Number of extranodal sites  
    

0 62 46(74.2) 16(25.8) 

0.873 1 29 20(69.0) 9(31.0) 

>1 11 8(72.7) 3(27.3) 

LDH level 
    

Normal (≤250) 71 50(70.4) 21(29.6) 
0.466 

>Normal 31 24(77.4) 7(22.6) 

IPI score 
    

0-1 80 58(72.5) 22(27.5) 

0.792 2 16 11(68.8) 5(31.2) 

3 6 5(83.3) 1(16.7) 

B symptom 
    

yes 22 15(68.2) 7(31.8) 
0.604 

no 80 59(73.8) 21(26.2) 

Combined with rituximab 
    

yes 59 40(67.8) 19(32.2) 
0.208 

no 43 34(79.1) 9(20.9) 

Bulky disease 
    

yes 43 30(69.8) 13(30.2) 
0.591 

no 59 44(74.6) 15(25.4) 

Cell of Origen (n=97) 
    

GCB 41 24(58.5) 17(41.5) 
0.019 

non-GCB 56 45(80.4) 11(19.6) 
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treated by R-CHOP compared to CHOP regimen, we 

used RSCL and RRCL generated in our lab as previous 

described.  

 

We found the level of surface ICAM-1 protein decreased 

in RRCL by flow cytometry staining. However, ICAM-1 

binding ligand CD11a did not have significant decrease 

level (Figure 3A). Western blot also validated the lower 

expression levels of ICAM-1 in RRCL than in RSCL 

(Figure 3B). Since ICAM-1 is the major adhesion 

molecule, further investigation revealed that RRCL did 

not aggregate as a cluster together as RSCL did (Figure 

3C). We also used shRNA to knockdown ICAM-1 in 

RSCL and RRCL, and found that cell clustering is 

dependent on the ICAM-1 expression levels (Figure 3D). 

Anti-CD20 antibodies (rituximab, ofatumumab, TG20, 

R603 and GA101) dependent cellular toxicity (ADCC) 

and complement dependent cytotoxicity (CMC) were all 

decreased in rituximab resistant cells compared to its 

parental sensitive cell lines (Table 3). All these suggested 

decreased ICAM-1 expression correlated with loss of 

cellular aggregation and decreased CD20 antibody 

activity in RRCL. 

Rituximab enhances cellular aggregation in both 

ICAM-1 high expressed RSCL and ICAM-1 low 

expressed RRCL 
 

The major cellular killing activity of rituximab is by 

CMC and ADCC, both of which depend on cellular 

interaction with complement and/or other cells. We 

observed that both RSCL and RRCL aggregated after 

rituximab treatment, regardless of ICAM-1 expression 

levels (Figure 4). Furthermore, We performed western 

blot to examine expression levels of other adhesion 

molecules (ICAM-3, VCAM-1 and E-cad) in RSCL, 

and found all of them showed low or no expression 

(data not shown).  

 

Knockdown of ICAM-1 causes rituximab resistance 
 

We neutralized ICAM-1 in Raji cell line, which had 

high expression of ICAM-1, and found there were no 

statistical differences of rituximab mediated CMC and 

ADCC between the control group and ICAM-1 

neutralization group in vitro (P> 0.05, Figure 5A, 5B). 

However, MTT assay showed that downregulation of 
 

 
 

Figure 1. ICAM-1 expression in DLBCL patients. Representative immunohistochemical staining of ICAM-1 with negative (A) and positive 
(B) expression. (C) Overexpression of ICAM-1 in GCB and non-GCB subtypes. 
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ICAM-1 could cause resistance of rituximab (P values 

are shown in Figure 5C). In vivo, rituximab combined 

with ICAM-1 neutralization did not affect rituximab 

killing activity (P> 0.05) (Figure 5D). 

DISCUSSION 
 

DLBCL is a heterogeneous disease in both clinical and 

biological settings. Many factors identified have 

 

 
 

Figure 2. Progression-free survival (PFS) and overall survival (OS) of DLBCL patients in our study. Kaplan-Meier curves showing 
the association between ICAM-1 expression and PFS (A), OS (B) of DLBCL patients treated with CHOP regimen. R-CHOP could significantly 
improve PFS (C) and OS (D) in ICAM-1 negative expression patient compared to CHOP patients. In ICAM-1 positive patient, no statistical 
difference of PFS (E) and OS (F) between R-CHOP and CHOP group. All the P values are shown in the graph, by log-rank test. 
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Table 2. Response rate of patients with different ICAM-1 expression treated by CHOP or R-CHOP regimen. 

ICAM-1 
 

CR+PR SD+PD Total ORR (%) P Value 

Positive 
CHOP 7 2 9 77.7 

0.409 
R-CHOP 17 2 19 89.4 

Negative 
CHOP 25 9 34 73.5 

0.019 
R-CHOP 37 3 40 92.5 

 

prognostic values, such as Ki67, BCL-2 and c-MYC 

etc. [23, 24]. ICAM-1 is an adhesion molecule 

normally expressed on the surface of lymphocytes and 

endothelial cells. It was also found expressed on 

various cancer cells, including head and neck cancer, 

melanoma and lymphoma. Previous study showed  

that absence or low expression of ICAM-1 was 

correlated with bone marrow infiltration, advanced 

stage and dismal clinical outcome in pre-rituximab era 

[19–22, 25]. 

 

 
 

Figure 3. Level of ICAM-1 and its correlation with aggregation in rituximab sensitive and resistant cell lines. (A) Levels of 
ICAM-1 and its binding ligand CD11a in rituximab sensitive and resistant cell lines by flow cytometry staining. (B) Western blot showed 
lower expression levels of ICAM-1 in rituximab resistant cell lines (RRCL) than in rituximab sensitive cell lines (RSCL). (C) Ability of 
aggregate as cluster in RRCL and RSCL at different time points. (D) Knockdown of ICAM-1 by shRNA and the ability of aggregation in RSCL 
and RRCL. 
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Table 3. ADCC and CMC assays detecting anti-CD20 antibody activity in RRCL and RSCL. 

Cell Line  
% ADCC (N=3) % CMC (N=4) 

R Ofatumumab TG20 R603 GA101 R Ofatumumab TG20 R603 GA101 

Raji 25.99 30.82 47.9 53.57 58 79.87 87 82.05 80.08 12.87 

Raji2R 14.35 14.63 26.84 29.78 39.41 3.26 8.68 4.6 1.94 0.89 

Raji4RH 7.03 6.88 13.2 15.36 23.56 3.62 9.42 4.4 3.72 2.45 

RL 22.62 25.9 45.65 52.1 56.45 89.52 91.28 88.86 88.94 13.98 

RL4RH 17.07 17.88 29.72 32.78 42.07 4.54 9.07 7.11 4.64 3.77 

 

 
 

Figure 4. Cellular aggregation in RSCL and RRCL treated with rituximab. Rituximab enhances cellular aggregation in both ICAM-1 
high expressed RSCL and ICAM-1 low expressed RRCL. 
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In our study, ICAM-1 was detected mainly on the 

membrane. In pre-rituximab era, Kaplan-Meier 

analysis indicated that patients with high expression of 

ICAM-1 had a better PFS compared to those with low 

expression of the protein in the CHOP group (P=0.03). 

OS between the two group showed a strong tendency 

towards statistical significance (P =0.05), which is 

consistent with other reports [19, 21, 22]. But in 

rituximab era, to our surprise, we found there were no 

significant differences in PFS and OS between the 

ICAM-1 negative patient and positive patients.  

 

Furthermore, we found that in ICAM-1 negative 

patients, R-CHOP regimens achieved a significant 

higher ORR, PFS and OS than CHOP regimens. 

However, in ICAM-1 positive patients, no difference 

was found. This indicated ICAM-1 negative patient may 

gain more benefit from rituximab combined treatment 

than the ICAM-1 positive patients.  

 

Although higher ICAM-1 was detected in GCB subtype 

patients (P=0.01), the association between patients with 

GCB or non-GCB and their PFS and OS was not found 

statistical difference. 

 

Considering molecular mechanism, correlation between 

ICAM-1 expression, cellular aggregation and rituximab 

anti-tumor activity was determined by flow cytometry, 

aggregation assay, CMC and ADCC assays as well as 

MTT assay. Loss of ICAM-1 expression level was 

found in rituximab resistant cell lines, along with 

reduction of cellular aggregation and rituximab 

activity. The major cellular killing activity of 

rituximab is by ADCC and CMC, both of which

 

 
 

Figure 5. Impacts of neutralization of ICAM-1 in vitro and in vivo. (A, B) Neutralization of ICAM-1 did not affect rituximab and other 
anti-CD20 antibodies mediated CMC and ADCC in rituximab sensitive cell lines. (C) MTT assay showed that downregulation of ICAM-1 could 
cause resistance of rituximab. (D) Kaplan-Meier analyses showing the survival curves of neutralization of ICAM-1 alone and in combination 
with rituximab in vivo. (*P<0.05, **P <0.01, ***P <0.001,****P <0.0001). 
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depend on cellular interaction with complement 

and/or other cells. Previously studies also revealed 

that rituximab could modify intracellular targets, and 

could sensitize cells to the cytotoxic effects of 

chemotherapy agents [26, 27]. We and others found 

that rituximab increased cellular aggregation 

independent of ICAM-1 expression level [28–30]. It is 

possible that rituximab may partially compensate the 

loss of cellular adhesion caused by low ICAM-1 level 

in patients treated with R-CHOP. In rituximab 

sensitive cell lines which ICAM-1 is relatively over-

expressed, we found that knockdown of ICAM-1 

could cause resistance of rituximab. However, 

neutralization of ICAM-1 did not affect rituximab-

mediated ADCC and CMC activity in vitro and in 

vivo. The possible reason might be that shRNA could 

integrated into the genome for gene silencing, while 

neutralizing antibodies would not block the surface 

proteins entirely. Moreover, rituximab had other anti-

tumor activities besides ADCC and CMC [31]. These 

may also explain that rituximab-based treatment had 

good PFS and OS independent of ICAM-1 expression 

levels in the clinical setting. 

 

Our clinical data suggested that patients with low 

ICAM-1 expression level identified before  

treatment had superior outcome when receiving R-

CHOP regimen. However, exposure to rituximab caused 

loss of ICAM-1 and acquired resistance. The 

contribution of the loss of ICAM-1 to drug-resistance 

remains utterly unknown and needs to be further 

investigated. 

 

Overall, our research found ICAM-1 expression  

level was higher in GCB than non-GCB subtype.  

Before the rituximab era, ICAM-1 low expression 

correlated with worse PFS. This is the first  

time to report that rituximab significantly improved  

the ORR, PFS and OS in ICAM-1 negative subset 

patients. Loss of ICAM-1 after exposed lymphoma cell 

to rituximab may contribute to the resistance to 

rituximab. 

 

MATERIALS AND METHODS 
 

Patients and samples 
 

A total of 102 patients were included in this 

retrospective study that were newly diagnosed of 

DLBCL and treated in Fudan University Shanghai 

Cancer Center, Shanghai, China from March 2009 to 

December 2012. All patients were pathologically 

confirmed as DLBCL through surgical or biopsy 

samples, and all pathological results were reviewed by 

experienced pathologists in pathology department of 

Fudan University Shanghai Cancer Center. The 

demographic details, clinical and laboratory features 

of the patients are summarized in Table 1. This study 

was approved by the Institutional Review Board of 

the Fudan University Shanghai Cancer Center. 

Survival data were available with a median follow-up 

of 1,545 days (range 45~2,598 days).  

 

Immunohistochemistry (IHC) 
 

Immunohistochemical staining was carried out with the 

Dako Envision System (Dako, Glostrup, Denmark). In 

brief, formalin-fixed, paraffin-embedded tissue sections 

were incubated overnight at 4° C with mouse monoclonal 

antibody against ICAM-1 (Santa Cruz, CA, USA) at 

1:100 dilutions. Slides with no primary antibodies added 

served as negative controls.  

 

Immunohistochemical assessment 

 

The expression level of ICAM-1 was assessed by 

percentage of positive cells. Tumors were considered 

positive when at least 75% of tumor cells expressed 

ICAM-1. Assessment was done by three pathologists 

without prior knowledge of the clinical features or 

follow-up data of the patients. 

 

Cell lines 
 

Human lymphoma cell line Raji and RL were purchased 

from American Type Culture Collection (ATCC, 

Manassas, VA). Rituximab resistant cell line Raji  

4RH, RL 4RH were generated by exposure sensitive 

cells to rituximab at escalating dosages over times in  

the presence of human complement as previously 

described [32].  

 

All the cell lines were maintained in RPMI 1640 

supplemented with 10% heat-inactivated fetal bovine 

serum, 100 U/ml penicillin and 100 g/ml streptomycin, 

maintained in 5% CO2 at 37° C. 

 

Disruption of cell cluster aggregation for spontaneous 

re-aggregation study 
 

Disruption of rituximab sensitive cell line (RSCL) 

clusters at the concentration of 1×10
6 

cells/ml were 

achieved by gentle pipetting before plating on a 6-well 

plate. Re-aggregation of cell cluster was then observed, 

and pictures were taken under microscope at different 

time intervals. 

 

Effects of rituximab on spontaneous cell cluster 

aggregation 
 

1×10
6
 cells were centrifuged and RPMI 1640-10%FBS 

media was removed, leaving 500ul in the tube with cells. 
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Calculated volume of rituximab, or isotype controls was 

added to each tube of cells. Cells were resuspended 

briefly so that they mixed well with antibody, and then 

incubated for 1hr in 37° C incubator for binding of 

antibody to cell surface to occur. After 1hr incubation, 

1ml of RPMI1640-10% FBS media was added back to 

each tube. Cells were again resuspended well by gentle 

pipetting before being transferred to a 6-well plate. 

 

Flow cytometry for ICAM-1 detection 
 

RSCL and rituximab resistant cell lines (RRCL) were 

treated with rituximab or Herceptin isotype control for 

48h. Then the cells were stained with either FITC-

conjugated mouse anti-human ICAM-1 (BD Invitrogen) 

or Isotype control (mouse IgG2α-FITC) (BD 

Invitrogen) for 30 minutes. Cells were then washed with 

PBS, fixed with 2% paraformaldehyde and analyzed by 

flow cytometry using FACSCCalibur (BD Biosciences). 

Cells were analyzed using the FCS express software 

(De Novo Software, Los Angeles, CA, USA). 

 

Western blot 
 

Cells were lysed in 200 μl lysis buffer (12.5mM Tris-

HCL PH 6.8, 4% SDS, 20% glycerol, 0.004% 

bromophenol blue). The protein extracts (20 μg) were 

separated by 10% SDS–PAGE and transferred to 

polyvinylidene fluoride membranes (Millipore, 

Temecula, CA, USA). The membrane was blocked for 1 

hour by 5% non-fat milk and then incubated with 

primary antibodies overnight at 4 °C. After washed 3 

times with Tris-buffered saline/0.1% Tween 20, the 

membrane was incubated with horseradish peroxidase-

linked secondary antibodies for 1 hour. Proteins were 

visualized using Tanon full-automatic light detecting 

system with the BeyoECL Star (Ultra hypersensitive 

ECL chemiluminescence kit). All the data were 

confirmed by three individual experiments. 

 

Plasmid, lentivirus production and infection 

 

The forward sequences of shRNAs targeting ICAM1 were 

as follows: sh-1: CCGGCCGGTATGAGATTGTCAT 

CATCTCGAGATGATGACAATCTCATACCGGTTTT

TG;sh-2:CCGGGCCAACCAATGTGCTATTCAACTC 

GAGTTGAATAGCACATTGGTTGGCTTTTTG. The 

shRNA oligo sequences were cloned into a lentiviral 

shRNA expressing plasmid GV248 (GeneChem, 

Shanghai). A scramble sequence TTCTCCGAA 

CGTGTCACGT constructed as stem-loop-stem structure 

were also cloned into the same plasmid and were used as 

control (SC). For the production of lentivirus, 293T cells 

were transfected with shRNA-expressing plasmids (SC, 

shICAM1-1, or shICAM1-2) and packaging plasmids 

(PSPAX2 and pMD2G) by Lipofectamine® 3000 

(Invitrogen). Virus supernatants were harvested at 48h, 

72h and 96h after transfection and were used to infect 

cultured cell lines. The infected cells were then isolated by 

puromycin selection. 

 

Antibody-dependent cellular cytotoxicity (ADCC) 

and complement-mediated cytotoxicity (CMC)  
 

The ADCC and CDC were accessed by 
51

Cr release 

assay. In brief, cells were labeled with 
51

Cr at 37° C, 5% 

CO2 for 2 hours and then were plated at a cell 

concentration of 1x10
5
 cells/well (CMC assay) or 1x10

4
 

cells/well (ADCC assay). Cells were then exposed to 

rituximab (10μg/ml), ofatumumab, TG20, R603 and 

GA101 or isotype (10μg/ml) and human serum (CMC, 

1:4 dilution) or PBMCs (ADCC, 40:1 effector: target 

ratio) for six hours at 37° C and 5% CO2. 
51

Cr release 

was measured and percentage of cell-lysis was 

calculated as previously described. 

 

Cell viability assay (MTT assay) 
 

RSCL was plated at a cell density of 1 × 10
5
 cells/ml in 

96 well plates and was exposed to 10ug/ml of rituximab 

for different time intervals. At the indicated time points, 

20 µl of 0.5 mg/ml MTT (Thiazolyl Blue Tetrazolium 

Bromide, Sigma) was added to each well and incubated 

at 37° C for 4 h. In the end, the culture was replaced 

with 150 µL DMSO (dimethyl sulfoxide, D8418, 

Sigma) to stop the reaction. The absorbance values (OD 

570 nm) were measured using a spectrophotometer. 

 

Analyses of the effect of ICAM-1 neutralization in 

RSCL on tumor growth in SCID mouse model 
 

Following 1hr incubation with the indicated antibodies 

(10μg/ml rituximab, 0.25 μg/ml ICAM-1 neutralizing 

antibody (Calbiochem), or isotype controls), Raji cells 

were inoculated into SCID mice through 

intraperitoneally. The growth of tumor was measured 

twice per week and mice were sacrificed when one 

dimension of the tumor reached 2cm, or when 

necrotic/ulcerated tumor developed. The average 

cumulative days of survival were calculated. 

 

Statistical analysis 
 

The analyses were performed using SPSS 23.0 (SPSS 

Inc., Chicago) or GraphPad Prism 8 software (GraphPad 

Software, Inc., La Jolla, CA). Associations between 

protein expression and clinical/laboratory parameters or 

treatment response were assessed by 
2
 test. Differences 

of the cell viability between control and sh-ICAM-1 cell 

lines treated with rituximab were analyzed using students 

t-test. Kaplan-Meier survival curves were constructed for 

survival analyses, and differences were tested by the log-
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rank test. OS was defined as the time between the date of 

surgery or biopsy and the date of death or the date of last 

contact. PFS refers to the period from the beginning of 

treatment to the observed progression of the disease or 

the occurrence of death for any reason. The data of 

patients alive at the end of the study were censored. All P 

values were two-sided, and the results were considered 

significant if P < 0.05. 

 

Abbreviations 
 

ICAM-1: Intercellular adhesion molecule-1; DLBCL: 

diffuse large B-cell lymphoma; GCB: germinal center 

B-cell; IPI: International Prognostic Index; RSCL: 

rituximab sensitive cell line; RRCL: rituximab resistant 

cell line; PFS: progression-free survival ; ORR: overall 

response rate ; OS: overall survival ; ADCC: antibody-

dependent cellular cytotoxicity; CMC: complement-

mediated cytotoxicity. 
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