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Short Communication
Patient derived xenograft (PDX) models are useful model systems 

in cancer research to represent human cancer heterogeneity, intra-
tumor and inter-tumor, and offer greater predictive value than 
traditional cell line-derived xenografts. They are indispensable, 
personalized models for preclinical drug screening, biomarker 
identification, molecular mechanistic studies, and personalized 
precision medicine. One of the most widely used approach to 
establish PDX tumor model is based on the transplantation of 
primary or metastatic human tumors (or pleural effusion) directly 
into highly immunodeficient mice, such as nonobese diabetic/
severe combined immunodeficient mice (NOD/Scid) and NOD scid 
gamma mouse (NSG), followed by continuous propagation of the 
established heterotopic or orthotopic engraftment in mice [1-3]. 
However, these PDX models require invasive surgical procedure to 
collect fresh solid tumor, metastatic lesion or pleural effusions from 
a patient which is costly and exposes the patient to suffer the pain 
and increased risk of morbidity. Circulating tumor cells (CTCs) are 
tumor cells escape from the primary tumor and enter circulation. 
They are considered the seeds of metastasis, which account for 
more than 90% cancer-related deaths. 

Recently, CTCs from prostate and lung cancer patients have 
been used to successfully generate prostate cancer and lung cancer-
derived PDX models respectively [4,5]. Comparing to conventional 
PDX models, CTC-derived xenograft models (CDXs) have many 
advantages including minimal pain/risk to patients and easily non-
invasive obtained samples at any phase of the disease progression. 
However, there are several limitations and challenges to establish 
CDXs including the rare event of CTCs and specific devices required 
to isolate CTCs which are not available in every laboratory. Ours and 
other studies have demonstrated that CTC exist as both single cells 
and clusters, and CTC clusters have increased metastatic ability and 
stemness than single CTCs [6,7]. Therefore, we hypothesize that CTC 
clusters could have higher potential to engraft in mice to generate 
CTXs than single CTCs. The Cell Search TM system is the first and 
only clinically validated, FDA-cleared system for identification, 
isolation, and enumeration of CTCs of epithelial origin (CD45-, 
EpCAM+, and cytokeratins) in whole blood. In our ongoing project, 
we are making efforts to establish breast cancer CDXs. 

To increase success rate, we first used CellSearchTM to select 
and process the samples from patients with CTC clusters (Figure 
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1). In order to avoid losing CTCs during blood process, we directly 
orthotopically injected white blood cells (WBCs) into mammary fat 
pats of immunodeficient NSG mice after red blood cells (RBCs) lysis. 
Unexpected, all mice injected with these WBCs developed tumors 
expressing CD20 but not Ep CAM, indicating these tumors are 
lymphoma but not breast cancer (Figure 2). Therefore, we modified 
our protocol to deplete CD45 positive mononuclear cells either 
by BD cell sorter or MACS CD45 microbeads to enrich CTCs from 
peripheral blood samples collected from metastatic breast cancer 
patients with CTC clusters. The enriched CTCs are then injected into 

NSG mice. By this approach, we have successfully generated breast 
cancer CDXs from blood     samples     with   200-1000 CTCs/7.5ml 
blood counted by Cell Search. We then searched for the reasons 
why lymphoma developed in these NSG mice. We found that the 
development of lymphoma from human tumor sample xenografts 
is not a new phenomenon. Several studies have revealed that 
human tumors engrafted in immunodeficient mice are susceptible 
to Epstein-Barr virus (EBV)-associated lymphoma-genesis during 
generation of conventional PDXs [8-10]. 

Figure 1: Representative images of CTCs clusters from metastatic breast cancer patients captured by CellSearch platform. Anti-
CK: epithelial marker to identify breast cancer cells: DAPI: to stain nucleus; anti- CD45: to stain blood cells.

Figure 2: Characterization of established CDXs by flow cytometry. Upper panel shows NSG mouse developed CD20+ 
lymphoma from WBC blood sample without CD45 depletion. Lower panel shows EpCAM+ breast cancer CTXs established 
from CD45 depleted blood sample.
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EBV infects over 90% of humans persisting for the lifetime 
of immunocompetent individuals without symptom. They can 
infect human B-cells, T-cells, NK cells, and epithelial cells. Under 
immunocompromised condition, these latent infected cells can 
develop lymphomas. Because B-cells are typically present in solid 
tumors, the development of lymphoma is a common problem 
during generation of conventional PDXs with the range from 17% 
(in SCID mice) to 80% in NSG mice [10]. Although CDX models 
have great potential in the development of personalized therapy 
for cancer patients, the lymphomagenesis during generation of 
CDXs suggest that careful screening of lymphocytic markers ( such 
as CD20,CD19) are necessary to ensure the accuracy of generated 
CDXs. It is worth mentioning that we noticed that it takes shorter 
time to develop lymphoma (2-3 months) than breast cancer (5-8 
months). Therefore, the faster the tumor forms, the higher chance 
the mice develop lymphoma instead of expected tumor.
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