


streptavidin-Pacific Blue) to identify live stromal cells. Panels 
were acquired on an LSR II Flow Cytometer (BD Biosciences). 
All data were analyzed using FlowJo™ Software (Tree Star, 
Inc.). The MHC class II in APCs demonstrated broad range of 
staining intensity, however, this was not problematic since 
none of the other fluorochromes required compensation.

Quantitative reverse transcriptase–PCR

TECs were spun down for 5 min at 1,000×g and 
resuspended in RNAlater™ (Qiagen). Total RNA was prepared 
using an RNeasy® Mini Kit (Qiagen). cDNA was prepared 
using the Superscript® III RT (Invitrogen). Quantitative PCR 
was performed on the LightCycler® 480 System using the 
mono-color hydrolysis probe protocol (Roche).

Statistical analysis 

Statistical analysis was performed using Statview 5.0.1 
software. All studies were analyzed using unpaired 
Student’s t-test.

Results

New rapid TEC preparation generates healthy 
subpopulations

We first investigated whether the new TEC preparation 
could adequately provide live TECs for flow cytometric 
evaluation and found that TECs could be consistently 
identified (fig. 1A–C). Furthermore, individual live cells 
(TECs, thymocytes, dendritic cells (DCs)) could be visualized 
by immunohistocytometry⁷. Based on discrimination of 
dead cells by PI fluorescence, greater than 95% of the total 
cells in the TEC fraction and greater than 70% of the CD45– 
fraction were viable after preparation with this technique 
(fig. 1D). All TEC extractions were accomplished in under 
30 min from thymic anlage to TEC single-cell suspension. 
Compared with published TEC preparations⁸, the new 
method yielded more easily discernable TEC populations 
and greater TEC viability. Although the total cell viability 
exceeded 95% in both methods, the proportion of live cells 
in the CD45– fraction from the previously published method 
was less than 50% compared to greater than 70% from all 
experiments with the new method. The new method also 
improved TEC separation and led to increased recovery of 
TEC populations, defined by the expression of EpCAM and 
MHC class II in UEA+ or Ly51+ cells⁷.

New tissue dissociation technique yields consistent 
amounts of TECs, endothelial cells, and dendritic cells

Having demonstrated that this technique preserves 
cell viability and protein expression necessary for flow 
cytometric analysis, we next evaluated the consistency 
of this method. Comparing six groups (18 mice) across 
different days and with different technicians yielded very 
similar total proportions and total number of TECs (fig. 
2A–B). Finally, DCs (CD45+CD11c+) and endothelial cells 
(CD45–CD31+) were also captured consistently (fig. 2C–D). 
Since the Liberase 4 enzyme can cleave the CD11c epitope 
used to identify the DC population, it is possible that DC 
numbers are underrepresented, although the proportion 
of DCs was equivalent to that revealed by the collagenase/

Figure 1  TEC subset identification by flow cytometric analysis. 
TEC populations were enumerated by flow cytometry, with medullary 
TECs defined as CD45–UEA+, cortical TECs as CD45–Ly51+ MHC 
Class II+ and a triple-negative population of CD45–UEA–Ly51– cells. 
Representative flow cytometry plots are shown for (A) gating of the 
CD45– cell population and (B) discrimination of medullary UEA+ TECs 
and the Ly51+ cell populations (cortical TECs and fibroblasts) within the 
CD45– population, and finally (C) MHC Class II staining on CD45–Ly51+ 
cells to discriminate cortical TECs from fibroblasts and CD45–UEA+ 
cells. Moreover, the MHC class IIhigh population with high proliferation 
potential⁹ could be distinguished from the MHC class IIintermediate 
population. Colors in A, B, and C illustrate the gating strategy. For the 
MHC class II histogram, the isotype control is indicated in light gray, 
MHC class II–specific staining in black. (D) Viability of the total cell 
population and the CD45– cells within the TEC fraction was determined 
based on PI fluorescence. The graph represents the means of four 
separate TEC preparations of age-matched mice. 
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dispase method (data not shown). Given that MHC class 
II staining was not incorporated into this analysis, the 
proportion of DCs may also be slightly overrepresented 
as approximately 15% of CD45+CD11c+ cells (with the 
new method) lack MHC class II, a requirement for DC 
identification.

New tissue dissociation technique reveals alterations in 
thymocyte and TEC populations following irradiation

Having observed that this method of TEC preparation 
yielded consistent numbers of live cells, we next utilized 
this method to determine if we could identify changes in 
TECs following irradiation therapy in a murine model. In 
order to identify the optimal dose for these experiments, 
we first determined the effects of increasing radiation 
doses on thymic size. A linear decrease in thymus weight 
was observed following escalating radiation doses⁷. A dose 
of 750 cGy resulted in a significant but moderate decrease 
in thymus size and was thus chosen to test if our new 
method could identify radiation-induced changes in TEC 
populations. We then utilized the new TEC preparation 
method to evaluate the effect of radiation on TECs and 
thymocytes. One week after irradiation, the thymic weights 
and thymocyte number were significantly decreased as 
expected⁷. Stromal populations were differentially affected 
by radiation. There was a decrease in total cell numbers 
for medullary UEA+ TECs, cortical Ly51+ MHC class II+ TECs, 
and CD45–UEA–Ly51– cells (fig. 4A–B). Radiation selectively 
decreased the proportion of UEA+ TECs and MHC class 
II+Ly51+ TECs (fig. 3C–D). Published data have suggested 
that MHC class IIhighUEA+ cells show a high proliferation 
potential⁹. We found that among UEA+ cells the MHC 
class IIhigh fraction was particularly decreased. 
In contrast, the proportion of Ly51+ cells was increased due 
to enrichment of fibroblast cells (Ly51+MHC class II–) (fig. 
3C). Depletion of TECs following irradiation was confirmed 
by decreased EpCAM gene expression determined by 
quantitative RT-PCR in the digested samples (fig. 3E). Similar 
to TECs, DCs were also significantly depleted following 
irradiation, while endothelial cells were unaffected (fig. 3F), 
consistent with suggestions from prior studies showing a 
prominence of vasculature due to thymocyte loss rather 
than changes in endothelial cell populations¹⁰. 

Summary

Emerging data suggest that thymic renewal following 
immune-depleting procedures, such as TBI and 
chemotherapy, is critically dependent on the thymic 
epithelial cell component of the thymus³-⁶. TECs determine 
thymic niche size, produce critical factors that promote 
thymopoiesis, and mediate central tolerance¹¹,¹². In this 
report we demonstrate that our new TEC preparation 
procedure is an effective, consistent, and rapid method 
allowing detection of subtle changes in the thymic stromal 
cell population⁷, which has been shown to be important 
in thymic renewal. The use of this new TEC preparation 
method utilizing the gentleMACS Dissociator should open 
up opportunities to study TEC function for laboratories that 
have been previously hindered by the laborious and time-
consuming procedures for the preparation of TECs. 

Figure 2  The new method for TEC preparation is reproducible 
and consistent. Six groups of 3 age-matched thymi (18 total) were 
subjected to the new method for TEC preparation by more than 2 
technicians over multiple days. TECs, DCs, endothelial cells, fibroblasts 
and thymocytes were enumerated by flow cytometry. The proportions of 
each population within the CD45– fraction (A) and total numbers (B) were 
consistent across experiments and technicians. The DC (C), and endothelial 
cell (D) numbers were also reliable across experiments and examiners. 
Standard error bars are shown for each population.
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Figure 3  Effect of irradiation on thymic cell subpopulations. Six 
groups of three mice each (18 total) were sacrificed one week after receiving 
750 cGy irradiation. Using the new method for the dissociation of thymus 
we prepared single-cell suspensions for flow cytometric analysis. Data 
represent six experiments with standard error bars. The proportion of TECs 
increased following irradiation (A), however the total number of TECs decre-
ased (B). Representative dot plots demonstrate a smaller percentage of TECs 
in the control mice with greater proportion of UEA+ TECs and MHC class II 
staining on the Ly51+ cells (A). For the MHC class II histogram, the isotype 
control is indicated in light gray, MHC class II–specific staining in black. In 
contrast, the proportion of Ly51+MHC class II– cells is greater in the irradiated 

cohort. This is demonstrated graphically (C). TECs were individually analy-
zed with regard to MHC class II expression to identify changes in these sub-
populations (D). The greatest cell loss occurred in the UEA+MHC class IIhigh 
population (3-fold depletion), although, cortical TEC populations were also 
significantly decreased. Loss of TECs following irradiation was confirmed by 
RT-PCR of EpCAM gene expression in digested samples (E). EpCAM was nor-
malized to GAPDH; total CD45– cell numbers were then used to normalize 
to stromal cell fractions. Finally, the DC number was significantly decreased 
following irradiation while the endothelial cell number was unaffected (F).
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