




Previous studies have shown that caKRas impairs iNTK cell
terminal maturation (22), correlated with enhanced mTOR
signaling (35). We show in this study that caKRas causes
hyperactivation of T cells and early onset of cellular infiltration in
the liver and pancreas, suggesting the importance of tight control
of Ras activity in T cells. Ras functions via activating multiple
effector molecules/pathways, such as the Raf-Mek1/2-Erk1/2-AP1
pathway, PI3K, Ral, and PKC� (43, 44). In caKRas T cells,
Erk1/2, mTOR, and PI3K activities are elevated (35). Erk1/2,
PI3K, and mTOR are known to mediate T cell activation and/or
survival. Elevated Erk1/2, PI3K/Akt, or mTOR signaling cause
dysregulated T cell activation, resistance to anergy, loss of toler-
ance or quiescence, and autoimmunity (45–48). In addition to
abT cells, the RasGRP1–Ras–Erk pathway regulates gdT cell
activation (49–51). Further studies should determine how caKRas
may impact on gdT cell development and function.
The most striking pathological abnormalities that occur in

caKRas-CD4Cre mice are the early onset and fatal accumulation
of AMFs, hyperplasia of AECs and BECs, and development of

multiple adenomas in the lung within 1 mo of age. Hypermorphic
KRas has been found in numerous solid tumors. In animal models,
expression of caKRas in airway epithelial cells induces tumor
generation. However, tumorigenesis in these models usually takes
a much longer time than in caKRas-CD4Cre mice (52, 53), sug-
gesting that expression of caKRas in AMFs, AECs, BECs, and
possibly in T cells might alter the local environment that facili-
tates tumorigenesis.
In summary, our data indicate that enhanced Ras activity leads

to hyperactivation of T cells and fatal accumulation of AMFs,
hyperplasia of both ATIs and ATIIs, and multiple adenomas in the
lung, highlighting the importance of tight control of Ras activity in
both the immune and respiratory systems. caKRas-CD4Cre mice
may provide a novel model to study proliferative pneumonia and
lung carcinoma. The unexpected high efficiency of Cre-mediated
recombination in AMFs, BECs, and AECs in CD4Cre mice sug-
gests that caution is warranted when using this strain of mice for
T cell–specific gene targeting and suggests the utility of this strain
of mice for gene manipulations in multiple cell lineages in the

FIGURE 6. Highly efficient Cre-mediated recombi-

nation in AMFs. ZsGreen–CD4Cre mice were exam-

ined for ZsGreen expression in AMFs. ZsGreen mice

without the Cd4Cre transgene were used as negative

control. (A) Representative dot plots showing ZsGreen

expression in gated CD45+F4/80+CD11c+SiglecF+

AMFs and CD45+F4/80+SiglecF2 IMFs of the lung.

(B) Percentages of ZsGreen+ cells in indicated AMFs

and IMFs. ****p , 0.0001 by Student t test.

FIGURE 7. Highly efficient Cre-mediated re-

combination in AECs. ZsGreen–CD4Cre mice

were examined for ZsGreen expression in AECs.

ZsGreen mice were used as negative control. (A)

Representative dot plots showing ZsGreen expres-

sion in EpCAM+MHCII+ AECs. (B) Percentages

of ZsGreen+ cells in AECs. *p , 0.05 by Wilcoxon

signed-rank test. (C) ZsGreen expression in differ-

ent EpCAM+MHCII+ AEC populations. (D)

ZsGreen expression in CD452 EpCam+MHCII2

podoplanin+ AT1 cells. (E) Detection of ZsGreen

in AECs by immunofluorescence microscopy. Cry-

othin sections from ZsGreen–CD4Cre lung were

stained with an anti-ProSPC Ab followed with a

rhodamine-conjugated secondary Ab. Samples were

mounted with a DAPI containing mounting medium

and examined with a confocal microscope. Arrows

point to AT1 cells. (F) Detection of ZsGreen in

BECs by immunofluorescence microscopy. The

exposure time was reduced to observe BECs be-

cause of very high expression of ZsGreen in BECs.

ZsGreen in AECs can be observed when increasing

exposure time.
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lung and for investigation of BEC/AEC ontogeny. Given the im-
portant roles that AMFs, BECs, and AECs play in lung homeo-
stasis and function, host defense, and immunopathogenesis of
diseases, including asthma, we caution data interpretation when
using the CD4Cre model for evaluation of T cell functions/roles in
the respiratory system. Extrapolating further, we speculate that
it is likely that analogous cases of unexpected Cre-mediated
recombination are yet to be discovered with other conditional
Cre drivers.
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Phosphatidylinositol 3-kinase functions as a Ras effector in the signaling cascade
that regulates dephosphorylation of the actin-remodeling protein cofilin after
costimulation of untransformed human T lymphocytes. J. Immunol. 176:
1668–1674.

45. Mor, A., G. Campi, G. Du, Y. Zheng, D. A. Foster, M. L. Dustin, and
M. R. Philips. 2007. The lymphocyte function-associated antigen-1 receptor
costimulates plasma membrane Ras via phospholipase D2. Nat. Cell Biol. 9:
713–719.

46. Di Cristofano, A., P. Kotsi, Y. F. Peng, C. Cordon-Cardo, K. B. Elkon, and
P. P. Pandolfi. 1999. Impaired Fas response and autoimmunity in Pten+/- mice.
Science 285: 2122–2125.

47. Xie, D. L., J. Wu, Y. L. Lou, and X. P. Zhong. 2012. Tumor suppressor TSC1 is
critical for T-cell anergy. Proc. Natl. Acad. Sci. USA 109: 14152–14157.

48. Park, Y., H. S. Jin, J. Lopez, C. Elly, G. Kim, M. Murai, M. Kronenberg, and
Y. C. Liu. 2013. TSC1 regulates the balance between effector and regulatory
T cells. J. Clin. Invest. 123: 5165–5178.

49. Shen, S., Y. Chen, B. K. Gorentla, J. Lu, J. C. Stone, and X. P. Zhong. 2011.
Critical roles of RasGRP1 for invariant NKT cell development. J. Immunol. 187:
4467–4473.

50. Chen, Y., X. Ci, B. Gorentla, S. A. Sullivan, J. C. Stone, W. Zhang, P. Pereira,
J. Lu, and X. P. Zhong. 2012. Differential requirement of RasGRP1 for gd T cell
development and activation. J. Immunol. 189: 61–71.

51. Zarin, P., G. W. Wong, M. Mohtashami, D. L. Wiest, and J. C. Zúñiga-Pflücker.
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