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B6.Ragl Knockout Mice Generated at the Jackson
Laboratory in 2009 Show a Robust Wild-Type Hypertensive
Phenotype in Response to Ang II (Angiotensin II)
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Catherine Meyer-Schwesinger, Ulrich O. Wenzel, Heimo Ehmke
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Abstract—A key finding supporting a causal role of the immune system in the pathogenesis of hypertension is the observation
that RAG1 knockout mice on a C57B1/6J background (B6.Ragl1~-), which lack functional B and T cells, develop a much
milder hypertensive response to Ang II (angiotensin II) than control C57Bl/6J mice. Here, we report that we never
observed any Ang II resistance of B6.Ragl~~ mice purchased directly from the Jackson Laboratory as early as 2009.
B6.Rag1~~ mice displayed nearly identical blood pressure increases monitored via radiotelemetry and hypertensive end-
organ damage in response to different doses of Ang II and different levels of salt intake (0.02%, 0.3%, and 3% NaCl
diet). Similarly, restoration of T-cell immunity by adoptive cell transfer did not affect the blood pressure response to Ang
IT in B6.Ragl~~ mice. Full development of the hypertension-resistant phenotype in B6.Ragl~~ mice appears to depend
on the action of yet unidentified nongenetic modifiers in addition to the absence of functional T cells. (Hypertension.
2020;75:00-00. DOI: 10.1161/HYPERTENSIONAHA.119.13773.) ® Online Data Supplengnt
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In 2007, Guzik et.al' reported a resistance to Ang II (angio-

tensin II)-induced hypeftension in mice unable to generate 77

mature T and B lymphecytes ‘due jto a’distupfed.récombi-
nation-activating gene 1 (RAGI),/Malg Ragl™ mige On a
C57BI/6] backgrotmd (B6.Ragl ) developed niich milder
hypertension in response to a continuous'subcutaneous admin-
istration of Ang II'at a rate of 490 ng/min per kg than control
C57Bl/6] mice. Adoptive transfer of T cells, but not B cells,
fully restored the hypertensive response to Ang II. This sem-
inal observation strongly supported a significant and causal
role of T cells in the pathogenesis of hypertension and stimu-
lated a surge of studies investigating immunologic aspects of
hypertension and hypertensive end-organ damage.>* Since
the initial observation, further studies from David Harrison’s
laboratory,>® as well as from several independent laboratories,
confirmed the significantly reduced blood pressure increase
during chronic Ang II infusion in B6.Ragl™" using radiote-
lemetry,’ tail cuff plethysmography,®® or indwelling femoral
artery catheterization.'” A reduced blood pressure response
was also seen in RAG/-deficient rats.!!

Recently, Ji et al'? reported that the resistance to Ang
IT-induced hypertension observed in B6.Ragl™” mice
purchased from the Jackson Laboratory before 2015 was
lost in B6.Ragl™" mice purchased in 2015/2016. Ji et al

suggested that this phenotypic change was induced by
spontaneous mutations, which occurred in the inbred
Jackson Laboratory B6.129S7-Ragl™™m/J mouse strain
sinces 2009. Here, We report that we have never observed
any resistance t6-Ang T-induCed ‘hypértension in strictly
inbred B6.Rag1~"~ mice directly imported from the Jackson
Laboratory as early as in 2009.

Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Mice

Male B6.129S7-Ragl™™Mem/] (B6.Ragl”") mice were directly
imported from the Jackson Laboratory in 2009 and kept strictly in-
bred in pathogen-free individually ventilated cage housing in our
animal facility. Control male C57B1/6] mice were also obtained

from the Jackson Laboratory via Charles River—the exclusive li-
censed breeder of Jackson mice in Germany.

After transfer to the laboratory, mice were kept in single hous-
ing in sterilized cages with filter cover. All procedures (daily health
check, feeding, surgery, injections) were performed under sterile
conditions in a work bench (Thermo Scientific Heracus Clean Bench
HERAguard HPH 12). Each mouse had free access to gamma-irradi-
ated normal standard food (ROD 16-R, LASvendi, containing 0.3%
NaCl) and sterilized tap water. The 12-hour light/dark cycle was
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synchronized in all mice. All animal procedures have been approved
by the local animal committee and were in accord with the national
and institutional animal care guidelines.

Genotyping

Mice were genotyped by standard polymerase chain reaction
using the following primers: 5’-gaggttccgctacgactetg-3’, 5'-ccg-
gacaagtttttcatcgt-3’, and 5'-tggatgtggaatgtgtgcgag-3’. Polymerase
chain reaction products were separated by gel electrophoresis on
1.5% agarose gel. The expected wild-type band ran at 474 bp, the
mutant band at 530 bp.

Radiotelemetric Blood Pressure Measurements

Mice with a minimum body weight of 23 g were anesthetized by
intraperitoneal application of 120 mg ketamine and 16 mg xyla-
zine/kg. Telemetric transmitters (PhysioTel PA-C10; Data Sciences
International) were implanted subcutaneously, with the sensing tip
placed in the aorta via the left carotid artery. After 10 days of recovery
from surgery, interventions and recordings (Dataquest A.R.T. soft-
ware for acquisition and analysis) were started.

Vascular Relaxation Response

Thoracic aortae immediately dissected from euthanized mice were
carefully removed from fat and connective tissue and cut into 2
pieces of 4-mm length each for contraction force measurements in a
wire myograph system (Kent Scientific). Vessels were kept in buffer
(in mmol/L: NaCl 100, KCI 4.7, CaCl, 2.5, MgSO, 1.2, NaHCO, 25,
KH2PO, 1, glucose 11, indomethacin "0.01) under gentle fumlgatlon
with 95% O 5% CO, at a pretension of 1.1 g and 3x conditioned with
80 mmol/l KCl. After precontraction with 2 pmol/L PGF2a. (prosta-
glandin F2a; tris salt; Sigma Aldrich), relaxation response to increasing
concentrations of acetylcholine chloride (Sigma Aldrich) or nitroglyc-

erin (1 mg/mL Nitrolingual infus.; Pohl Boskamp) was measured as A

NaCl (low salt) or 3% sodium as NaCl (high salt), beginning 14 days
before the start of the Ang II infusion protocol.

Isolation of Leukocytes From Aorta, Kidney, and
Blood

The thoracic aortas including the adventitia, as well as kidneys and blood,
were taken from euthanized mice. Cardiac blood was taken and mixed
with 1.6 mg/mL EDTA and centrifuged at 4000g for 15 minutes. Aortas
were first rinsed with 2 mmol/L EDTA and 2% fetal calf serum, cut into
small pieces and digested as described."* Briefly, aorta dissects were
incubated for 45 minutes at 37°C and 300 rpm in digestion medium (PBS
with 240 U/mL collagenase type I, 125 U/mL collagenase type XI, 60 U/
mL hyaluronidase type I, and 1.20 U/mL DNAse; Sigma Aldrich, Saint
Louis, MO). After digestion, the cells were passed through a 70-uM cell
strainer to generate a single-cell suspension. Kidneys were minced and
incubated in digestion medium (RPMI 1640 medium containing 10%
fetal calf serum, 1% HEPES, 1% penicillin/streptomycin, 0.4 mg/mL
collagenase D, and 0.1 mg/mL DNAse) at 37°C for 45 minutes. To ob-
tain a single-cell suspension, kidneys were then dissociated using the
gentleMACS Dissociater and centrifuged at 300g at 4°C for 8 minutes.
Percoll gradient (37% Percoll; GE Healthcare, Chalfont St. Giles, Great
Britain) centrifugation was performed at 500g at room temperature for
20 minutes to further purify the cells. After lysis of erythrocytes in the
cellular part of blood and the single-cell suspensions of kidneys with am-
monium chloride, cells were filtered over 40-um meshes, washed again,
and resuspended in PBS for staining and flow cytometry. For determining
absolute cell numbers, a defined volume of nonstained cell suspensions

was taken and separately stained. . 4
Flow Cytometry

For flow cytometry, fluorochrome-conjugated antibodies were used:
cluster of differentiation CD) 45 (30-F11), CD3 (17A2), CD4
(GK1.5), CD8 (53-6.7), yo T cell receptor (GL3), NK1.1 (PK136),

described previously. #Data_were diialyz8d-Wit Char ¥ Qpsoffivate = andiED49,(6D5; Bivtegend. SanDiegoC@AMLIVE/DEAD staining

(ADInstruments) and €alculated in percentage of the maximum con-

traction force. For each mousg, the mean relaxation response,was cal- W

culated from the relaxation response curves of 2 Pieces of the aorta.”

Histopathologic’Analysis

After organ harvesting and fixation in 4% phosphate-buffered for-
malin solution, paraffin-embedded hearts, kidneys, and thoracic aor-
tae were sectioned and stained by our mouse pathology facility. In
Elastica van Gieson—stained aortic rings, the area of the tunica media
aortae, defined by the inner and outer lamina elastica, was quantified
by FIJI software. Cardiac fibrosis was assessed by determination of
the average score of 10 visual fields of a Picro-Sirius Red—stained
ventricular section per animal, whereby the score zero refers to no
fibrosis and the score 2 indicates massive fibrosis. Scoring was per-
formed by 2 blinded investigators.

Adoptive T-Cell Transfer

Single-cell suspensions from the spleens of C57B1/6J donor mice were
purified by indirect magnetic cell sorting (Pan T Cell Isolation Kit II,
mouse, MACS; Miltenyi Biotech). After flow cytometric control of
purity, 107 T cells diluted in 100 pL 0.9% NaCl solution or 100 pL
0.9% NaCl solution (sham treatment) were injected into the tail vein
of B6.Ragl~~ mice. For investigation of the effects of Ang II infusion
after adoptive T-cell transfer, mice underwent the injection procedure 4
weeks before implantation of Ang II-containing osmotic minipumps.

Ang II Infusion

Ang II was infused at different rates (170, 490, or 1500 ng/min per
kg) for 14 days via subcutaneously implanted osmotic minipumps
(Alzet, model 1002).

Salt Diet

To investigate the influence of salt intake, mice received a modified
special diet (Altromin C1036), containing either 0.02% sodium as

idead cells during, ﬂow cytometry. Hor

(Invitrogen Molecular Probes Carlsbadl CA) was used to exclude

ell count, CD45 (30-F11)
antrbody and‘counting beads wereased” (Llfe Technologles Europe,
Bleiswijk, the Netherlands). Samples were acquired on a Becton and
Dickinsongl=SRIl;Systemy(BectongPickinsongHeidelberg, Germany)
using the Diva software. Data analysis was performed with FlowJo
(Tree Star, Inc, Ashland, OR). After gating for single cells by for-
ward scatter width and forward scatter area followed by gating for
living cells, leukocytes isolated from the aorta, blood, and kidneys
were determined via CD45 surface staining. Absolute cell numbers
were determined by measuring a defined amount of counting beads
with comeasuring the CD45* cells in flow cytometry. Those CD45*
cell numbers were related to the used tissue weight.

Statistical Analysis

Data were analyzed with GraphPad Prism 7 and are shown as
mean+SEM whereby n represents the number of animals or spec-
imen. Statistical analysis was performed by 1- or 2-way ANOVA, if
not stated otherwise. P<0.05 was considered statistically significant.

Results

B6.Ragl~~ Mice Are Not Protected From Ang
II-Induced Hypertension and End-Organ Damage
Confirmation of RAGI deficiency in B6.Ragl~~ mice was
routinely performed by polymerase chain reaction detection
of the knockout band, by the assessment of reduced spleen
weight and by the assessment of mature CD3* lymphocyte
depletion in homogenized kidney cell solutions by flow
cytometry (Figure S1 in the online-only Data Supplement).
After confirmation of RAGI deficiency in B6.Ragl~~ di-
rectly imported from the Jackson Laboratory in 2009, we
infused Ang II in B6.Ragl™ mice. Unexpectedly, despite
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adhering to the original experimental protocol described by CD45; Figure 2). While the number of infiltrating natural
Guzik et al,' we found comparable blood pressure increases killer cells (NK1.1-positive CD45) appears to be increased in
in B6.Ragl™~ mice and C57BIl/6J controls in response to untreated B6.Ragl~~ mice, it was not augmented by Ang II
Ang II infusions at a rate of 490 ng/min per kg (Figure 1A; treatment in B6.Rag1~~ or C57B1/6J control mice (Figure 2).
Table). Examination of end-organ damage also revealed no natural killer T cells were not detected in B6.Ragl™~ mice.
significant differences in endothelial function, vascular mor- Flow cytometric analysis of the circulating blood yielded sim-

phology, and myocardial hypertrophy (Figure 1B through ilar results for all cell populations (Figure S4).
1E), except for a partial protection from Ang II-mediated

cardiac fibrosis in B6.Rag1~~ mice (Figure 1F). Effect of Different Doses of Ang II

To test whether the absence of Ang II resistance in our
Tissue-Specific Flow Cytometric Analysis of Cell B6.Ragl~~ mice might be related to a dose-dependent effect,
Populations we investigated the blood pressure responses to Ang Il infused
Earlier studies have described an increased T-cell infiltration at a 3-fold lower (170 ng/min per kg; Figure 3A; Table) or
in vascular' and renal tissue's from Ang II-treated mice lead- 3-fold higher (1.500 ng/min per kg; Figure 3B; Table) dose.
ing to vascular dysfunction and the development of hyperten- This dose range causes elevations of circulating Ang II from
sion. We, therefore, determined relative and absolute numbers modest to a high pathophysiologic range.'® Mean arterial pres-
of pan-T lymphocytes (CD3-positive CD45), T-helper cells sure was unaffected by the low-dose Ang II infusion in both
(CD4-positive CD45), cytotoxic T cells (CD8-positive CD45), genotypes. In response to the high Ang II dose infusion, mean
and yO-T cells (yd—T-cell receptor—positive CD45) in kidneys arterial pressure increased more rapidly and to a higher level
(Figure 2A; Figure S3A) and aortas (Figure 2B; Figure S3A) than during the original protocol but without any significant

derived from B6.Ragl™" and C57B1/6] control mice after 14 difference between B6.Ragl™ and control C57B1/6J mice.
days of either Ang II infusion (490 ng/min per kg) or sham

treatment by flow cytometry (for gating strategy, see Figure Effect of Salt Diet

S2). As expected, neither CD3, CD4, CDS, nor yd-T cells The salt content of the diet fed in #ife 2007 study demonstrat-
could be detected in B6.Ragl~~ mice, independent of Ang II ing the blood pressure differences@%ﬁngagl”’ mice and

treatment. In C57B1/6J controls, relative and absolute num- C57B1/6J controls in response to 490 ng/kg Ang II infusion was
bers of CD3, CD4, CD8, and v0-T cells remained unaffected not reported. Since salt intake has been recently identified as a
during the Ang II treatmentgldentical findings for absolute cell major modifier of immufie responses,'” ' we assessed whether
number were obtamed for pan -B lymphoeytes (CD19 posmveg - Jd;fferences in salt mtake mightbe respon31ble for the discrepant
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Figure 1. B6.Rag1~~ mice are not protected against Ang Il (angiotensin Il)-mediated hypertension and hypertensive end-organ damage. A, Telemetric blood
pressure recordings in sham- or Ang ll-infused C57BI/6J (black circles) and B6.Rag1~- (red circles) mice. Depicted are mean night values (7 pm to 7 aw);

no statistically significant differences; 2-way ANOVA; n=7 to 8. B and C, Effect of sham or Ang Il infusion (490 ng/kg per min) on endothelium-dependent
(acetylcholine [Ach]) and endothelium-independent (nitroglycerin [NTG]) vasodilatation of aortic rings from C57BI/6J (gray squares and black circles) and
B6.Rag1~- (light red squares and red circles) mice; no statistically significant differences; 2-way ANOVA; n=5 to 6. D, Representative aortic sections (left) and
quantification of tunica media hypertrophy in the aortic wall (right) of sham- or Ang ll-infused (490 ng/kg per min) C57BI/6J (black bars) and B6.Rag1~"- (red
bars) mice. ***P<0.0001, 1-way ANOVA; n=4 to 5. E and F, Ventricular weight/body weight ratios and myocardial fibrosis in sham- or Ang ll-infused (490 ng/
kg per min) C57BI/6J (black bars) and B6.Rag1-'- (red bars) mice. ***P<0.001, *P<0.05, 1-way ANOVA; n=4 to 8. All data are expressed as mean+SEM. MAP
indicates mean arterial blood pressure; and PSR, Picro-Sirius Red.
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Table. Steady-State MAP Responses to Different Doses of Ang Il and Dietary
Salt Intake
Ang Il MAP, mmHg
Dose, ng/ See in
min per kg Diet C57BI/6J | B6.Rag1-"~ Figure
490 Normal salt (0.3% NaCl) | 146+4 143+4 Figure 1A
170 Normal salt (0.3% NaCl) | 117+6 1142 Figure 3A
1500 Normal salt (0.3% NaCl) | 145+6 157+9 Figure 3B
490 Low salt (0.02% NaCl) | 1404 145+3 Figure 3C
490 High salt (3% NaCl) 159+2 158+3 Figure 3D
1500 Normal salt (0.3% NaCl) 150+8 Figure 4
140+5*

Depicted are means=SEM of night values (7 pv to 7 am) from continuous
telemetric recordings in C57BI/6J and B6.Rag1~"~ averaged over the last 4 d
of the Ang Il infusion. Ang Il indicates angiotensin Il; and MAP, mean arterial
blood pressure.

*B6.Rag1~~ mice after adoptive T-cell transfer.

phenotypes. Dietary salt depletion (0.02% NaCl; Figure 3C;
Table) and dietary salt excess (3% NaCl; Figure 3D; Table)
paired with the infusion of Ang II at a rate of 490 ng/min per kg
elicited a significant increase in mean arterial pressure in both
dietary conditions. High salt intake resulted in a stronger eleva-
tion of mean arterial pressure than low salt intake. Importantly,
no significant differences in the Ang II-dependent blood pres-
sure responses ceuld-be-discerned between B6.Ragl~~ and
C57BI/6J control mice under both dretary conditions. In line,
assessment of end-Qrgan damage did/mot reveal o prolaectlon of |
B6.Ragl™" in comparison to C57B1/6J control mice under these
conditions (Figurés SS5A through SSF and S6A through S6F).

Effect of Adoptive T=Cell Transfer in B6 Ragl~"-

To test for a possible prohypertensive function of T cells, we
compared the blood pressure responses to high-dose Ang

IT treatment (1.500 ng/min per kg) in B6.Ragl~~ mice after
T-cell transfer or sham treatment. Mean arterial blood pres-
sure increased to similar levels during the Ang II infusion in
B6.Ragl™" mice with and without adoptive T-cell transfer
(Figure 4; Table).

Discussion
Shortly after the seminal observation that B6.Ragl~~ mice
are protected from hypertension,' we started a project aimed
at dissecting the mechanisms underlying the attenuated Ang
II response in B6.Ragl1~~ mice. Unexpectedly, we found that
RAG]1 deficiency did not affect the development of Ang 11—
induced hypertension in mice carrying deletions in candidate
genes. We, therefore, decided to reproduce the original exper-
iments in B6.Ragl™" mice as closely as possible, including
the identical experimental protocol, experimental techniques,
and animal source as published.! The average blood pressure
increases and end-organ damage achieved by us in the con-
trol C57B1/6] mice were similar to those reported by Guzik
et al, consistent with a successful replication of their original
experimental conditions. Nonetheless, we never observed any
resistance to Ang Il-induced hypertension or hypertensive
end-organ damage in B6.Ragl~~ mice.

The absence of resistance to Amg II-mediated hyperten-
sion in B6.Rag1~~ mice was rece?’a&%‘ﬁ?ﬂported by Jiet al"?
from Kathryn Sandberg’s group. The authors found identical
blood pressure responses to Ang I infusions at rates of 200 and
490 ng/kg per min in B§.Ragl~" mice and control C57B1/6J
mice receiying a salt intake corresponding to our normal-salt
diet. Based on our 1nab111ty {o induce different blood pressure
\responses in B6. Ragl"‘ mige and controll C57B1/6J mice in
this dose range, we further increhsed the Ang II dose, but even
the administration of a high Ang II dose, which causes Ang II
plasma concentrations in an upper pathophysiological range,'®
did not result in different blood pressure elevations between
B6.Rag1~~ mice and control C57B1/6J mice in our hands.

A
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Figure 2. C57BI/6J and B6.Rag1~~ mice do not show augmented angiotensin ll-mediated infiltration of immune cells into renal and aortic tissue. A and B,
Determination of absolute numbers of T-cell, natural killer (NK)-cell, and B-cell subpopulations by flow cytometric measurements in renal (A) and aortic (B)
tissue from sham- or angiotensin ll-infused (490 ng/kg per min) C57BI/6J (gray squares and black circles) and B6.Rag1-- (light red squares and red circles)
mice; no statistically significant differences between sham and angiotensin Il treatment within each genotype, 1-way ANOVA; n=3 to 4 CD indicates cluster of

differentiation; and TCR, T cell receptor.
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Figure 3. Effect of different doses of Ang Il (angiotensin Il) and different levels of salt intake on the blood pressure responses in C57BI/6J and B6.Rag1~"~
mice. Depicted are mean night values (7 pm to 7 av) from continuous telemetric recordings in C57BI/6J (black circle) and B6.Rag1~- (red circle) mice on a
normal-salt diet (0.3% NaCl) treated with a low-dose Ang Il infusion (A), on a normal-salt diet (0.3% NaCl) treated with a high-dose Ang Il infusion (B), on a
low-salt diet (0.02% NaCl) treated with a medium-dose Ang Il infusion (C), or on a high-salt diet (3% NaCl) treated with a medium-dose Ang Il infusion (D).
Means+SEM; no statistically significant differences between genotypes; 2-way ANOVA; n=5 to 8. MAP indicates mean arterial blood pressure.

Accumulating evidence indicates that excessive die-
tary intake of salt can lead to an inadequate activation of the
immune system through a variety of pathways.*** We, there-
fore, also varied the salt intake in our study by a factor of
150 from almost salt-free to extremely high values. Again,
we found almost identical effects of Ang II on blood pressure,
endothelial function, vascular structure, cardiac hypertrophy,
and cardiac fibrosis in B6.Rag1~~ mice and control C57B1/6J
mice at low and high salt intake. Consistent with these find-
ings, a restoration of T cells by adoptive T-cell transfer also
did not augment the blood pressure response in B6.Ragl~"~
mice in the present study.

The reasons for the lack of resistance to Ang II in
B6.Ragl~~ mice observed here as well as in the study of Ji
et al'? remain unclear. A pathogenic role of various immune
cell populations, in particular of T cells, in the development of
hypertensive end-organ damage in experimental Ang II hyper-
tension has been demonstrated by numerous independent stud-
ies.> Ji et al purchased their mice from Jackson Laboratory

in 2015 and 2016. Since the same laboratory consistently
observed blunted Ang II-mediated hypertensive responses,
which could be fully restored to wild-type levels following
the adoptive transfer of T cells in B6.Ragl~ mice purchased
earlier than 2016 from the Jackson Laboratory,” the authors
suggested that spontaneous mutations might have occurred
in the Jackson B6.129S7-Ragl™™m/J strain between 2012
and 2015, masking the protective effect of the lack of T cells.
Such a presumed genetic drift, however, most likely does not
account for the lack of Ang II resistance in our B6.Ragl™""
mice, as we purchased the mice 6 years earlier than Ji et al.'?
Additionally, to the timely aspect, it seems unlikely that muta-
tions should have occurred in 2 independent lines, each lead-
ing to an exact normalization of the Ang II blood pressure
response B6.Ragl~~ mice.

We, therefore, rather think that the full development of the
hypertension-resistant phenotype in B6.Rag1~~ mice depends
on the action of yet unidentified nongenetic modifiers in addi-
tion to the absence of functional T cells. The composition of
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Figure 4. Effect of restoration of T cells by adoptive T-cell transfer on the
blood pressure responses in B6.Rag1-- mice. Depicted are mean night
values (7 pm to 7 am) from continuous telemetric recordings in B6.Rag1~"-
mice on a normal-salt diet (0.3% NaCl) either with (red triangle) or without
(red circle) injection of 107 donor T cells 4 wk before the commencement of
a high-dose angiotensin infusion. Means+SEM; no statistically significant
differences between genotypes; 2-way ANOVA; n=4 to 6. Ang Il indicates
angiotensin Il; and MAP, mean arterial blood pressure.

the experimental diets, in addition to the sodium content, can
have major effectsfon thé'development of hypertension and

end-organ damage; We contacted therJackson laboratorys andg. =

were informed that the diet used there has not changed since
2007. The diet administefed in OUr present) study is’ almost
identical to the one used by the Jackson laboratory, but other
laboratories may feed their mice other diets. In addition, epi-
genetic changes and fetal programming effects may affect im-
munologic mechanisms.?*?* For example, housing conditions
such as ambient noise have been shown to significantly im-
pact on the immune system and the feto-maternal cross talk.
Finally, recent studies have shown that the microbiome exerts
a major influence on the immune system. Specifically, the
gut microbiome has a major impact on the induction of T, 17
cells and thereby influences the development of salt-depen-
dent hypertension.® The composition of the microbiome is
mainly determined by environmental influences.”” Our mice
have always been kept strictly pathogen-free in the breeding
units, as well as in the laboratory. Hence, differences in the
microbiome in between laboratories or within one laboratory
over the years may critically modulate Ang II resistance in
B6.Ragl™~ mice and might additionally explain the lack of
an inflammatory response in aortic and renal tissue in the pre-
sent study. A recent study reported that C57B1/6 mice trans-
ferred as embryos into wild mice dams (so-called wildlings)
develop a microbiome throughout the body that is almost
identical to that of wild mice.”® This natural microbiome pro-
foundly altered the immune landscape of the spleen, blood,
and of immunologically important epithelial barrier sites.
Most importantly, wildlings but not C57B1/6 mice harboring
a laboratory microbiome phenocopied the results of 2 clinical
trials on immunotherapy. Accordingly, it would be of utmost
interest to further investigate the contribution of immunologic

mechanisms to the development of arterial hypertension in
these wildings.

Perspectives

Hypertension is the predominant cardiovascular risk factor
of our Western society. Pathogenic concepts, which con-
tribute to the development of hypertension, are essential for
defining new treatment strategies for this frequent and det-
rimental condition. The concept of a T-cell involvement in
the pathogenesis of hypertension and in the development of
end-organ damage is, therefore, compelling, as it opens new
therapeutic avenues. However, in light of the varying experi-
mental results between laboratories, the involvement of T and
B lymphocytes in the development of hypertension needs to
be revisited in a collaborative effort between different labo-
ratories. Using the same B6.Ragl~" strain and control litter-
mates, the confounding involvement of nongenetic factor(s)
might be identified by comparing the mouse microbiome,
DNA methylation sites, or other nongenetic confounders with
the responsiveness of B6.Ragl™" mice to Ang II in between
the contributing laboratories.
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Novelty and Significance

What Is New?

Mice unable to generate mature T and B lymphocytes because of a
disrupted recombination-activating gene 1 purchased directly from the
Jackson Laboratory as early as 2009 are not protected from experimen-
tal hypertension, regardless of the Ang Il (angiotensin Il) dose used, the
salt diet implemented, or of the restoration of T cells.

What Is Relevant?
Even in the complete absence of T and B cells, Ang Il can cause arterial
hypertension and hypertensive end-organ damage to the same extent as
in wild-type animals with an intact immune system.

Summary

Our results hint at a strong, as yet unidentified nongenetic mod-
ifier, which determines the relevance of T cells in the develop-
ment of hypertension and hypertensive end-organ damage and
which may also be relevant for other immunologically modulated
phenotypes.






