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Abstract: [ Objective] To investigate the expression and distribution changes of G protein—gated inwardly rectifying
potassium (GIRK) channel subunits GIRK1 and GIRK2 following morphine tolerance using human embryonic kidney 293
(HEK293) cells. [Methods] HEK293 cells were transfected with the lentiviral vector pLV-CMV-GIRK1-T2A-GIRK2—-
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P2A-MOR to establish a stable cell line overexpressing GIRK1, GIRK2, and the w—opioid receptor (MOR).Morphine (1
wmol/L, 24 h) was applied to these stable cells to construct a morphine—tolerant HEK293 cell model. Cellular
immunofluorescence was used to examine the distribution and co—localization of MOR with GIRK1 and GIRK2.ELISA was
performed to measure cAMP levels to confirm the establishment of the morphine—tolerant model. Cellular
immunofluorescence and Western blot were employed to analyze the distribution and protein expression changes of GIRK 1
and GIRK2 after morphine tolerance. A multimode microplate reader was used to measure fluorescence intensity for
detecting changes in cellular membrane potential following morphine tolerance. [ Results] In the stable HEK293 cells,
immunohistochemistry showed that GIRK1 and GIRK2 were primarily expressed on the plasma membrane, with minimal
presence in the cytoplasm.Both GIRK1 and GIRK2 co—localized with MOR and with each other.Compared with the control
group, cAMP levels significantly decreased after 1 h of morphine treatment (1.42+0.07 v5.0.72+0.12, P=0.001 0) , while
they significantly increased after 24 h of treatment (0.72+0.12 vs.1.98+0.17, P=0.000 5).Fluorescence double staining
revealed that after 24 h of morphine treatment, the morphine—tolerant group showed a significant increase in cytoplasmic
GIRK1 (13.76+7.67 vs.63.72£16.02, P<0.000 1) and GIRK2 (7.16+2.61 vs.32.92+7.67, P=0.002 9). Western blot
analysis indicated that the expression of membrane proteins GIRK1 (1.11+0.14 »s5.0.85+0.01, P=0.004 5) and GIRK2
(1.32+0.02 vs. 0.86+0.08, P=0.000 1) was significantly downregulated after morphine tolerance. Membrane potential
measurements showed that the hyperpolarization response in morphine—tolerant cells was significantly attenuated (-15.53+

0.12) % vs.(-8.17+0.11) %, P<0.000 1.[ Conclusion] Chronic morphine treatment can induce downregulation of GIRK1

and GIRK2 expression on the plasma membrane in stable HEK293 cells.
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A shows no expression of GIRK1 and GIRK2 in HEK293 cells before modeling. B shows the expression of MOR, GIRK1, and GIRK2 on the

membrane of HEK293 cells after modeling, as well as the co—localization of GIRK1 and GIRK2. Scale bar=5 pwm.

1 MOR 5 GIRK1#1 GIRK2 7 HEK293 4l P i) R ix 5 HE L
Fig.1 Expression and Co-localization of MOR with GIRK1 and GIRK2 in HEK293 Cell
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ELISA shows the changes in cAMP content induced by morphine
at 1 h, 6, 12 h, and 24 h after modeling. n=3, F=49.28, P<0.000 1.
##%pP<0.001 compared with the control group,***P<0.001 compared
with the 1 h group.
2 AEEEREHHES cAMP &2 EWL
Fig.2 Changes in cAMP content induced by morphine at

different time points
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A: Changes in fluorescence after 24 h of morphine treatment.B,C: Changes in membrane and cytoplasmic proteins after 24 h of morphine treatment.

A shows the internalization of GIRK1 and GIRK2 proteins in the cell model after morphine tolerance, n=4. Scale bar=5 pwm. B shows the downregulation
of GIRK1 and GIRK2 membrane proteins in the HEK293 cell model after morphine tolerance. C shows the increase in cytoplasmic GIRK1 and GIRK2
proteins in the HEK293 cell model after morphine tolerance.*P<0.05, **P<0.01, **#*P<0.001,****P<0.000 1, compared with the control group, n=3.

3 MBHHES GIRK1# GIRK2 RiIZEH

Fig.3 Morphine induces changes in GIRK1 and GIRK2 expression
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After incubation with fluorescent dye, the baseline fluorescence
intensity (Fo) of cells in the control group and the morphine tolerance
group was measured using a multifunctional microplate reader for the
first two minutes. Following the addition of ML297 (5 pmol/L),
continuous detection was performed for 10 minutes.n=6, F=108.3, P<
0.000 1.

El4 GIRKIEiE R A2 {0 i 12 i 2%
Fig. 4 GIRK Channel Membrane Potential Change

Time Course Curve
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