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Abstract

Purpose—Palbociclib is an approved cyclin-dependent kinase (CDK) 4/6 inhibitor for treatment 

of patients with ER-positive and HER2-negative breast cancers. While Retinoblastoma protein 

(pRb), a major substrate of CDK4/6, is a potential target in triple negative breast cancer (TNBC), 

the usefulness of CDK4/6 inhibitors in this cancer has not been established. This preclinical study 

investigated the combination effects of palbociclib and the dual mammalian target of rapamycin 

(mTOR) kinase inhibitor MLN0128 in estrogen receptor (ER)-negative breast cancer in vitro and 

in vivo.

Methods—The combined effects of two drugs on three TNBC cell lines (MB231, MB468, and 

CAL148) and an ER-negative and HER2-positive cell line (MB453) were investigated by MTT 

assay and colony formation analysis. Cell cycle measurements were examined as well as changes 

in expression of molecules related to G1/S transition and the mTOR pathway. Importantly, a pRb-

expressing TNBC patient-derived xenograft (PDX) model was used to assess the effects of the 

combination in vivo.

Results—A combination of palbociclib and MLN0128 synergistically inhibited the proliferation 

of pRb-expressing cell lines and induced G1 cell cycle arrest. Western blot analysis revealed that 

CDK4/6-pRb and mTOR pathways were inhibited by these treatments. In pRb-expressing TNBC 

PDX, the combination treatment drastically suppressed tumor growth compared to either the 

control or single drug treatments. In addition, the combination treatment significantly reduced the 

number of Ki67-positive cells.
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Conclusions—We revealed that palbociclib and MLN0128 had synergistic anti-cancer activity 

in both pRb+ ER-negative cell lines and a TNBC PDX model. Our results indicate that such 

combination therapy is worthy of further investigation in a clinical setting.
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Background

The most common malignancy in women is breast cancer. It represents approximately 29% 

of all new female cancer cases; one in 8 women develops breast cancer in her life [1]. Triple 

negative breast cancer (TNBC) is defined by 1) the absence of ER and PR expression 

through immunohistochemistry (IHC) and 2) normal expression levels of HER2 via IHC 

and/or its amplification via fluorescence in situ hybridization (FISH). TNBC accounts for 

approximately 13 – 22% of all breast cancers [2–5]. Unlike TNBCs, breast cancers that are 

positive for ER, PR and/or HER2 are treated with either hormone therapies or anti-HER2 

targeted therapies. To date, no targeted therapies have been approved for TNBC. Therefore, 

TNBC is generally treated with chemotherapy. While TNBC is often more sensitive to 

chemotherapy than other subtypes of breast cancer, TNBC patients with residual disease 

after neoadjuvant chemotherapy have an extremely poor prognosis [6–8]. Thus, a new 

therapeutic strategy for TNBC is urgently needed.

Palbociclib is a specific CDK4/6 inhibitor. When the FDA approved a combination of 

palbociclib and letrozole in 2015, it was deployed as a first line treatment for 

postmenopausal women with ER-positive and HER2-negative advanced or metastatic breast 

cancer [9,10]. The efficacy of palbociclib is associated with its suppression of CDK4/6 

activity. CDK4/6 forms complexes with cyclin D and phosphorylates pRb, which is a tumor 

suppressor protein. Phosphorylation of pRb allows transcription factor E2F to dissociate 

from the pRb-E2F complex. Subsequent expression of E2F targeted genes plays important 

roles during the G1/S transition [11]. By preventing pRb phosphorylation and transcription 

of E2F-targeted genes, treatment with palbociclib results in G1 cell cycle arrest [12]. 

Importantly, the expression of pRb is key for the response of a CDK4/6 inhibitor [13]. While 

loss of pRb expression has been often observed in TNBC, it is still expressed in 

approximately 60% of these cases [14,15]. Additionally, Rb expression has been associated 

with poor prognosis after chemotherapy [15–17]. As such, the CDK4/6-pRb axis is expected 

to be an important treatment target for pRB-positive TNBC.

Combinations of a CDK4/6 inhibitor and a phosphatidylinositol 3-kinase (PI3K) inhibitor 

have undergone preclinical evaluation for TNBC with the PIK3CA mutation [18]. However, 

the rate of PIK3CA mutation in human TNBC tissue is only 8.3% [19], which limits the 

utility of the treatment strategy. A downstream component of the PI3K/AKT regulating 

pathway is mammalian target of rapamycin (mTOR). mTOR integrates signals involving 

growth factors, nutrients, energy and oxygen levels to regulate cell growth, metabolism, 

autophagy, protein translation, and angiogenesis [20]. The mTOR pathway is also known to 
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regulate cell cycle [21,22]. According to a report by Montero et al., mTOR may be one of 

the most common targets in TNBC [23]. mTOR forms two different protein complexes 

called mTORC1 and mTORC2. mTORC1 not only regulates growth signaling but also 

mediates potent negative feedback loops. When the drug selectively inhibits mTORC1, the 

corresponding loss of a negative feedback loop may activate mTORC2 [24]. MLN0128 is a 

second-generation dual mTOR kinase inhibitor which suppresses both mTORC1 and 2. 

MLN0128 exhibited anti-proliferation effects in TNBC cell lines with or without PIK3CA 

mutation [25]. Thus, MLN0128 has been investigated in several breast cancer clinical trials 

including ones for patients with everolimus-resistant breast cancer (Supplementary Table 

S1). Here, we investigated the combination of palbociclib and MLN0128 in TNBC through 

in vitro and in vivo experiments. The study also included a HER2-positive/ER-negative cell 

line, MB453.

Methods

Cell lines

Breast cancer cell lines, MB231, MB453, MB468, and CAL148 were purchased from ATCC 

and DSMZ. There have been conflicting reports about the status of MB453 as a pRb-positive 

TNBC cell line. As such, we assessed MB453 cells from ATCC to determine HER2 

expression levels. Our analysis indicated that MB453 is a HER2-positive/ER-negative cell 

line. HER2 amplification was validated in MB453 by FISH. Importantly, this cell line has 

been reported as resistant to HER2 targeted therapies [26]. To help clarify its HER2 status, 

here we refer to MB453 as a “HER2-positive cell line”; the terms “TNBC” or “ER-negative 

breast cancer” are used when appropriate. All cell lines were maintained at 37 °C and 5% 

CO2 in Dulbecco’s Modified Eagle Medium (DMEM) (Genesee Scientific) supplemented 

with 10% fetal bovine serum (FBS) (Omega Scientific Inc), 1% penicillin-streptomycin 

(HyClone), and 1% sodium pyruvate (Corning).

Patient derived xenograft

Surgically resected tumor pieces (2 × 2 mm) from a patient with TNBC were implanted into 

the 4th mammary fat pad of 6 to 8 weeks old female NOD-scid/IL2Rγ−/− (NSG) mice to 

establish PDX lines. The details were previously described [27]. We used COH_GS6, which 

is a pRb-expressing TNBC PDX line. The presence of pRb was confirmed by Western blot.

In vivo animal study

Tumor slices (2 × 2 mm) from an established tumor were implanted into female NSG mice. 

After tumor sizes reached approximately 50 mm3, mice were randomized and received 

control vehicle (1:1 ratio of PBS and MLN vehicle), palbociclib (50 mg/kg in the control 

vehicle) [28], and/or MLN0128 (0.3 mg/kg in the control vehicle) [25]. All drugs and 

control vehicle were administered 6 days a week by oral gavage. Mouse body weight was 

monitored at each time of treatment. Tumor volume was monitored once a week and 

calculated with the following formula: length × width2 × π/6 [29]. Tumor samples were 

collected 6 h after drug administration. NSG mice were bred and housed at the City of Hope 

Animal Resources Center in ventilated cage racks with free access to water and food. They 

were maintained on a 12 h light/dark cycle.
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Histological analysis

IHC staining was performed by the Pathology Core facility at City of Hope. Ki67 was 

scored by manually counting 3 fields of over 500 cells each and then determining the 

percentage of Ki67 positive cells [30]. Representative images were acquired using an EVOS 

FL cell imaging system (Thermo Fisher Scientific).

Results

Palbociclib suppresses cell proliferation in pRb-expressing ER-negative breast cancer cell 
lines

To determine the effect of palbociclib on the proliferation of ER-negative breast cancer cells 

in vitro, we used 3 TNBC cell lines (MB231, MB468, and CAL148) and an ER-negative and 

HER2-positive cell line (MB453). MB231 and MB453 were confirmed to be pRb-

expressing, and MB468 and CAL148 were pRb-deficient cell lines, as demonstrated by 

Western blot analysis (Fig. 1A). Cells were treated with palbociclib at 24, 72, or 120 h. 

Palbociclib-mediated inhibition of cell proliferation was examined via dose- and time-

dependent measurements. Palbociclib suppressed cell proliferation in pRb-expressing cell 

lines; the IC50 values for palbociclib were 106 nM in MB453 cells and 285 nM in MB231 

cells following 120 h treatment (Fig. 1B). Drug-mediated inhibitory effects were not 

observed in either of the pRb-deficient cells when they were treated with at least 1 μM 

palbociclib for 120 h (Fig. 1C). These results are consistent with a previous report on pRb-

deficient cells [31]

Combination of palbociclib and MLN0128 synergistically inhibits cell proliferation, and 
suppresses colony formation ability in pRb-expressing ER-negative breast cancer cell 
lines

To investigate the effect of the combination, we performed an MTT assay and combination 

index analysis using CalcuSyn software. Cells were treated with palbociclib and/or 

MLN0128; the MTT assay was performed after 120 h of treatment. The combination index 

analysis revealed that the two drugs acted synergistically in pRb-expressing MB231 and 

MB453 cells for almost all the concentrations we examined (Fig. 2A and B). However, no 

effect was observed in pRb-deficient MB468 cells and CAL148 cells (Fig. 2C). We also 

examined everolimus in combination with palbociclib. When it was used alone, everolimus 

was a significantly less potent inhibitor than MLN0128. We did not observe synergistic 

effects when we treated MB231 and MB453 cells with everolimus at 7.8125 nM (Fig 2D). 

Synergistic activity was observed when higher concentrations of everolimus were used. 

Based on these results, we decided to further assess the dual mTOR inhibitor rather than 

everolimus.

We confirmed the ability of palbociclib + MLN0128 to suppress cell proliferation by 

assessing its impact on single cell growth into a colony. For these colony formation assays, 

pRb-expressing MB231 and MB453 cell lines were subjected to sustained treatment with 

control, single drug, or the two-drug combination. The combination treatment significantly 

suppressed colony formation in both cell lines compared to the control or single drug 
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treatment (Fig. 3A and B). The colony numbers were reduced over 95% or 85% in both cell 

lines as compared to the control or palbociclib only, respectively.

The combination of palbociclib and MLN0128 induces G1 arrest, and suppresses G1/S 
transition and mTOR pathway

We performed cell cycle analysis on MB231 and MB453 cells using flow cytometry. 

Palbociclib induced G1 arrest and the combination with MLN0128 enhanced G1 arrest 

further (Fig. 4A). We also examined the expression of cleaved PARP, which serves as a 

marker of cells undergoing apoptosis. Both the single drug treatments and the two-drug 

combination failed to change levels of cleaved PARP in MB231 and MB453 cells (data not 

shown). According to these results, the effects of the combination are mainly a product of 

cell cycle arrest rather than cell death.

To investigate molecular changes related to the G1/S transition and mTOR pathway, we 

performed Western blot analysis in MB231 and MB453 cells. Both palbociclib and 

MLN0128 reduced the levels of phopho-pRB (Fig. 4B). The level of total pRB in MB231 

cells was decreased as well by the treatment of palbociclib. Treatment with palbociclib also 

suppressed phopho-p70S6K, which is used as a marker of mTOR activity, although it did not 

suppress phospho-mTOR (Fig. 4C). The cyclin D1/CDK4 complex has been reported to 

interact with TSC2. Correspondingly, CDK4/6 inhibitors have been shown to reduce TSC2 

phosphorylation and attenuate mTOR activity in breast cancer cell lines [32]. According to a 

study by Herrea-Abreu et al., treatment with a CDK4/6 inhibitor increased cyclin D1 

expression levels; whereas a combination of a CDK4/6 inhibitor and PI3K inhibitor reduced 

cyclin D1. The reduction may be the mechanism that underlies synergism between CDK4/6 

and PI3K inhibitors [33]. As such, we also assessed here how our single drugs and two-drug 

combination affected the expression of cyclin D1. According to our results and those of 

others, palbociclib increased levels of cyclin D1, more clearly in MB231 cells. The 

treatment with palbociclib alone also slightly increased the expression of cyclin E1 protein. 

However, the two-drug combination reduced protein levels of cyclin E1 in both cell lines by 

comparing to those in cells treated with palbociclib alone (Fig.4B). The combination of 

MLN0128 and palbociclib decreased cyclin E1 mRNA levels (Fig. 4D). Additionally, both 

palbociclib alone and the combination suppressed cyclin E2, which may also reflect G1 

arrest.

Palbociclib in combination with MLN0128 shows a cooperative anti-tumor effect in pRb-
expressing TNBC PDX tumor

To examine the effects of the combination in vivo, a TNBC PDX model was used. We 

performed Western blot analysis to identify a TNBC PDX line that expresses pRb. 

COH_GS6 consistently expressed pRb although the levels of phospho-pRb were more 

variable (Fig. 5A). PDX tumors often show different molecular expression in each tumor. 

We used the highest phosho-pRb expressing COH_GS6 tumor for our study.

Mice bearing COH_GS6 tumors were treated 6 days a week with vehicle, palbociclib, 

MLN0128, or a combination of palbociclib and MLN0128. Both palbociclib and MLN0128 

alone suppressed tumor growth; but the combination treatment induced further suppression 
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of tumor growth compared to control or single treatment (Fig. 5B – D). No significant 

changes in mouse body weight were found in these treatment groups compared to vehicle 

control during the treatment period (Fig. 5E).

To investigate the mechanism of growth suppression, we performed both Western blot and 

IHC analyses. Consistent with our in vitro results, phosphorylation of pRb and S6 were 

inhibited by MLN0128, palbociclib, and the combination, compared to the vehicle control 

(Fig. 5F). The expression of phopho-p70 S6K was too weak to detect in this tumor (data not 

shown). To confirm that the drug combination inhibited cell proliferation, we performed 

IHC analysis to examine the Ki67 score in the PDX tumors. As we expected, the Ki67 score 

was significantly decreased by the combination treatment compared to control or single 

treatment (Fig. 5G and H). These results confirm that the combination of palbociclib and 

MLN0128 has a synergistic suppressive effect on the growth of pRb-expressing TNBC 

tumors in vivo.

Discussion

Despite its sensitivity to cytotoxic drugs, TNBC typically has a poor prognosis. For patients 

with TNBC, this poor outlook can be partly attributed to a lack of effective targeted 

therapies. Palbociclib, a CDK4/6 inhibitor, is well tolerated in a clinical setting. In 

combination with hormone therapy, it has been investigated in many clinical trials for 

patients with ER-positive breast cancer. However, to the best of our knowledge, few clinical 

trials have assessed palbociclib in patients with TNBC. The few clinical studies of the drug 

for TNBC have probed palbociclib in combination with either paclitaxel or bicalutamide 

(NCT01320592, NCT02605486). For example, a combination of palbociclib and paclitaxel 

exhibited prolonged tumor responses but also an accompanying grade 3/4 neutropenia, 

which frequently led to either dose reduction or interruption. These results prompted a 

currently ongoing Phase 1 study of a reduced palbociclib regimen. Similarly, a Phase 1/2 

trial is currently recruiting to study a combination of palbociclib and bicalutamide for AR+ 

TNBC. Combinations of palbociclib with other agents, such as PI3K inhibitors, have been 

also considered [18]. For the most part, such regimens are too toxic. For example, a Phase 3 

randomized BELLE2 study investigated the efficacy of BKM120 (a pan-isoform PI3K 

inhibitor) plus fulvestrant in postmenopausal women with advanced ER-positive HER2-

negative breast cancer. The addition of BKM120 improved progression free survival (PFS) 

from 5.0 months to 6.9 months; but the study did not support the use of BKM120 because 

the magnitude of benefit was small, considering the toxicity [34]. Four Phase 1 and 2 

clinical trials have investigated a combination of 3 drugs -- hormone therapy, palbociclib, 

and a PI3K inhibitor -- in patients with ER-positive and HER2-negative breast cancer 

(NCT03006172, NCT03128619, NCT03377101, NCT02684032). However, patients with 

TNBC were not assessed.

In addition to examining these combinations of CDK4/6 and PI3K inhibitors, several 

preclinical studies have assessed how CDK4/6 inhibitors interact with everolimus; the 

combinations have been probed in glioblastoma and head and neck squamous cell carcinoma 

[35,36]. Everolimus is a selective mTORC1 inhibitor that has been approved for ER-positive 

HER2-negative breast cancer. Here, we assessed the in vitro effects of palbociclib plus 
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everolimus in three TNBC cell lines and a HER2 positive/ER negative cell line. According 

to our results, the combination produced weak synergistic effects in MB231 and MB453 

cells, but only at very high concentrations. The IC50 values of everolimus were over 1 μM in 

MB231 and 76.0 nM in MB453. In contrast, the IC50 values of MLN0128 were 72.7 nM in 

MB231 and 16.1 nM in MB453 for 3 days of treatment. These results indicate that the 

potency of the mTOR inhibitor is critical for the combination to work effectively. In a 

previously reported in vivo study, everolimus produced variable responses in TNBC [37]. In 

a Phase 2 clinical trial, everolimus failed to produce either partial or complete responses; nor 

did it elicit 6 months stable disease in any of the five ER-negative HER2-negative patients 

with metastatic breast cancer [38]. Several reports (including in vitro studies) have described 

how combinations of various CDK4/6 and mTOR inhibitors impacted pancreatic cell lines 

and TNBC cell lines; also, a study of the combination plus hormone therapy was performed 

in ER positive breast cancer [18,39–41]. Here, a combination of palbociclib and the dual 

mTORC inhibitor MLN0128 had synergistic suppressive effects at almost all concentrations 

we examined (Fig. 2). We are encouraged by the synergism we observed between 

palbociclib and MLN0128 for TNBC. Taken altogether, the combination of a CDK4/6 

inhibitor and MLN0128 may hold potential for treating patients with TNBC.

Inhibition of CDK4/6 has been reported to 1) suppress phosphorylation of AKT and ERK in 

head and neck squamous cell carcinoma [36]; and 2) upregulate phosphorylation of AKT in 

malignant pleural mesothelioma cells and TNBC cell lines [42,43]. Thus, we also examined 

the effect of palbociclib on phosphorylation of AKT and ERK in TNBC as well as a 

HER2+/ER- cell line. We did not observe any changes for these cell lines (data not shown). 

There also have been conflicting reports about the effect of CDK4/6 inhibitors on the mTOR 

pathway. On the one hand, CDK4/6 inhibitors are thought to upregulate the mTOR pathway 

in pancreatic cancer and ER+ breast cancer [39,44]. On the other hand, they appear to 

suppress the mTOR pathway in glioblastoma and lymphoblastic leukemia [35,45]. Previous 

studies from our laboratory have found that CDK4/6 inhibitor treatment is not effective in 

everolimus-resistant MCF-7aro [46]. Thus, the effectiveness of CDK4/6 inhibitors depends 

on molecular features of cancers. In our study, the mTOR pathway was blocked by 

palbociclib in ER-negative breast cancer cell lines, including TNBC and HER2+/ER- cell 

lines (Fig. 4C). We also confirmed this mTOR suppression by palbociclib in vivo (Fig. 5F). 

Similarly, the two-drug combination effectively suppresses the mTOR pathway.

Tolerated doses of palbociclib are different in different in vivo preclinical studies. Published 

dosages range from 25 – 150 mg/kg/day [28,31,35,39]. Vijayaraghavan et al. reported that 

25 or 50 mg/kg/day doses were well tolerated in nude mice; however, 75 and 150 mg/kg/day 

doses were not tolerated [28]. We decided to use palbociclib at 50 mg/kg/day for 6 days a 

week, which was well tolerated. MLN0128 at 1 mg/kg/day has been reported to decrease 

Ki67 positive cells in Merkel cell carcinoma [47]. In our study, Ki67 positive cells in 

COH_GS6 PDX tumors were not significantly decreased by MLN0128 at 0.3 mg/kg/day or 

palbociclib at 50 mg/kg/day. However, they were significantly decreased by the combination 

treatment. Thus, our in vitro and in vivo data demonstrated that the combination of 

palbociclib and MLN0128 can suppress cell proliferation and tumor growth synergistically.
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Conclusions

In this study, we showed that a combination of the CDK4/6 inhibitor palbociclib and the 

dual mTOR kinase inhibitor MLN0128 had synergistic anti-cancer activity in pRb+ ER-

negative breast cancer cell lines and a TNBC PDX model. This drug combination has a 

potent synergistic inhibitory effect on pRb-expressing TNBC and does not appear to have 

severe associated toxicity. Palbociclib has already been used clinically and MLN0128 has 

been investigated in breast cancer clinical trials (Supplementary Table S1). In addition, one 

of the advantages of such treatment is that both drugs are orally active. Our study suggests 

that the combination of a CDK4/6 inhibitor and dual mTOR inhibitor, such as those 

described, may offer a new targeted therapy for patients with TNBC, and this combination 

therapy is worthy of further investigation in a clinical setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

CDK cyclin-dependent kinase

DMSO dimethyl sulfoxide

EMT epithelial-mesenchymal transition

FBS fetal bovine serum

IHC immunohistochemistry

mTOR the mammalian target of rapamycin

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

NSG NOD-scid/IL2Rγ−/−

PBS phosphate-buffered saline

PDX patient derived xenograft

PI3K phosphatidylinositol 3-kinase
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pRb retinoblastoma protein

TNBC triple negative breast cancer
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Fig. 1: Palbociclib suppressed proliferation of pRb-expressing TNBC cells.
(A) Cell lysates were evaluated for phospho-pRb and pRb expression by Western blot. β-

actin is shown as loading control. (B) MB231 and MB453 cells, and (C) MB468 and 

CAL148 were treated with palbociclib at the indicated concentrations and cell proliferation 

was assessed by MTT assay after 24, 72, and 120 h incubation. Results of MTT assay are 

expressed as the ratio of control at the time, and are mean values ± SD at each palbocilcib 

concentration, from triplicate measurements for each treatment.
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Fig. 2: Combination of palbocilclib and MLN0128 synergistically inhibited proliferation of 
MB231 and MB453.
(A and C) MB231, MB453, MB468, and CAL148 cells were treated with palbociclib and/or 

MLN0128 for 120 h. The X axis shows palbociclib concentration. (B) Combination index 

(CI) was calculated in MB231 and in MB453. CI > 1 means antagonistic effect, = 1 means 

additive effect, and < 1 means synergistic effect. (D) MB231 and MB453 cells were treated 

with palbociclib and/or everolimus at the indicated concentrations. Results of MTT assay are 

expressed as the ratio of control, and are mean ± SD at each treatment concentration, from 

triplicate measurements for each treatment.
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Fig. 3: The combination treatment suppressed colony formation ability in MB231 and MB453 
cells.
(A) MB231 cells were plated into 6-well plates in 2 ml complete media at 1000 cells/well. 

Cells were treated with or without palbociclib at 250 nM and/or MLN0128 at 31.25 μM for 

7 days. MB453 cells were plated at 2000 cells/well and treated with or without palbociclib at 

62.5 nM and/or MLN0128 at 7.8125 nM for 21 days. (B) Colony numbers from the four 

treatment groups were counted. Data are mean values ± SD, from duplicate measurements 

for each treatment. Statistic analyses were subjected unpaired t test compared to the 

combination treatment. *p < 0.05, **p < 0.01.
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Fig. 4: The combination induced G1 arrest and reduced G1/S trantision related molecules and 
mTOR pathway.
MB231 cells were treated for 48 h with or without palbociclib at 250 nM and/or MLN0128 

at 31.25 μM. MB453 cells were treated for 48 h with or without palbociclib at 62.5 nM 

and/or MLN0128 at 7.8125 nM. (A) Flow cytometric analyses were performed in MB231 

and MB453. Data are expressed as cell population (%) and mean values ± SD, from 

duplicate measurements for each treatment. Statistic analyses of G1 cell population were 

subjected unpaired t test compared to control or combination treatment. *p < 0.05, **p < 

0.01. (B and C) Lysates were prepared from cells from each traetment and evaluated through 

Western blot analysis. Arrows indicate the target bands. β-actin is shown as the loading 

control. (D) Cyclin E1 mRNA levels in MB231 and MB453 were mesaured by realtime 

PCR. ACTB was used as a reference. Data are expressed as the ratio of control and mean 

values ± SD, from triplicate measurements for each treatment. **p < 0.01.
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Fig. 5: Palbociclib in combination with MLN0128 showed a cooperative anti-tumor effect in 
pRb-expressing TNBC PDX tumors.
(A) Expressions of phospho-pRb and pRb were examined by Western blot in 3 different 

untreated tumors of COH_GS6. (B) Mice bearing COH_GS6 tumor received control vehicle, 

MLN0128, and/or palbociclib. All vehicle and drugs were administered 6 days each week. 

Data of tumor growth rate are expressed as the percentage of each tumor size on day 0, and 

are mean ± SEM. Tumor volume was monitored once a week. (n = 7) (C) Tumors were 

collected and their weights were measured on day 39. Black bars show mean values and the 

error bars represent SEM. (D) Pictures of tumors were taken when tumors were collected. 

The scale (cm) has been placed below the tumors. (E) Mice body weight was monitored at 

the time of treatment. Each color shows the body weight of each group of mice. Data are 

mean values ± SEM. (F) Tumor lysates were prepared. Tumors were collected 6 h after oral 

gavage of drugs at the last day. Western blot was performed using indicated antibodies. β-

actin is shown as the loading control. (G) Representative image of IHC of Ki67 are shown 

for each treatment condition. A scale bar of 200 μm is shown below the images. (H) Data are 

expressed as the percentage of Ki67 positive cells in harvested tumors receiving each 

treatment [palbociclib group (n = 3), and other groups (n = 4)]. The boxes show the first 

quartile and third quartile of data and the lines in the box show median values. The bars at 

the end of box show 1.5 IQR. Statistic analyses were subjected to one-way ANOVA with 
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Tukey’s multiple comparison post-hoc test for data of (B), (C), and (H), and unpaired t-test 

for data of (E). *p < 0.05, **p < 0.01, ***p = 0.001.
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